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ABSTRACT

A varved core (DS:2) was obtained from Seneca Lake, New York, 
for pollen analysis. The initial goal was to quantitatively evaluate 
changes in vegetation due to land use, plant density, and succession.
These are the factors that should control pollen influx. In Seneca Lake 
they did not.

Subtle changes in the vegetational record of Seneca Lake during 
780 years are discussed. Maximum and minimum values of pollen: influx 
for all genera coincided from the relative pollen frequency (KPF) data 
and the absolute pollen frequency (APF) data. There was a direct corre
lation between periods of high sediment influx and periods of high pollen 
influx. A least squares regression analysis showed that the relation
ship best fit a power curve y = 71312.01 x significant at the .01
level. Fifty-two percent of the variance (r ) in APF values was accounted 
for by sediment influx values. Pollen influx increases were greater than 
sediment influx rates.

In one extreme case, a five-fold increase in sediment influx was 
accompanied by a twenty-fold increase in pollen influx. This is best 
explained by influx of water-borne, pollen from sources extraneous to the 
lake itself, supplementing the natural airborne pollen influx.



INTRODUCTION

Lakes and bogs act as collecting, basins for humic and mineral 
particles through time. Pollen is a portion of the humic fraction of 
the sediment and it is preserved in the sediment as a microfossil. Pol
len microfossils are a reflection of the vegetation surrounding the col
lecting basin. I sought to investigate changes in regional plant 
communities through time. I was particularly interested in recent 
changes in the vegetation caused by land clearing and the advent of agri
culture. For this study, I selected the.Seneca Lake basin in western 
New York. Seneca Lake has varved sediments, which provide time control, 
as well as a basin with a long record of human occupation. I chose pol
len analysis as the best means of obtaining the record of past 
vegetation.

Pollen analysis as a tool used by ecologists, paleoecologists, 
geologists, and others has been developed within the last century (von 
Post 1916). It enables the investigator to reconstruct the vegetation 
for a locality through time. The reconstruction is then used to infer 
climate, land use, plant disease, and catastrophic events such as fire, 
as well as more gradual events, such as glaciation.

One of the earliest papers correlating the variation in vegeta
tion, with climate of the northeastern United States was done by Deevey 
in 1939. He developed the post-glacial stratigraphic pollen sequence 
subsequently found by other workers elsewhere in the northeast. He 
showed that, some changes in vegetation, such as the occurrence of Picea,
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are due to the proximity of the.plants to receding glaciers. He com
pared the data obtained from southern Connecticut with that obtained by 
other workers in North America and Scandinavia and found that other 
changes within the pollen record are common to many sites„ He suggested 
that the cause of these world-wide changes would be extraterrestrial.
This hypothesis made pollen a key to changes in world climate.

McAndrews (1966) tried another approach. This was an analogue 
method. Modern pollen samples were obtained from a variety of modern 
sites with their corresponding vegetation, assemblages. Then by comparing 
a fossil pollen spectrum with the modern pollen spectrum most closely 
resembling it, inferences concerning past vegetation could be drawn, re
sulting in quantitative vegetation values, based on modern vegetation 
data. in.deference to the previous qualitative information.

More recently, statistical correlations of weather and pollen 
data have been made (Webb and Bryson 1972; Bryson and Kutzbach 1974), 
resulting in the derivation of transfer functions to translate fossil 
pollen spectra into fossil climate values. This method produces numer
ical climate data.

How closely the quantitative measures of climate approximate 
reality is debatable, as it is not known how closely the modern rela
tionships between climate and pollen in a given area compare with those 
that were acting in the past. Differences in deposition of pollen, for 
instance those found by M. B. Davis (1967b, 1968, 1969a), could result 
in faulty climatic inferences being drawn.
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Fire and disease pose further, confounding problems to the paleo- 
ecologist„ Both eliminate existing plants and open the doors to plant 
succession» Palynologists have found that charcoal of forest fire ori
gin occurs in stratigraphic sequence with pollen that indicates vegeta- 
tional succession. Wright (1974), Swain (1973, and Waddington (1969) 
have used this in tracing fluctuations in the forest-prairie border of 
the midwest. R. B. Davis (1967) found charcoal horizons in Maine that 
indicate forest clearance and forest fires. Recognition of fire occur
rence in pollen sequences is important because many of the succeeding 
changes in vegetation will be in response to plant succession rather than 
from climatic fluctuations. Pollen studies tracing plant succession 
after fire can demonstrate the time necessary for the plant community 
to return to its former composition and density.

Disease of a given tree will selectively thin the forest. One 
such stratigraphic marker in the eastern United States is the die off of 
Castanea dentata in the early 1900’s from chestnut blight (Endothia 
parasitica). Anderson (1974) investigated the progress of the disease 
throughout the plant's range and defined the time beyond which Castanea 
pollen will not occur in limnologic sediments of the east. In the Great 
Lakes region, this time horizon is set. at 1930-35. This further refines 
the chronology of recent sediment accumulation.

