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Analyses of a sediment core from Little Pond, located in the town of Bolton, Massachusetts, provide new
insights into the history of environmental and ecological changes in southern New England during the late
Holocene. Declines in organic content and peaks in the abundance of Isoetes spores indicate reduced water
depth at 2900–2600, 2200–1800, and 1200–800 calibrated years before present (cal yr BP), generally
consistent with the timing of dry conditions in records from elsewhere in the northeastern United States. The
Little Pond pollen record features little change over the last 3000 yr, indicating that the surrounding
vegetation was relatively insensitive to these periods of drought. The 1200–800 cal yr BP dry interval,
however, coincides with increased abundance of Castanea pollen, suggesting that the expansion of Castanea in
southern New England may have been influenced by late-Holocene climatic variability.

© 2011 University of Washington. Published by Elsevier Inc. All rights reserved.
Introduction

Records of late-Holocene environmental change (1) place the
climatic variations of recent centuries into long-term context (e.g.,
Mann et al., 1998; Mann and Jones, 2003; Jones and Mann, 2004;
Kaufman et al., 2009), (2) can be used to explore the links between
environmental and cultural changes (e.g., Haug et al., 2003; Benson et
al., 2007), and (3) help us understand how climatic variability drives
century-scale ecological change (e.g., Gavin et al., 2006; Shuman et al.,
2009a). Detailed records of climate spanning the past few millennia
are relatively abundant in certain regions of eastern North America
(Fig. 1), including the Great Lakes region (e.g., Booth and Jackson,
2003; Booth et al., 2004, 2006) and the Chesapeake Bay region (e.g.,
Cronin et al., 2000, 2003; Willard et al., 2003), but the late-Holocene
climatic history of the northeastern USA (“the Northeast”) is not as
well understood.

Existing paleoenvironmental data from the Northeast provide
limited insight into late-Holocene climatic variations. Pollen records
from northern New England and southeastern Canada feature increas-
ing abundance of Picea (spruce) during the last ~2000 yr (e.g., Webb et
al., 1983; Spear, 1989; Shuman et al., 2005), and temperature recon-
structions estimated from pollen data from across the region indicate
progressive cooling over the last two millennia (Gajewski, 1988). At
sites along the Massachusetts coast, higher Pinus (pine) abundance and
reduced charcoal influx after ~1500 calibrated years before present
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(cal yr BP)may reflect cooler,moister conditions (Winkler, 1985; Foster
et al., 2002; Parshall et al., 2003). On the other hand, sand layers dated to
2500–1800, 1600–1300, and 1200–600 cal yr BP in the sediments of
New Long Pond, located in southeastern Massachusetts (Fig. 1), are
interpreted as indicating dry conditions (Shuman et al., 2009b; Newby,
2010), as are elevated charcoal and Pinus abundance ~1200–600 cal yr
BP in a record from PiermontMarsh (Fig. 1) in the lower Hudson Valley,
New York (Pederson et al., 2005). Declining abundances of Fagus
(beech) and Tsuga (hemlock) at ~600–500 cal yr BP in pollen records
from across the Northeast have been interpreted as a response in forest
composition to cooler and/or drier conditions during the Little Ice Age
(Gajewski, 1987; Campbell and McAndrews, 1993; Fuller et al., 1998).
With the exception of theNew Long Pond record (Shuman et al., 2009b;
Newby, 2010), few non-pollen proxies have been available to test and
refine these interpretations.

In this paperwepresent a late-Holocene sedimentary record froma
small pond located in eastern Massachusetts. The pollen data for the
site for themost recent 1000 yr appeared in a previous study (Fuller et
al., 1998). New analyses of sediment organic content and pollen,
particularly spores derived from aquatic vegetation, yield an improved
understanding of climatic shifts in the Northeast since ~3000 cal yr BP.
Comparison of the record with evidence from other parts of eastern
North America shows how the late-Holocene history of the Northeast
relates to that of other regions.

