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ABSTRACT .

BEUNING, K.R.M.; FRANSEN, L.; NAKITYO, B.; MECRAY, E.L., and BUCHHOLTZ TEN BRINK, M.R., 2000.
Modern pollen deposition in Long Island Sound. Journal of Coastal Research, 16(3),656-662. West Palm Beach (Flor
ida), ISSN 0749-0208.

Palynological analyses of 20 surface sediment samples collected from Long Island Sound show a pollen assemblage
dominated by Carya, Betula, Pinus, Quercus, Tsuga, and Ambrosia, as is consistent with the regional vegetation. No
trends in relative abundance of these pollen types occur either from west to east or associated with modern riverine
inputs throughout the basin. Despite the large-scale, long-term removal of fine-grained sediment from winnowed
portions of the eastern Sound, the composition of the pollen and spore component of the sedimentary matrix conforms
to a basin-wide homogeneous signal. These results strongly support the use of select regional palynological boundaries
as chronostratigraphic tools to provide a framework for interpretation of the late glacial and Holocene history of the
Long Island Sound basin sediments.
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INTRODUCTION

Numerous investigations of the pollen record in lake sedi
ments throughout southern New England have demonstrated
a regionally consistent and synchronous pattern of postgla
cial vegetation history (DEEVEY, 1939; DAVIS, 1969; DAVIS et
al., 1980; GAUDREAU and WEBB, 1985; GAUDREAU, 1986; PE
TEET et al., 1993; WEBB et al., 1993; SHUMAN et al., 1999).
Throughout the deglaciation and Holocene, deciduous arbo
real species responded to the ameliorating climate by mi
grating northward at a pace consistent with the dispersal and
life-history characteristics of individual taxa. As a result, a
temporally consistent, identifiable pattern of introductions of
'new' taxa to the deciduous forest assemblage occurred
throughout the Holocene. The timing of these "new" intro
ductions is well constrained. Historically dated 'events' in the
vegetational history of southern New England can also be
identified in pollen records. Such events include the chestnut
(Castanea) decline at '"'-' 1910 AD and expansion of European
settlement at '"'-' 1680 AD (associated with an initial rise in
ragweed (Ambrosia) pollen (BRUGAM, 1978; RUSSELL et al.,
1993). Thus, pollen profiles within this floristically coherent
area demonstrate broadly comparable and coeval signals of
vegetation change over the last 15,000 years that can be used
as robust chronological tools. However, application of the
chronology of this well-constrained land-based pollen-vege
tation history to adjacent marine environments (e.g. Long Is
land Sound, LIS) requires careful consideration of the depo
sitional setting from which the marine pollen record is de
rived. In particular, differential preservation of pollen and
spore types, spatial variability in pollen deposition, and post
depositional reworking could affect the integrity of this re-

gional vegetation signal and, thus, the potential identifica
tion and synchroneity of chronological markers. This study
seeks to test the feasibility of using pollen-stratigraphic pro
files from LIS as a record of regional environmental change
and as a tool for constructing a time frame for linkage of land
based and marine events.

LIS is a large estuarine basin bounded in the north by Con
necticut and on the south by Long Island, New York (Figure
1). The large surface area of this estuary functions much like
a large lake system by capturing and integrating the pollen
signal of an extensive geographic area into the sedimentary
matrix (SUGITA, 1993). Transport of pollen to this "collecting
basin" occurs primarily by wind and water. Previous paly
nological studies from nearshore marine environments and
large lakes report variable relative importance of these two
transport vectors (e.g. STANLEY, 1965; HEUSSER, 1983; VIN
CENS and BONNEFILLE, 1988; LEZINE, 1991; Suc and DRI
VALIARI, 1991, VAN CAMPO, 1991). Significant riverine trans
port of pollen is usually reflected in spatial variability in pol
len deposition with either increased total concentrations or
increased abundance of specific pollen types near river in
flows to a basin (HOLMES, 1990; BEUNING, 1997; DEBUSK,
1997). For example, in Lake Malawi, East Africa, DEBUSK
(1997) found almost double the total pollen concentration/em"
of sediment near river inflows as opposed to the other areas
of the basin. However, even with wind as the predominant
transport vector of pollen to a lake, spatial variability in pol
len deposition within a basin can still occur. Small, light pol
len types te.g, Asteraceae) may be focussed towards the center
of a basin or preferentially deposited near the edges (DAVIS
and BRUBAKER, 1973; DAVIS et al., 1984; HOLMES, 1990;
BEUNING, 1996).
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Figure 1. Map of Long Island Sound showing location ofsurface sediment samples processed for palynological analysis. Two samples were completed
from site 30B-02 (See Figure 2).