Dutch elm disease (Ceratostomella ulmi) (Fenska 1959) is cur
rently attacking and killing Ulmus. Like Castanea pollen, Ulmus pollen 
will continue to appear in sediments as it drops off appreciably. This 
latest tree disease has not yet been defined as a time marker in recent



4

pollen stratigraphy and it may be another 50 years before the decline is 
evidenced in the pollen record..

In Mirror Lake, M. B. Davis (1976) found evidence of tree dis
ease in the fossil record. A disease infected Tsuga canadensis in 4800 
B.P., but by 2800 B.P., the species recovered. Perhaps more recent 
disease-stricken species may in time show the same resiliency.

Investigations of land use change have been used by archaeolo
gists to determine periods of site occupation and site abandonment 
(Martin and Byers 1965). In the southwest? this is indicated by a rise 
and fall in the Chenopodium and Amaranthus types (Cheno-Am). Iversen 
(1949) found a rise in agricultural weed pollen in Europe denoting land 
clearing.for agriculture. McAndfews, Boyko, and Byrne (1974) found 
Graminae rises in southern Ontario denoting Indian agriculture. Modern 
changes due to suburbanization were investigated at Woodcliff Lake, New 
Jersey (Solomon and Kroener 1971). These show a recent decline in her
baceous pollen as a result of farm abandonment and ensuing suburban 
development.

Pollen is a valuable tool for vegetation analysis because it 
can be treated as. a numerical measure of vegetation change. However, 
relative pollen frequency (RPF) data can be misleading. If the per
centage value of one pollen type rises, then the percentage value of 
another type will fall to keep all values scaled to fit 100%. This 
change in the percentage value may not reflect any change in vegetative 
conditions. Elimination of these statistical constraints can be 
achieved, through the measurement of absolute pollen frequencies (APE) 
of one kind or another.



3Pollen concentration (pollen/cm or pollen/g) is the most easily 
measured value. Of course, changes in sediment accumulation rates can 
induce pollen concentration variability not associated with actual 
changes in pollen influx by diluting or concentrating the number of pol
len grains per unit volume or weight. When pollen concentration meas
urements are combined with data on sediment accumulation rates, a measure 
of the pollen deposition rates (grains/cm^/yr) results. This may be 
termed, "pollen accumulation rate" or "pollen influx." Because sediment 
accumulation rate is part of the measurement, the variability in pollen 
concentration values it induces.is neutralized. These approaches allow 
real changes in vegetation to be detected, since each pollen type can be 
evaluated independently of others in the same spectrum.

. M.. B. Davis and Deevey (1964) measured pollen accumulation rates 
in Rogers Lake, Connecticut, to eliminate the over- and under
representation of the vegetation which occurred when percentage values 
were used (M. B. Davis and Goodlett 1960). The primary assumption of 
this paper was that the sedimentation rate remained constant during in
tervals between dates. The paper did indicate that accumulation 
rates of pollen might be more objective in determining the "absolute 
abundance of plants on the landscape" (M. B. Davis and Deevey 1964, p. 
1295).

M. B. Davis (1967a, 1969b) pursued the goal of obtaining a more 
valid measure of the vegetation through APE studies. She showed that 
low pollen accumulation rates prevailed at Rogers Lake from 12,000- 
14,000 years ago, and that these were replaced by much higher accumula
tion rates of tree pollen 9,000 years ago. The accumulation rates of
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pollen demonstrated that tundra vegetation devoid of trees was replaced 
by woodland and subsequent forest. Using RPF percentages, this change 
would not be evident. Indeed, pollen derived by long-distance transport 
would dominate the pollen spectrum and would be hypothesized as the 
local vegetation. The development of pollen accumulation rate method
ology eliminated the use of qualitative judgments by replacing them with 
quantitative data.

In her 1969a paper, M. B. Davis discussed the benefits of pollen 
accumulation rates over EPF values for representing the "real" vegeta
tion. The ultimate goal is to trace migration of individual species 
through use of accumulation rates over a wide area. Fossil assemblages 
of plants having no modern analogue are unconvered by this approach.

The method of measuring pollen accumulation rates was developed 
on sediment from Rogers Lake. Numerical pollen data were obtained, but 
the relationship of these data to the actual, density of vegetation had 
yet to be defined. This prompted another series of studies to quanti
tatively relate the vegetation to pollen accumulation rates.

The first of these was conducted by Haddington (1969). She 
evaluated historic records of vegetation since the 1850 *s and compared 
them with plant distribution data collected in this century. Plant suc
cession had occurred even in the short span of 100 years, evidenced by 
a change in the dominant tree species. Correlation of the vegetation 
and the pollen accumulation rates was successful due to possible vari
ation in the sediment influx which produced a five-fold increase in the 
pollen influx of the uppermost zone over the lower zones.