Study area

This area of southern New England is located in the hardwood-
Pinus strobus–Tsuga canadensis (white pine-eastern hemock) forest
c. All rights reserved.

http://dx.doi.org/10.1016/j.yqres.2011.07.004
mailto:w_wyatt_oswald@emerson.edu
http://dx.doi.org/10.1016/j.yqres.2011.07.004
http://www.sciencedirect.com/science/journal/00335894


Figure 1.Map showing locations of Little Pond (this study), New Long Pond (Shuman et
al., 2009b; Newby, 2010), Piermont Marsh (Pederson et al., 2005), Chesapeake Bay (e.g.,
Cronin et al., 2003), Lac Hertel (Muller et al., 2003), Hole Bog, andMinden Bog (Booth et
al., 2006).

Table 1
Chronological data for the Little Pond sediment core.

Type Depth
(cm)

14C lab code δ13C
(‰)

14C date
14C (yr BP)

Cal age range
(2σ)
(cal yr BP)

Age⁎

(cal yr BP)

Surface 0–1 −44
210Pb⁎⁎ 12–13 76
ESH⁎⁎⁎ 52–53 268
14C 58–62 Beta-097596 −28.8 930±80 689–969 843

74–78 Beta-097597 −29.1 920±60 699–935 838
88–92 Beta-097598 −28.2 1300±60 1074–1306 1224

167–168 AA-57236 −26.3 2880±30 2887–3141 3009

⁎Median calibrated age for 14C dates; ⁎⁎Oldest of 11 210Pb age assignments;
⁎⁎⁎ESH=European settlement horizon; 14C date for 58–62 cm not used in age–depth
model.

Figure 2. Age–depth relationship for the sediment core from Little Pond. Inverted
triangle=oldest of 11 210Pb age assignments; triangle=European settlement horizon;
diamonds=14C dates; open diamond (60 cm) not used in age–depth model.
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zone (Spurr, 1956;Westveld, 1956). Important hardwood trees include
Quercus rubra (northern red oak), Q. alba (white oak),Q. velutina (black
oak), Acer rubrum (red maple), A. saccharum (sugar maple), Betula
alleghaniensis (yellow birch), B. papyrifera (paper birch), B. lenta (black
birch), and Fagus grandifolia (American beech). Pinus strobus and Tsuga
canadensis are also common. Most of southern New England has
reforested since agricultural abandonment in themid-nineteenth century
(Hall et al., 2002). EasternMassachusetts is characterized by coldwinters
(mean January temperature is −4°C at Bedford, Massachusetts, for
example) and warm summers (mean July temperature is 22°C). Mean
annual precipitation is 110 cm, distributed relatively evenly throughout
the year (Easterling et al., 1996).

Little Pond (42.4223°N, 71.5877°W, 99 m elevation) is located in
the town of Bolton, Massachusetts (Fig. 1). The 5.0-ha, 3.2-m-deep
pond has a single outlet that flows south towards the Assabet River.
The 32-ha watershed is mainly wooded at present, with some resi-
dential development and a summer camp along the shoreline.

Methods

A 1100-cm-long sediment core was collected from Little Pond in
September 1994. The upper sediments, including an undisturbed
sediment-water interface, were collected with a plastic tube fitted
with a piston. The surface core was extruded vertically in the field in
1-cm segments. Lower sediments were raised in 1-m drive lengths
using a modified Livingstone piston sediment sampler (Wright et al.,
1984). Those core segments were extruded horizontally in the field
and wrapped in plastic and aluminum foil. All samples were subse-
quently refrigerated.

For this studywe analyzed the upper ~170 cmof the Little Pond core.
The age–depth model is based on 210Pb analysis of recent sediments
(Binford, 1990), pollen evidence for European settlement, and acceler-
ator mass spectrometry 14C analysis of bulk-sediment samples
(Table 1). 14C dates were converted to calibrated years before present
(cal yr BP) using the IntCal09 calibration curve in CALIB 5.0 (Stuiver and
Reimer, 1993; Reimer et al., 2009). Sediment organic content was
estimated for 1-cm3 samples at selected depths by percent weight loss-
on-ignition (LOI) at 550°C. Sediment samples of 1–2 cm3were prepared
for pollen analysis following standard procedures (Faegri and Iversen,
1989), and tablets containing Lycopodium spores were added to the
samples to estimate pollen and spore concentrations (Stockmarr, 1971).
Pollen residues were mounted in silicone oil and analyzed at 400×
magnification. At least 500 pollen grains and spores of upland plant taxa
were counted for each sample, and pollen percentages were calculated
relative to that sum.