Spatial variability in pollen deposition can be particularly
pronounce d in large basins . Becau se of their extensive size,
large lake systems commonly have complex internal water
flow and sediment tra ns port patterns that resul t in abundant
sediment deposition in one area of the basin and possible sed
iment winnowing from other portions of th e basin (JOHNSON,
1996; J OHNSON et al., 2000). In LIS, basin bottom currents
dr ive a dynamic sedimenta ry system in which currents of up
to 20 cm/s can resuspend fine sediments with each tidal cycle,
even in areas of continual deposit ion (CONNECTICUT DE
PARTMENT OFENVIRONMENTAL PROTECTION, 1977; KNEBEL
et al., 1999; KNEBEL and POPPE et al., this volume; SIGNELL
et al., this volume). Th is sediment sorting and post-deposi
tiona l reworking could resu lt in pollen assemblages from sin 
gle sediment sa mples that do not provide a representative
composite of the surrounding 'modern' vegeta tion (BEUNING,
1997). Alternatively, th ese strong tida l and sa linity currents
could mix the sinking sediment, even near river inflows, and
effectively integrat e both minor spatial and temp oral vari
ability such th at th e resultant palyn ological signal in the sed
iments is a well-mixed and spatially un iform record of re
giona l vegetation.

STUDY SITE AND REGIONAL VEGETATION

As an estuary, LIS (72° to 73°50'W and 40°50' to 41°20' N)
opens to the Atlan tic Ocean on the eastern end an d to New.

York Harb or via a narrow tida l strait on the western end
(Figure 1). The basin comprises an area of ap proximately
3300 km2 with a mean water depth of 24 m (K,'1EBEL et al.,
1999). Th e Connecticut, Th ames, and Housatonic rive rs flow
into the Sound from the north br inging inorganic and fine
grained orga nic particles, including pollen (which is pr imarily
20-50 I-Lm in diameter ), into the Sound (HORNE and PATTON,
1989). The sedimentary environment within the Sound is
patchy. However , a general trend of coarse substra te depo
sition cause d by eros ion occurs in the east and accre tion of a
more fine-grained sedimentary matrix occurs in the central
and western secto rs of the basin (KNEBEL et al., 1999; KNE
BEL and POPPE, this volume).

A secondary mixed deciduous forest, cha racteristic of
southern New En gland, covers the modern landscape of the
prin cipal pollen source area to LIS. Primary hardwood con
stituents of the forest consist of Quercus alba (white oak),
Quercus rubra (red oak), Liriodendron tul ip ifera (yellow pop
lar), and Carya ovata (shagbark hickory). Depend ing upon the
exposure, drainage, and underlying bedrock, Fagus grandi
folia (beech) , Fraxinus americana (white ash), Betula populi 
folia (gray birch), Acer rubrum and A. saccharum (red and
suga r maple), Chamaecyparis thyoides (Atl antic white cedar),
and other species of oak an d hickory may comprise a signif
icant portion of the arboreal biomass (BRAUN, 1964; LULL,
1968; FARRAR, 1995). Pinus strobus (white pine) and Pinus
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rigida (pitch pine), along with other coniferous trees such as
Tsuga canadensis (hemlock), grow among the hardwoods.
Most of the forest is secondary and is of even-age over much
of the region due to regrowth following clear-cutting at the
end of the last century (BROMLEY, 1935; BRUGHAM, 1978;
RUSSELL et al., 1993). Today, large areas of the forest have
been replaced with urban settlements due to high human
densities in the region. Mean annual precipitation for the re
gion ranges from 1050-1150 mmly with a mean January tem
perature of -:-1.5°C, and a mean July temperature of 22°C
(WEBB et al., 1993).