Further investigations in relating vegetation density to pollen 
accumulation were aimed at limnological variations (M. B» Davis, 
Brubaker, and Beiswenger 1971). They found differential sedimentation . 
patterns for (1) different pollen types, and (2) different proximities 
of plants to the collecting.basin„ Pollen types with high specific 
gravities seemed to concentrate in the deepest portions of the basin. 
Pollen types of local shoreline plants do not move to depths, but are 
incorporated in the.near-shore sediments. Regional vegetation is re
corded by pollen in deep water lake sediments, but only crude estimates 
of vegetation parameters can be made. The wind of southern Michigan 
carries arboreal types a long way and its incorporation appeared fairly 
uniform in all lakes investigated. Davis et al. (1971, p. 466) conclude 
"the patterns of distributions of pollen percentages within the lake 
that we are observing are controlled by limnological factors rather than 
by distribution of nearby terrestrial vegetation", referring to the 
distribution of local pollen. It also states further study must be done 
to investigate . . limnological factors responsible for more or 
less uniform deposition of tree pollen in southern Michigan . . .  (p. 
467)."

M. B. Davis, Brubaker, and. Webb (1974) studies 29 lakes through
out southern Michigan. Pollen samples were obtained from the surface 
sediment of each lake and compared with basal area measurements of tree 
species in the surrounding vegetation. They found that ". . . vegeta
tion differences at the community level will be easily discernible, in 
the fossil record . . .  (p. 15)." The accumulation rates for various
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plant communities in southern Michigan (Table 3, Davis et al., p. 16) 
were then applied to the Rogers Lake core to obtain . . approximate 
population estimates . . . (p. 17)." This allowed converting a fossil 
pollen record into numbers of trees. It may be a somewhat crude meas
ure, but with further refinements in calibration, precision will follow. 
For example, problems such as dispersal distance and pollen contribu
tion per tree still require calibration, before pollen accumulation rates 
of a genus can be translated into tree density. Determining AEF re
quires adding a known amount of exotic pollen to a sample (Stockmarr 
1971) or withdrawing a volumetric aliquot (M. B. Davis 1966). The pro
portion of exotic to native pollen examined provides a measure of pollen 
concentration in a given volume of sediment. The pollen concentration 
(pollen/cm^) is divided by the number of years per. centimeter of sedi
ment determined from the sedimentation rate. This results in an APF

' ' ■■ 2 value measured in grains/cm /yr.
Various methods of obtaining sedimentation rates have been used. 

The most prevalent is the use of series of radiocarbon -dates at inter
vals down the stratigraphic column. This method has two major disad
vantages: (1) it is very expensive, and (2) dates obtained may be 
incorrect by as much as 1000 years (Brubaker 1975). The precision of 
this method is thereby limited.

Varved sediments can also provide sedimentation rate data. A 
varve is a couplet that represents an identifiable annual sediment in
crement . Varves can be either organically or mechanically deposited 
(Flint 1971). Varved sediments eliminate the need for radiocarbon
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dates and reduce the cost of APE investigation. Varve counts are also 
more precise and are a more accurate measure of sedimentation. The 
varved chronology results in finer time units in pollen influx measure-^ 
meats. Fluctuations that would be averaged over longer time spans are 
thus revealed.

Other investigations have used varves as a time determinant. 
McAndrews.et al. (1974) used the varve stratigraphy of Crawford Lake for 
pollen.analysis to ascertain the vegetational history of the region.
For example, they found evidence of two periods of local agriculture 
which can be precisely dated by varves.

Craig (1972) and Swain (1973) both investigated'the varved sedi
ments of Lake of the Clouds, Minnesota. Craig traced the vegetational 
history of the region for 7000 years through the use of pollen analysis. 
Swain correlated vegetational changes with fire occurrence during 1000 
years as recorded by charcoal deposits. Both found the use.of varves 
more accurate and precise than those of radiocarbon, dates for the same 
reasons as recounted above.

I analyzed pollen from the varved sediments of Seneca Lake to 
(1) measure vegetational response to land use during the past 800 years, 
and (2) to examine the inherent variation of pollen influx values in 
small time-sediment increases.