Results

The upper ~170 cm of the Little Pond sediment core spans ~3000 yr
(Table 1; Fig. 2). The age–depth model differs slightly from that
presented by Fuller et al. (1998) but maintains an increase in the rate of
sedimentation at the depth of European settlement. Sediment organic
content varies between ~25% and 45%, with low values dating to 2900–
2600, 2200–1800, and 1200–800 cal yr BP (Fig. 3). Pre-settlement
pollen assemblages are dominated by Quercus (40–50%), with lower
percentages of Fagus, Betula, Tsuga, Pinus, Ulmus (elm), Carya (hickory),
Fraxinus (ash), Acer, and Alnus (alder; Fig. 3). The pollen record features
little change, with the exception of an increase in Castanea (chestnut)
pollen percentages to N3% at ~1000 cal yr BP. European forest clearance
and agricultural activities of the eighteenth and nineteenth centuries
are marked by declining organic content, reduced abundance of tree
pollen, and elevated percentages of Poaceae (grass) and Ambrosia
(ragweed). Spore concentrations of Isoetes (quillwort), an emergent
aquatic plant, exhibit pronounced fluctuations, with major peaks at
~2000 and 1000 cal yr BP coinciding with two of the intervals of low
organic content (Fig. 3).

Discussion

Late-Holocene environmental changes in the northeastern USA

The sedimentary record from Little Pond provides new insight into
climatic variations in the Northeast over the last few millennia. The
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Figure 3. Pollen percentage diagram for selected taxa in the Little Pond record. Also shown are concentrations (spores cm−3) for Isoetes, organic content (percent loss-on-ignition;
%LOI), and % sand in the New Long Pond record from southeastern Massachusetts (Fig. 1; Shuman et al., 2009b; Newby, 2010).
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organic content of sediments of New England ponds similar in size to
the study site has been shown to vary in response to water depth:
shallow, littoral sediments are likely to be lower in organic content
than those in the deeper, central areas of lake basins (Shuman, 2003).
Given that relationship, we interpret the intervals of low organic
content dating to 2900–2600, 2200–1800, and 1200–800 cal yr BP as
most likely to represent periods of reduced water depth associated
with dry climatic conditions. The abundance of Isoetes spores in sed-
iments has been interpreted in various ways (e.g., van der Hammen
and Cleef, 1986; Horn, 1993; Sifeddine et al., 1996), but the close
correspondence of Isoetes with organic content suggests that, in the
Little Pond record, it also reflects changes in water depth. It is likely
that as the lake became shallower, Isoeteswas able to colonize exposed
lakeshores and shallow littoral zones, and its larger populationswere in
closer proximity to the coring site in the center of the pond (Horn,
1993). The shift to higher organic content at ~800–600 cal yr BP
probably represents higher effective moisture at the beginning of the
Little Ice Age.

The evidence for dry conditions at 1200–800 cal yr BP at Little Pond
is consistent with other records from New England and elsewhere in
North America. 1200–800 cal yr BP is well known as an interval of
widespread drought, with evidence for dry conditions in the Northeast
(Pederson et al., 2005; Shuman et al., 2009b; Newby, 2010), the Great
Lakes region (Booth et al., 2006), Chesapeake Bay (e.g., Brush, 1986;
Cronin et al., 2003; Willard et al., 2003), the southeastern USA (e.g.,
Stahle et al., 1988), the Great Plains (Dean, 1997; Forman et al., 2001; Yu
et al., 2002; Goble et al., 2004; Mason et al., 2004; Shapley et al., 2005),
and thewesternUSA (e.g., Cook et al., 2004). The inferreddry conditions
at 2900–2600 and 2200–1800 cal yr BP, on the other hand, are less
consistentwithdroughts observed in records fromotherparts of eastern
North America. The Little Pond drought events span intervals of
lowered lake level at New Long Pond in southeastern Massachusetts
(2500–1800 cal yr BP; Shuman et al., 2009b; Newby, 2010) and Lac
Hertel (Fig. 1) in the St. Lawrence lowlands, southern Quebec (2600–
1800 cal yr BP; Muller et al., 2003), but do not match dry conditions
at 1600–1300 cal yr BP at New Long Pond and 1850–1650 cal yr BP at
Hole Bog and Minden Bog (Fig. 1) in the western Great Lakes region
(Booth et al., 2006).