METHODS

Surface sediments (0-2 em) were collected using a Van
Veen grab sampler equipped with a video and still camera
system. The R / V Seaward Explorer was used on two cruises
in 1996 to collect 191 samples from 130 stations within LIS.
Samples were taken in north-south transects as well as in
inter-transect areas to achieve an even sample distribution.
The upper 2 ems of sediment were sampled from the grabs
using clean metal spatulas to prevent cross-sample contam
ination. Sediment was placed in acid-washed, polyethylene
containers, sealed, and transported to the laboratory for fur
ther analysis.

A random subset of 20 samples from throughout the basin
was selected from the grab collection to be processed for pol
len analysis (Figure 1). Aliquots of the wet sediment (3-5 g)
were removed from the grab samples and sent from the Unit
ed States Geological Survey in Woods Hole, MA, to Wesleyan
University, CT. At Wesleyan, volumetric subsamples of 0.5
to 1.5 cc of sediment were measured from each grab sample
for palynological processing. Size of the subsample was based
on visual inspection of sediment grain size (with larger sam
ples taken from coarser-grained sediments). Processing of
volumetric samples for palynological analyses followed stan
dard procedures (FAEGRI and IVERSEN, 1989) with the follow
ing exceptions: (1) sieving of sediment at 120 rather than 180
J.1m to remove abundant 120-180 J.1m sand particles, and (2)
use of two or three treatments of hydrofluoric acid to digest
abundant inorganic silicates. Processed samples were mount
ed in 2000 c.s. silicon oil. Over 500 identifiable grains per
sample were counted at magnifications of between 400 and
1000 X, depending upon the sample. One ml of a polystyrene
microsphere spike solution (7.6 X 104 spikes/ml) was added
to the volumetric samples to allow calculation of pollen con
centrations. "Spikes" were counted along with pollen grains
during sample analysis and pollen concentration of the sam
ple (grains/em") was calculated from the ratio of spikes to
pollen grains counted. All unidentified pollen grain "blad
ders" deriving from coniferous grains were tallied and divided
by two to determine the equivalent conifer grains that these
bladders represent. This equivalent total was used when cal
culating the relative percentage of "Conifer Equivalent"
grains shown in Figure 2. Conifer bodies without bladders
were not counted. Pollen count data from this study are ar
chived in the North American pollen database.

RESULTS AND DISCUSSION

Surface sediment samples from throughout LIS record a
uniform arboreal palynological signal that is dominated by
Quercus, Carya, Betula, Pinus, and Tsuga (Figure 2). No sig
nificant difference in pollen rain exists among these twenty
samples (p < 0.20, degrees of freedom = 48). The composition
of this 'modern' pollen assemblage within the surface sedi
ments accurately reflects the primary constituent taxa of the
regional vegetation. The relative abundances of Quercus (~

20%), Carya (~4%), and Tsuga (~6%) pollen corresponds
closely with the relative abundance of these taxa within the
surrounding forest (BRAUN, 1964; LULL, 1968; DELCOURT et
al., 1984; RUSSELL et al., 1993). In comparison, Betula, an
abundant pollen producer, is somewhat overrepresented in
the palynological assemblage (~10%) relative to vegetation
abundance « 10% of basal area of regional vegetation)
(JACKSON, 1990; CALCOTE, 1995) (Figure 2).