THE SITE

The site for this study had to meet several criteria. First, 
the collected: sediments must be varved, thereby, producing the needed 
yearly chronology. A non-mixing lake is needed to produce varves (Flint
1971). The lake can be deep, generally over 30 m, with thermal charac
teristics to retard seasonal mixing of sediments which destroy varves.
A chemically stratified lake with differential density will have the 
samei effect. The sediment-disrupting activity of benthonic organisms 
must be minimized (R. B. Davis.1967). Benthonic organisms ate limited 
in deep water due to decreased oxygen. To measure the local pollen rain 
which reflects the nearby land use, I sought a moderate-sized lake basin 
of great depth. The influence of local vegetational variation, and minor 
variations due to land use (Tauber 1965), are recorded by pollen there, 
but major changes in vegetation or land use should not have been as 
evident. Seneca Lake, New York, met these requirements, with a maximum 
width of 5 km, and a maximum depth of about 200 m.

Seneca Lake is the deepest of the New York Finger Lakes. A re
search, vessel with a piston corer was available for use there. The vil
lage of Watkins Glen, at the south end of the lake, has a latitude of 
42°23 *N and a longitude of 76°53 *W. The city of Geneva, at the north 
end.of the lake, has a latitude of 42°53’N and a longitude of 76°59,W 
(Figure 1). Figure 2 shows the south end of the lake with depth contours 
(Sass 1973) and core collection locations. Most of the cores were

10
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collected at the deepest portion of the lake to recover sediments of 
maximum thickness and continuity (Potzger 1956).

Seneca Lake is 135.3 m (444 ft) above sea level, 55 km long, 
ranges from 2-5 km wide with a surface area of 188.6 km^ (67.7 mi^), and 
has a drainage basin of 1963.89 km^ (707.7 mi^). This basin is much 
smaller than Lake Ontario, used by McAndrews (1972), and is larger than 
the lakes used by M. B. Davis et al. (1974). The limnologic parameters 
of Seneca Lake are not well known. Berg (1963) lists chemical data for 
Seneca Lake collected at the north end of the lake. Further work done 
by Woodrow, Blackburn, and Monahan (1969) revealed that chemical concen
trations parallel bathymetric contours. The deepest portion of the lake 
contains low pH values (6.0), very low oxygen values (.1 ppm), high sul
fide values and very high chloride values (1000 ppm) . Shallow water 
values by contrast are high in oxygen and low in both chloride and 
sulfide.

Sediment distribution also paralleled bathymetric contours ac
cording to Woodrow et al. (1969). The sediments were divided into three 
groups, near-shore sediment, lake-slope sediments, and deep-lake sedi
ments . The near-shore sediments are relatively coarse-grained, dense, 
brown, blue-gray or gray in color, with high shear strength. The lake- 
slope sediments are fine-grained, brown, and cohesive with intermediate 
density and shear strength.

The deep-lake sediments, most.pertinent to this study, contain 
primarily clay-size particles. These clays consist of laminated light

Oand dark layers. Their density approximates unity (1 g/cm ) and they 
have little shear strength. The authors hesitate to label these
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laminated sediments "varves" because evidence for annual couplet origin 
is lacking. The samples were set sieved so clay and silt sizes could 
not be differentiated.

I performed a pipette analysis using Folk’s method (1968) on 
ten samples of laminated clays taken from core MK:3  ̂ The size fraction 
distribution characteristic of all these samples,, shown in Figure 3, is 
bimodal. Forty-one percent of the grains range from 5$ to 7^ in size. 
Forty-four percent • of the grains range from 85$ to 10<5 in size. Flint 
(1971) states that a bimodal distribution of particles is characteristic 
of varved sediments. These samples were analyzed using small amounts 
of sediment (%2 g). The use of larger samples requires removing all 
salts from the sediment; otherwise, the sample obtains a "gel-like" 
consistency and gives uniform results for all size fractions because the 
material is held in a colloidal suspension.

Seneca Lake and Cayuga Lake 15 km to the east, discussed at 
length by Berg (1963) share many characteristics. Both lakes are "Finger 
Lakes" carved deep into the bedrock by the Wisconsin glaciation. The 
same stratigraphy is exposed in the basins of both lakes. Both Seneca 
Lake and Cayuga Lake most closely fit the warm monomictic condition of 
Hutchinson (1957), but other conditions also come into play. The.high 
Na, K, and Cl levels in these lakes is unusual. It has been hypothe
sized that thin salt beds were exposed beneath water level during the 
last glacial:advance, and these constantly put salt into the lake. This 
would account for Berg’s Cl value of 86.5 ppm obtained from water sam
ples, and the sediment Cl value of 1000 ppm at depth obtained by Woodrow 
et al. (1969).



15

4Ch

30-
%

5 $ 8 f t  S  io

Figure 3. Histogram of Sediment Size.



16

Logs from gas storage wells (permits #3940 and 4440, Kreidler
1972) show Silurian salt beds are shallow enough to have been cut by the 
Wisconsin glaciation, as suggested by Berg (1963). Another suggestion 
involves salt input through conate water seepage into the lake. Both of 
these hypotheses are possible because the depth of the lakes allows them 
to contact paleozoic layers. A chemical layering, or meromictic, condi
tion at depth would prevent water mixing due to a density gradient and 
allow varve formation. In this case, chemical, not thermal, stratifica
tion would be responsible for varve formation.