Over the last century, drought across the continental USA has been
associated with cool sea-surface temperatures (SSTs) in the tropical
and eastern Pacific Ocean and warm SSTs in the North Atlantic
(Enfield et al., 2001; McCabe et al., 2004, 2008; Booth et al., 2006),
with a restricted area of cool SSTs off the east coast of North America
from Virginia northward (Booth et al., 2006). Cool SSTs along the
Northeast have been linked to an intense drought that occurred in
New England during AD 1962–1965 (Namias, 1966), and the dry
intervals of the late Holocene may have been associated with those
types of conditions in the North Atlantic.

Forest responses to late-Holocene climatic variations

The postglacial history of the Northeast is characterized by several
major shifts in vegetation composition in response to changes in
climate (e.g., Shuman et al., 2009b), but despite evidence for intervals
of dry conditions at 2900–2600, 2200–1800, and 1200–800 cal yr BP,
there do not appear to be pronounced changes in the Little Pond
pollen record for the past ~3000 yr. This may be attributable to the
insensitivity of this vegetation assemblage to a few centuries of dry
conditions, and to the fact that these late-Holocene climatic variations
were not as dramatic as those that occurred in New England during
the early and middle Holocene (e.g., Shuman et al., 2009b; Newby,
2010). On the other hand, the increased abundance of Castanea in the
Little Pond pollen record at ~1000 cal yr BP appears to coincide with
the most recent period of dry climate (Fig. 3). The expansion of
Castanea across southern New England was time-transgressive (e.g.,
Shuman et al., 2009b), and it is unclear whether dry conditions aided
its increase at Little Pond or simply happened to occur as Castanea
arrived in this area of eastern Massachusetts. In either case, our
findings are inconsistent with those of Shuman et al. (2009b), who
attributed gaps in chestnut establishment, including at 2500–1100 cal yr
BP, to periods of dry conditions. In the Little Pond record, where we can
compare climate and vegetation proxies in the same core, it appears that
Castanea was able to expand during an interval of drought.

Subtle increases in the pollen of mesic taxa, including Tsuga, Fagus,
and Picea, in the Piermont Marsh pollen record from the lower Hudson
Valley, New York, have been interpreted as indicating cooler, moister
conditions during the Little Ice Age (Pederson et al., 2005). In pollen
records from north-central Massachusetts, however, Tsuga and Fagus
decline at ~600–500 cal yr BP, leading Fuller et al. (1998) to suggest that
conditions became drier at that time. The rise in organic content and
corresponding decline in Isoetes in the Little Pond record at the onset of
the Little Ice Age are indicative of rising water levels, but we are unable
to differentiate between increasing precipitation and decreasing
evaporation. Taken together, the various lines of evidence may indicate
a shift in the seasonality of precipitation, with drier conditions during
the growing season, to the detriment of the mesic tree taxa, and with
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wetter winters and/or cooler mean annual temperatures accounting for
the deeper lake levels.
Conclusions

The sedimentary record from Little Pond reveals late-Holocene
environmental changes in eastern Massachusetts generally consistent
with those observed elsewhere in the Northeast (e.g., Pederson et al.,
2005; Shuman et al., 2009b; Newby, 2010) andmatches some, but not
all, features of late-Holocene climate in other regions of eastern North
America (e.g., Muller et al., 2003; Booth et al., 2006). Declines in
organic content and peaks in the abundance of Isoetes spores indicate
dry conditions at 2900–2600, 2200–1800, and 1200–800 cal yr BP.
The surrounding vegetation was relatively insensitive to these intervals
of drought, although the expansion of Castanea in the vicinity of Little
Pond coincided with the dry conditions at 1200–800 cal yr BP. Future
studies of the late-Holocene climate history of theNortheast could build
upon this work by exploring even finer-scale environmental changes
(e.g., Booth et al., 2006), and by further investigating human and
ecological responses to the climatic variations of the last fewmillennia.
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