Pinus is prevalent in the regional vegetation and a prolific
pollen producer (CALCOTE, 1995) (Figure 2). Pinus percent
ages in LIS (5-12%) compare favorably with those deter
mined in other studies from smaller lakes in the region (5
15%) (DAVIS, 1969; JACKSON, 1990; BEUNING, 1998, unpub.
data). An abundance of "Conifer Equivalent' grains, however,
suggests a greater relative abundance of Pinus pollen in LIS
than in surrounding lake basins. The morphology of many
coniferous pollen grains, like Pinus, Picea, and Abies, includes
two "bladders", or air sacs, that aid in wind transport of the
grains. These bladders frequently break off from the body of
the grain. In isolation, it is difficult to assign a bladder con
fidently to a specific type of coniferous grain. The "Conifer
Equivalent" type in Figure 2 includes these unidentified blad
ders. Undoubtedly, over 90% of the "Conifer Equivalent"
grains derive from Pinus based on ratios of identified conif
erous grain genera and abundance of the potentially contrib
uting coniferous species on the southern New England land
scape. Note that the few samples with relatively low Pinus
concentrations (i.e. #26-01 and #23-04) also have the highest
percentages of conifer equivalents (Figure 2). Combining the
identified Pinus grains with the "Conifer Equivalents" makes
the total percentage of Pinus in the 'modern' pollen of LIS
between 20 and 30% (Figure 2). These relatively higher per
centages of Pinus pollen in LIS (20 to 30%), as compared with
nearby smaller lakes to the north (5 to 15% Pinus pollen),
probably result from long distance transport of Pinus pollen
from abundant Pinus populations to the west and south of
southern New England to the LIS surface.

The predominant, identified, non-arboreal taxon in the pol
len rain is Ambrosia artemisiifolia comprising between 5 and
15% of the modern pollen rain. An abundance of Ambrosia is
expected due to extensive vegetation "disturbance" and hu
man settlement in the LIS pollen source area (BRUGAM,
1978).

The modern pollen data from LIS shows a strong corre
spondence with surface sediment samples from adjacent
lakes in southern Connecticut. Analysis of pollen in surface
sediments of Rogers Lake (41°22'N; 72°7'W) (DAVIS, 1969)
and Lake Quonnipaug (41°27'N; 72°38'W) (BEUNING, unpub.
data) confirms a 'modern' regional pollen rain in southern
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Figure 2. Pollen diagram of surface sediment samples from Long Island Sound. All samples are derived from cruise SEAX 96017 with station names
provided along the y-axis. Stations are arranged in this figure from west to east geographically with the first sample, #44-02, from the westernmost site,
and bottom sample, #4-01, from the easternmost site. Percentages were determined as the percent total of all identified, non-aquatic pollen grains.
"Conifer Equivalents" refer to unidentifiable 'bladders' of coniferous grains with two bladders equivalent to one pollen grain. Genera compiled under
"Other Deciduous Trees" include: Celtis, Nyssa, Liquidambar, Ostrya / Carpinus, Juglans, Castanea, Salix and Tilia. "Other Shrubs" include: !lex, Corylus
and Cephalanthus and "Other Herbs" include Ericaceae, Plantago, Thalictrum, and Typha. Unidentifiable grains include those that were broken, crumpled
or corroded due to poor pollen preservation in LIS sediments and abundant pyrite that often obscures the surface texture and shape of the grains.

New England dominated by Quercus, Carya, Pinus, and Bet
ula. This consistency is maintained despite intersite differ
ences in the size and depositional nature of the basins. Ter
restrial vegetation within the LIS pollen source area repre
sents a combination of secondary white oak-pine-hickory for
est, agricultural land, and urban environments. Although the
Connecticut landscape may have a somewhat larger forested
component than Long Island or the New York City metro
politan area, the composite vegetation composition at the
spatial scale of the entire LIS pollen source area is reasonably
uniform. Thus, a regionally consistent pollen rain is trans
ported to the LIS surface that is then further mixed within
the water column. As a result, any small-scale patchiness in
the surrounding vegetation is not recorded by spatial vari
ability in pollen-type composition or abundance in LIS sedi
ments.