The drainage basin of Seneca Lake today consists mainly of 
Devonian siltstones and shales. The south ends of the lakes were ori
ginally dammed by the valley head moraines (Muller 1965). These moraines 
persist today with other glacial features such as hanging deltas, hanging 
valleys, and other morainal deposits.

As the glacier advanced from the north, it lost a great deal of 
its erosive power at its southernmost extremities (White 1972). For this 
reason, the elevation of the land at the south end of the lake is greater 
than that at the north end of the lake. The north end of Seneca Lake is 
in the Erie-Ontario Lowlands physiographic province, whereas the south 
end of the lake is in the Appalachian Highlands. These two physiographic 
provinces have different bedrock and soils, as well as different general . 
topography. Differences in these factors influenced the developing 
vegetation.



THE VEGETATION

During the Wisconsin, glaciation, there was no vegetation in the 
region. Today’s vegetation has developed since the retreat of the last 
glacier. Plant macrofossils have been found in some bogs (Cox 1959; 
Miller 1973), but much more of the vegetation history has been obtained 
from pollen studies. M. B. Davis (1965a) synthesized most of the work 
done in the northeast.

The classification in Table 1 summarizes the history of the 
vegetation recorded by pollen. It was first devised by Deevey (1939), 
but has been modified by each worker to suit his own needs. Radiocarbon 
dates for boundaries, found in Table 1 are. taken from studies done in 
central New York state (Miller 1973; Cox 1959, 1965).

There are basically three zones—-A, B, and C. The A zone is a 
Picea zone, B is a Pinus zone, and C is a Quercus zone. In western New 
York, these zones have been described from bogs by several workers. The 
first pollen investigation in this region was conducted by McCulloch in 
1939. Subsequent investigations include those by Cox (1959, 1965), 
Phillips and Phillips (1973), and Miller (1973). Miller’s work is the 
most recent. He does not differentiate subzones within the A or B zones 
for this region. He does differentiate a C-l, C-2, and a C-3 subzone, 
and divides the C-3 subzone into C-3a (Quercus with Tsuga increase + 
Faeus decrease) and C-3b, marked by a rise in nonarboreal pollen (NAP) 
concomitant with European agriculture. These last two are described for 
Seneca Lake below.

17



Table 1. Eastern Pollen Zonation.
Zone

New England 
Vegetation Type3 Zone Central New York^,B Radiocarbon Dates

C3 Oak-Chestnut C3b

C3a

Marked by a rise in NAP

Oak-Tsuga increase and 
Fagus decrease

1830-present^
1270 + 97 - 18302; 3200 + 1003»5 
(Protection Bog)

c2 Oak-Hickory C-2 Oak-Tsuga decrease and 
Fagus increase

4390 + 110 - 1270 + 95; 6850 + 150 - 
3200 + 1003>5 (Protection BogY3

G1 Oak-Hemlock C-2 Oak-Tsuga ? - 4390 + 110; - 6850 + 1503>5 
(Protection Bog)2

®2

B1

White pine-Oak 
Jack and Red pine

B High Pinus
9030 + 150^ (Protection Bog)3

A4

A3

Spruce-Fir sub-zone 
Spruce and 3% Oak

A High spruce

A2 Spruce and 10% Oak

A1 Spruce base
Z Low spruce-high NAP

11,880 + 730; 11,410 + 1103(Houghton Bog)2
1After M. B. Davis (1965b)
2After Miller (1973)
3Cox (1959, 1965)
^Based on settlement data (Turner, 1849)
3Cox notes that these dates appear to be too old and cites carbonated contamination as the reason. 
^This date is from the midpoint of an undifferentiated B zone. 18
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Miller notes that his zones do not correspond in detailed mean-r 
ing'with the classic New England classification due to differences in 
regional vegetation. The same rationale can be applied to the Seneca 
Lake cores. The cores show a 800-year chronology, which is within the 
C-3 zone of all pollen work for the east.

Pollen diagrams illustrate the changes in forest composition in 
the past. Various classifications have been devised to describe the 
forest composition today. Most of these are a reflection of the climax 
concept (Clements 1916). Table 2 shows scientific names (Fernald 1950)
I have used in place of the common names used by several authors cited 
in the text.

Shantz and Zon (1924) devised a vegetation map for the United 
States which appears to be based on observed vegetation. They suggest 
that two communities occur in Seneca Lake basin (Figure 4). The north
ern hardwoods forest was to the south, east, and part way up the west 
side of the lake. The forest occurs mainly on fresh, well-drained, and 
fertile soil, and is composed mainly of Betula, Fagus, Acer, Tsuga, with 
a mixture of either Picea, Abies, Fraxinus, Ulmus, Tjlia, and Pinus 
strobus with Larix substituting for Pinus strobus, or Quercus rubra, 
Betula papyrifera with Populus substituting for Betula papyrifera.. The 
rest of the basin is occupied by the Quercus, Castanea, Populus commu
nity with various other species depending on whether the stand was lo
cated on a ridge, slope, or in a cove. On ridges additional species 
such as Pinus rigida, P_. pungens and P_. echinata, Quercus coccinea, and 
Q̂. velutina and Nyssa sylvatica are found. Ridges are usually
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Table 2. Common. Name Equivalents (after. Fernald, 1950).
______ Scientific Name ____________    Common Name

Abies balsamea Balsam
MapleAcer

A. rub rum or. A. sac char inum
A. saccharum
Aesculus
Betula
EL lenta
B_- lutea
B_. papyrifera
Carya -
Castanea dentata
Cornus florIda
Corylus
Cucurbita
Fagus grandifolia
Fraxinus americana
Halesia
Juglans
J_. nigra
Larix
Leguminosae
Liriodendron Tulipifera 
Magnolia acuminata

Soft maple
Sugar maple, Rock maple
Buckeye
Birch
Black birch
Yellow birch
Paper birch
Hickory
Chestnut
Dogwood
Hazel
Squash
Beech
Ash
Silverbell tree
Walnut
Black walnut
Tamarack
Pea Family
Tulip tree
Cucumber



Table 2, continued.
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Scientific Name Common Name
Nyssa sylvatica
Oxydendrum
Picea
Pinus
P_. echinata 
P_. pungens 

rigida 
P_. Strobus
Platanus occidentalis
Populus
Prunus sp.
]?. persica 
P_. serotjna 
Pryus sp.
Quercus alba
2.. coccinea
2.. Prinus
2.. rubra
2_. velutina 
Robinia
Thu.jua occidentalis 
Tilia americana

Black gum 
Sourwood 
Spruce 
Pine
Short-leafed or yellow pine
Table Mountain pine
Pitch pine
White pine
Buttonwood
Aspen, poplar
Plum
Peach
Black cherry 
Apple 
White oak 
Scarlet oak 
Chestnut-oak 
Red oak 
Black oak 
Locust 
Arbor vitae 
Basswood
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Table 2, continued.

Scientific Name. Common Name
Tsuga canadensis Hemlock
Ulmus Elm
Zea Mavs Corn
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Figure 4. Community Divisions of Shantz and Zon (1924).
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dominated by a single species. Coves usually have additional species 
of Populus, Tsuga, Tilia, Betula lenta. Magnolia acuminata, Fraxinus, 
Aesculus, Quercus alba, 2.. rubra, Nyssa sylvatlca, Cornus Florida, Oxy- 
dendrum, Halesia, and Pinus strobus. Coves, like ridges, are usually 
dominated by one species. Species composition on slopes is intermediate 
between that found on the ridges and that found in the coves. Figure 4 
shows the area that these two communities occupy,

Braun (1950, fide Bray 1930 and Brown 1921) described the vege
tation differently. Her classification involves two communities (Figure 
5). In the immediate vicinity of the lake is a zone dominated by Casta- 
n.ea, Quercus, Carya, and Liriodendron tulipifera. The other zone covers 
the basin beyond two miles from the water's edge at the east, west, and 
south. This community: consists of Acer saccharum, Fagus, Betula, Pinus 
strobus, and Tsuga. Braun attributes the extension of the oak-chestnut 
association into this region to the gravelly nature of the soils. The 
northern hardwood forest association in this portion of the state is 
subject to infiltration of some southern species up the river valleys 
cut. by glacial runoff. This provides this section of New York with 
more variety than is usual in the northern hardwood forest.

Another vegetation classification was devised by Stout (1958) 
showing existing vegetation (Figure 6). Stout divides the basin into 
four sections. These are the Eastern Lake Plain, the Southern Finger 
Lakes, the Tioga Uplands,.and the Chemung section.

The Eastern Lake Plain is defined by occurrences of Ulmus and 
Acer saccharinum stands making up the bulk of the remaining forests. 
These are especially common to moist regions. On drier, well-drained
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slopes9 Quercus and Carya have become established. Other species that 
can be found are Fraxinus, Tilia, Juglans, Acer saccharum, and Lirio- 
dendron tulipifera.

The Southern Fingers Lakes region is characterized by the wide
spread occurrence of Quercus, There are also some stands of Finns 
strobus, Tsuga, and the pure northern hardwood association of Kuchler 
(1964), in recent years, large numbers of Picea have been planted.