The uniform composition of the 'modern' pollen assemblage
within the Sound provides clues as to pollen transport mech
anisms and depositional processes acting within LIS. Some
pollen must be transported by wind to the basin and then
well-mixed within the water column both prior to deposition

and by mixing of "new pollen" with pollen in resuspended
sediments. This process averages the variable monthly pollen
deposition over the course of a year as well as integrates the
pollen signal of multiple years. In addition, riverine input
must be minimal, or pollen transported by rivers to the
Sound must be rapidly incorporated into the mixing waters
without differential settling near river inflows. These results
are consistent with work of other researchers who have dem
onstrated that most fine-grained sediments are well-mixed
prior to sedimentation within the tidally-influenced Sound
(BUCHHOLTZ TEN BRINK et al., this volume; KNEBEL and
POPPE, this volume; MECRAY and BUCHHOLTZ.TEN BRINK,
this volume; SIGNELL et al., this volume).

Minor variations in pollen concentration among LIS sur
face samples do occur (900 to 16,000 grains/em") (Figure 2,
Table 1). Weak relationships between weight % fines and pol
len concentration (r 2 = .30) suggest increased pollen deposi
tion in zones of the Sound with fine-grained sediment accre
tion (Figure 3). Samples with pollen concentrations less than
5000 grains/ em" derive from the eastern erosional zone or
the central sand/shoal complex (Figures 1, 2). Greatest con-
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% Total Organic Carbon

Figure 4. Pollen concentration (grains/em" X 100) vs. percent total or
ganic carbon in Long Island Sound surface sediment samples.
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12300 ± 1230
3000 ± 300

16200 ± 1620
1500 ± 150

14500 ± 1450
7900 ± 790
5600 ± 560

10500 ± 1050
7300 ± 730
8200 ± 820
8100 ± 810
7900 ± 790

13300 ± 1330

41.23
41.22
41.02
41.17
41.09
41.22
41.02
41.07
41.19
41.13
41.14
41.02
41.02
41.07
41.09
41.03
40.96
40.98
41.15

Latitude
(N, decimal

degrees)

-72.30
-72.54
-72.68
-72.76
-72.78
-72.83
-72.94
-72.96
-72.96
-72.97
-73.09
-73.12
-73.12
-73.16
-73.27
-73.35
-73.55
-73.27
-72.84

Longitude
(W, decimal

degrees)

4-01
12-01
15-04
19-02
19-03
23-04
24-03
25-02
26-01
26-02
30A-01
30B-02 (1)
30B-02 (2)
32-01
36-01
38-01
44-02
A8G1
D5G1

Table 1. Locations and pollen concentrations of select LIS surface sedi-
ment samples from the SEAX96017 cruise.

Sample Name

centrations of pollen (samples > 10,000 grains/em") occur
only in the central portion of the basin where fine-grained
sediment accretion occurs today (Figure 2, Table 1). Samples
in this region do not have significantly higher TOC (Total
Organic Carbon) concentrations than other samples in the
basin (Figure 4). These results suggest that the central region
has either a relatively low sedimentation rate of well-mixed,
inorganic and organic depositional sources or that an alter
native mechanism exists for concentrating pollen within
these centrally-located sediments (e.g. possible scavenging by
animals). Since these "high" pollen concentration samples in
clude both nearshore and offshore samples, increased pollen
concentrations due to local terrestrial or riverine deposition
is unlikely. Ongoing analyses of short-core data will provide
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Figure 3. Pollen concentration (grains/em" X 100) vs. weight percent of
fine-grained material in Long Island Sound surface sediment samples.

additional information on mass accumulation rates through
out the basin.