In the Tioga Upland, Quercus is again the most widespread tree 
found in the region. Other trees in the vicinity include Fraxinus, Acer 
saccharum, Tilia, and. Prunus serotina. Tsuga can be found in riparian 
locales.

In the Chemung section, Quercus stands are found on south-facing 
slopes (Appalachian oak community of Kuchler 1964) and the northern hard
woods community (Kuchler 1964) is found on the north-facing slopes. Com
pared with other parts of the basin, this region has a paucity of Acer 
saccharum.

Kuchler (1964) divides the basin into three basic communities 
(Figure 7). At the north and south ends of the basin, the northern hard
woods association occurs. This consists of Acer, Betula, Fraxinus, and 
Tsuga. The central part of the basin is categorized as being Appalachian 
oak forest. This is the oak-chestnut association of other authors. A 
small section of the basin along the east side is covered by beech-maple 
forests. This map is the most recent and appeared, from my field obser
vation, to be the most accurate.
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SETTLEMENT

Man’s activities alter the environment. He clears forests, 
sometimes selectively* He plants fields and orchards« He also brings 
his favorite decorative plants into new areas. Such vegetation changes 
should be reflected in the pollen record. The Seneca Lake drainage 
basin has probably been occupied by man for at least 800 years.

The Iroquois Nation was formed in the sixteenth century. Prior 
to that time, the various tribes occupied the same regions, but had not 
unified into a single nation. Seneca Lake bears the name of the tribe 
that inhabited its basin. The Seneca were part of the Late Woodland 
Tradition (Griffin 1964) of the anthropologic, development which dated 
from about 1000 A.D. An Archaic site (c. 6450-3250 YBP) of Indian set
tlement found by Ritchie (1969) at Seneca Falls attests to the early 
occupation of this region.

The French were the first Europeans to make contact with the 
Iroquois of western New York. Jesuits and French traders and trappers 
were allowed into Iroquois territory, but their presence was not encour
aged (Turner 1849).

The English had colonized New York State in the wake of the 
Dutch, whose colonies were along the Hudson River. In 1742, the English 
made a treaty with the Iroquois defining boundaries beyond which white 
men would not move (Bertram 1973). Figure 8 shows a number of major In
dian settlements of the period in the Seneca Lake basin. Two Indian set
tlements were in the Seneca Lake drainage basin, as reported by Bertram
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(1973). These were Saniadaditio (GA-DI-0DSI-YA; Peach Orchard)* and 
Kanadasega (Geneva). With the signing of the Declaration of Independence 
in 1776? the Iroquois Nation declared its neutrality, but the Seneca and 
the Mohawk sided with the English against the colonists (Turner 1849).
The American Sullivan Expedition followed the Susquehanna River west to 
Newtown (Elmira) and then proceeded north into the Seneca Lake drainage 
basin to eliminate Indian participation'in the war. The army looted and 
burned everything in its path. The diary of Lt. William Barton (Cook 
1887) states that the major foodstuffs were fruit from established or
chards, Zea Mays (corn), Leguminosae (beans), Cucurbita sp. (squash), 
and nuts gathered.from trees, in the region. These crops and orchards 
of Prunus persica (peach), Pyrus sp. (apple), and Prunus sp. (plum), 
found along the east side of the lake, were destroyed by the invading 
army.

The diary of Thomas Grant (Cook 1887) probably yields the best 
information with regard to forest composition. Grant was a surveyor 
more interested in the land than in the fortunes of war. He notes 
Pinus strobus and Tsuga swamps accompanied by Acer saccharurn and Juglans 
on the bottomlands. The east side of the lake had Quercus alba, Cary a, 
Juglans, Robinia, and others. Fraxinus, Corylus, Pinus strobus, P_° 
echinata, Juglans nigra, Fagus, Platanus, and Tilia were listed in other 
diaries. Many diaries indicate that the destroyed villages seemed to 
have been established for some time. There were a number of burial 
"sepulchersn, probably of important chiefs, at Kendaia (Figure 8) at
testing to its age. Kanadasega (Geneva) was a sizeable town, apparently
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a Seneca capital, where crops and fields were all destroyed. In all, 
the Sullivan Expedition recorded six Indian settlements in contrast to 
the two of Bertram.

Two major routes of European influx were utilized for post
revolution settlement. The first of these was from the Mohawk Valley 
west to Buffalo. People moved along the Niagara escarpment north of 
Seneca lake to settle the Great Lake lowlands. They generally did not 
penetrate the more rugged terrain of the Appalachian Plateau to the 
south. Other settlers followed a second route north from Pennsylvania, 
along the Susquehanna River and along its tributaries west. This re
sulted in the formation of many of the settlements along the Susquehanna, 
Cohocton, Canesteio, and Chemung Rivers, all south and west of the 
Seneca Lake basin (O'Callaghan 1850).