IMPLICATIONS FOR RECONSTRUCTION OF
ENVIRONMENTAL CHANGE FROM LONG ISlAND

SOUND SEDIMENTS

This study demonstrates that a uniform pollen assemblage
is deposited in the surface sediments throughout the LIS ba
sin. As a result of thorough mixing of input pollen, palyno
logical analysis of single sediment cores from LIS should be
representative of the basin as a whole. This uniform pollen
deposition strongly supports use of select regional palynolog
ical boundaries as chronostratigraphic tools for interpreta
tion of the late glacial and Holocene history of the LIS basin.
Internal consistency among data contributing to regional is
opollen and paleovegetation maps confirms the feasibility of
this technique in southern New England (WEBB et al., 1993).
In addition, independent tests (e.g. 210Pb) of the synchroneity
of similar pollen events in Chesapeake Bay demonstrate the
viability of using pollen stratigraphic horizons as dating tools
in large estuarine depositional environments (BRUSH et al.,
1982; BRUSH, 1989; COOPER and BRUSH, 1991; CRONIN et
al., 2000). However, the robustness of this chronological tool
depends upon use of only predominant arboreal taxa and
careful consideration of taphonomic processes across region
al, radiocarbon-dated sites prior to application of regional co
eval pollen-stratigraphic markers for dating of LIS sediments
(BRUSH et al., 1982; NEWNHAM and LOWE, 1999). Further
more, while mixing of LIS sediments by tidal and other cur
rents provides a well-mixed, spatially-uniform palynological
assemblage, this same mixing should result in a smoothed
temporal signal of vegetation change. As a result, an abrupt
terrestrial vegetation change may appear gradual in the LIS
sediments and result in some uncertainty when assigning a
pollen-stratigraphic date. Yet, the Ambrosia rise, Castanea
decline and deciduous species' "introductions" into the south-
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ern New England landscape during the Holocene are expect
ed to provide excellent age-constraints for developing a chro
nology of Holocene environmental change derived from the
sedimentary records of LIS.

ACKNOWLEGEMENTS

All sample collection and preliminary laboratory work was
performed under the auspices of the U.S. Geological Survey.
We thank D. Willard, J. Bratton, and T. Webb III for their
thoughtful reviews and colleagues H. Knebel, R. Signell, and
J. Varekamp for discussions about the dynamics of Long Is
land Sound. Financial support for this work was provided by
Wesleyan University and the U.S. Geological Survey Coastal
and Marine Program.

LITERATURE CITED

BEUNING, K.R.M., 1996. Modern pollen rain, vegetation and climate
in lowland East Java, Indonesia. Modern Quaternary Research in
SE Asia, 14, 1-69.

BEUNING, K.R.M., 1997. Late-Glacial and Holocene Vegetation, Cli
mate and Hydrology of Lakes Albert and Victoria, East Africa.
Ph.D. Thesis, University of Minnesota, Minneapolis, 183p.

BRAUN, E.L., 1964. Deciduous Forests ofEastern North America. New
York: Harner Publishing Co., 595p.

BROMLEY, S.W., 1935. The original forest types of southern New
England. Ecological Monographs, 5(1),63-89.

BRUGAM, R.B., 1978. Pollen indicators of land-use change in south
ern Connecticut. Quaternary Research, 9, 349-362.

BRUSH, G.S., 1989. Rates and patterns of estuarine sediment accu
mulation. Limnology and Oceanography, 34(7), 1235-1246.

BRUSH, G.S.; MARTIN, E.A.; DEFRIES, R.S., and RICE, C.A., 1982.
Comparisons of 210Pb and pollen methods for determining rates of
estuarine sediment accumulation. Quaternary Research, 18, 196
217.

BUCHHOLTZ TEN BRINK,M.R.; MECRAY, E.L., and GALVIN, E.L., this
volume. Clostridium perfringens in Long Island Sound sediments:
An urban sedimentary record. Thematic Section. Journal ofCoast
al Research.

CALCOTE, R., 1995. Pollen source area and pollen productivity evi
dence from forest hollows. Journal of Ecology, 83, 591-602.

CONNECTICUT DEPARTMENT OF ENVIRONMENTAL PROTECTION,
1977. Long Island Sound: An Atlas ofNatural Resources. Hartford,
Connecticut: Connecticut Department of Environmental Protec
tion, 39p.

COOPER, S.R. and BRUSH, G.S., 1991. Long-term history of Chesa
peake Bay anoxia. Science, 254, 992-996.

CRONIN, T.; WILLARD, D.; KARLSEN, A.; ISHMAN, S.; VERARDO, S.;
MCGEEHIN, J.; KERHIN, R.; HOLMES, C.; COLMAN, S., and ZIM
MERMAN, A., 2000. Climatic variability in the eastern United
States over the past millennium from Chesapeake Bay sediments.
Geology, 28(1), 3-6.

DAVIS, M.B., 1969. Climatic changes in southern Connecticut re
corded by pollen deposition at Roger's Lake. Ecology, 50(3), 409
422.

DAVIS, M.B. and BRUBAKER, L., 1973. Differential sedimentation of
pollen grains in lakes. Limnology and Oceanography, 18, 635-646.

DAVIS, M.B.; SPEAR, R.W., and SHANE, L.K., 1980. Holocene climate
of New England. Quaternary Research, 14,240-250.

DAVIS, M.B.; MOELLER, R.E., and FORD, M.S., 1984, Sediment fo
cusing and pollen influx, In: E.Y. HAWORTH and J.W.G. LUND
(eds.), Lake Sediments and Environmental History. Minneapolis:
University of Minnesota Press, pp. 261-293.

DEBUSK, G.H., JR., 1997. The distribution of pollen in the surface
sediments of Lake Malawi, Africa, and the transport of pollen in
large lakes. Review of Palaeobotany and Palynology, 97, 123-153.

DEEVEY, E.S., 1939. Studies on Connecticut lake sediments. I. A

post-glacial climatic chronology for southern New England. Amer
ican Journal of Science, 237, 691-724.

DELCOURT, P.A.; DELCOURT, H.R., and WEBB, T.IIL, 1984. Atlas of
mapped pollen distributions of dominance and modern pollen per
centages for important tree taxa of eastern North America. Amer
ican Association of Stratigraphic Palynologists Contribution Series
14, 131p.

FARRAR, J.L. 1995. Trees of the Northern United States and Canada.
Ames: Iowa State University Press, 502p.

FAEGRI, K. and IVERSEN, J., 1989. Textbook of Pollen Analysis.
Chichester: Wiley and Sons, 328p.

GAUDREAU, D.C., 1986. Late Quaternary Vegetational History of the
Northeast: Paleoecological Implications of Topographic Patterns in
Pollen Distributions. Ph.D. Thesis, Yale University, New Haven,
Connecticut, 211p.

GAUDREAU, D.C. and WEBB, T. IlL, 1985. Late-Quaternary pollen
stratigraphy and isochrone maps for the northeastern United
States. In: Bryant, V.M. Jr. and Holloway, R.G. (eds.), Pollen Re
cords of Late-Quaternary North American Sediments. Dallas:
American Association of Stratigraphic Palynologists Foundation,
pp. 247-280.

HEUSSER, L.E., 1983. Pollen distribution in the bottom sediments of
the western North Atlantic Ocean. Marine Micropaleontology, 8,
77-88.

HOLMES, P.L., 1990. Differential transport of spores and pollen: A
laboratory study. Review ofPalaeobotany and Palynology, 64, 289
296.

HORNE, G. and PATTON, P.C., 1989. Bedload-sediment transport
through the Connecticut River estuary. Geological Society ofAmer
ica Bulletin, 101, 805-819.

JACKSON, S.T., 1990. Pollen source area and representation in small
lakes of the northeast United States. Review of Palaeobotany and
Palynology, 63, 53-76.

JOHNSON, T.C., 1996. Sedimentary processes and signals of past cli
matic change in the large lakes of the East African rift valley. In:
JOHNSON, T.C. and ODADA, E. O. (eds.), The Limnology, Clima
tology and Paleoclimatology of the East African Lakes. Amsterdam:
Gordon and Breach Science Publishers, pp. 367-412.

JOHNSON, T.C.; KELTS, K., and ODADA, E., 2000, The Holocene his
tory of Lake Victoria. Ambio, (in press).

KNEBEL, H.J. and POPPE, L.J., this volume. Sea-floor environments
within Long Island Sound: A regional overview. Thematic Section.
Journal of Coastal Research.

KNEBEL, H.J.; SIGNELL, R.P.; RENDIGS, R.R.; POPPE, L.J., and LIST,
J.H., 1999. Seafloor environments in the Long Island Sound es
tuarine system. Marine Geology, 155, 277-318.

LEZINE, A.-M., 1991. West African paleoclimates during the last cli
matic cycle inferred from an Atlantic deep-sea pollen record. Qua
ternary Research, 35, 456-463.

LULL, H.W., 1968. A Forest Atlas of the Northeast. Upper Darby, PA:
Forest Service, U.S. Department of Agriculture, 46p.

MECRAY, E.L. and BUCHHOLTZ TEN BRINK, M.R., this volume. Con
taminant distribution and accumulation in the surface sediments
of Long Island Sound. Thematic Section. Journal of Coastal Re
search.

NEWNHAM, R.M. and LOWE, D.J., 1999. Testing the synchroneity of
pollen signals using tephrostratigraphy. Global and Planetary
Change, 21, 113-128.

POPPE, L.J.; KNEBEL, H.J.; MLODZINSKA, Z.L.; HASTINGS, M.E., and
SEEKINS,B.A., this volume. Distribution of surficial sediment in
Long Island Sound and adjacent waters: Texture and total organic
carbon. Thematic Section. Journal of Coastal Research.

PETEET, D.M.; DANIELS, R.A.; HEUSSER, L.E.; VOGEL, J.S.; SOU
THON, J.R., and NELSON, D.E., 1993. Late-glacial pollen, macro
fossils and fish remains in northeastern USA - The Younger Dryas
oscillation. Quaternary Science Reviews, 12, 597-612.

RUSSELL, E.W.B.; DAVIS, R.B.; ANDERSON, R.S.; RHODES T.E., and
ANDERSON, D.S., 1993. Recent centuries of vegetational change in
the glaciated north-eastern United States. Journal ofEcology, 81,
647-664.

SHUMAN, B.; NEWBY, P.; and WEBB, T., III, 1999. Late Quaternary
moisture-balance changes in New England and associated vege-

Journal of Coastal Research, Vol. 16, No.3, 2000

digitstaff
Text Box



662 Beuning et al.

tation responses. GSA Northeastern Meeting, Abstracts and Pro
grams, 31(2), A67.

SIGNELL, R.P.; LIST, J.H., and FARRIS, A.S., this volume. Bottom
currents and sediment transport in Long Island Sound: A model
ing study. Thematic Section. Journal of Coastal Research.

STANLEY, E.A., 1965. Abundance of pollen and spores in marine sed
iments off the eastern coast of the United States. Southeastern
Geology, 7(1), 25-33.

Suc, J.-P. and DRIVALIARI, A., 1991. Transport of bisaccate pollen
grains to coastal sediments: An example from the earliest Pliocene
Orb ria (Languedoc, southern France). Review ofPalaeobotany and
Palynology, 79, 247-253.

SUGITA, S., 1993. A model of pollen source area for an entire lake
surface. Quaternary Research, 39, 239-244.

VAN CAMPO, E., 1991. Pollen transport into Arabian Sea sediments.
Proceedings of ODP Science Results, 117, 277-281.

VINCENS, A. and BONNEFILLE, R., 1988. Modern pollen sedimenta
tion in African lakes. Abstract, 7t h International Palynological
Congress, Brisbane, p. 173.

WEBB,T.III; BARTLEIN, P.J.; HARRISON, S.P., and ANDERSON, K.H.,
1993. Vegetation, lake levels, and climate in Eastern North Amer
ica for the past 18,000 years. In: WRIGHT, H.E. et al. (eds.), Global
Climates Since the Last Glacial Maximum. Minneapolis: Univer
sity of Minnesota Press, pp. 415-467.

Journal of Coastal Research, Vol. 16, No.3, 2000