The first recorded settlement by Europeans of the Seneca Lake 
basin was in Milo in 1790 (French 1860). This was a Friends settlement 
founded by Jemima Wilkinson and was composed of about 100 people. In 
1802 the town of Geneva was incorporated. This was a main stopping place 
for all points west. Catherines town was incorporated in 1804 (French 
I860). Settlement around the north end of the lake proceeded much 
faster than around the southern portion. Geneva rapidly grew into a 
thriving metropolis. The southern end of Seneca Lake was not on any 
major travel route, so its settlement proceeded at. a much slower rate.

In 1825 (Turner 1849), the Erie Canal was completed, allowing 
rapid transport to Buffalo, Albany, and New York. This made farming 
economically feasible along the Finger Lakes. Prior to this, only



33

subsistence farming occurred in western New York, except along the river 
systems flowing to large cities such as the Susquehanna drainage.

In 1790, there were 24,000 people in the whole of western New 
York (Turner 1849). By 1840, there were a little more than three times 
that number of people in one-third of the area (U. S. Bureau of the Cen
sus Population 1840).

Small towns such as Reading and Burdett were incorporated in 
1806 and 1802 (French 1860), respectively. These were composed of only 
three or four families. They exist today and their populations still 
don't exceed 500 (Rand-McNally Commercial Atlas and Marketing Guide 
1976). Watkins Glen at the southern end of Seneca Lake was established 
in 1842, and is the largest town in the southern lake region today with 
a population of about 2500.

After the initial population influx following the completion of 
the Erie Canal in 1825 population and agriculture in the Seneca Lake 
region stabilized until 1940. A small decline in agriculture in 1870 
(Figure 9) may have resulted from farm abandonment during the Civil War. 
A small increase in agriculture from 1930-1940 may be due to the Great 
Depression, which forced people back to subsistence agriculture.

Until 1840, county boundaries around Seneca Lake continued to 
change every ten years or so. They finally stabilized in their present 
configuration in 1840 (Map Reference Collection, The University of 
Arizona). Figure 9 shows total population size changes for the four 
counties bordering Seneca Lake as well as changes in intensity of agri
culture. Until 1940, there was little population growth in any of these
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countieso Ontario Countys in the last 30 years, has undergone a greater 
population increase due mainly to growth of the city of Rochester, New 
York. With the urbanization, a corresponding drop in agriculture is 
evident in the same county« Only slight increases in the population of 
the other counties can be seen, with some decline in the amount of agri
culture. In. 1969, 57% and 70% of the land area of Yates and Seneca 
Counties, respectively, were in agriculture. Land-use tabulations by 
Child, Oglesby, and Raymond (1971), based on aerial photographs show 
42.5% of the basin undergoing active agriculture, with 35.1% of the land 
covered by forest.

A small post-war population rise in these counties has been ac
companied by only a 1% decrease of active agriculture in the region 
based on census of agriculture data. It is doubtful that such a small 
change in the amount of agriculture will be evident in the pollen record.



METHODS

The cores used in this study were obtained at various times 
from 1973 throughout 1975 with equipment provided by the College Center 
of the Finger Lakes. The cores were collected on a 65-foot, 38-ton 
steel-bottomed ship designated as the "504". It was equipped with a 
gasoline-powered winch, over 185 m (600 ft) of steel cable, and an Al
pine Piston Corer #202 weighing 68.04 kg. The corer contained a 3.66 m 
coring pipe and a liner with a 3.49 cm inside diameter. An approximate 
location for coring was chosen and then, using a sonic depthfinder, the 
deepest part of the lake basin at that locale was determined.

A sampling station was precisely located by triangulating the 
ship's position from known shoreside landmarks with a Bausch and Lomb 
range-finder mounted in the bow of the ship. The assembled corer was 
raised by the winch, manually guided over the side of the vessel, and 
dropped. The corer was propelled by gravity. During descent, it was 
maintained in an upright position by fins on the body that were parallel 
to the axis of the corer. A weight was suspended below the assembled 
corer by a rope attached to a triggering arm. Thus, the weight hit 
bottom first, and triggered the piston in the corer. This step was 
necessary in order to minimize compression of the sediment at the top 
of the core when sediment was driven into the polyvinylchloride core 
liner. The winch was then activated to pull the corer from the lake 
bottom.
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The core liner was removed and capped at both ends• Sediment 
loss from the bottom of the core was usually about 10% of the core tube 
length. The cores were stored upright in a cool area until the sediment 
could be extruded. The optimum storage temperature was assumed to be 
about 4°C9 the temperature of the water at the bottom of the lake. The 
upright position prevented varve destruction by mixing9 and the cool 
temperature retarded varve oxidation.

The first three cores collected were sent to Tucson and extruded 
using various methods. The best results were obtained by cutting the 
3.66 m (12 ft) core liner into three approximately equal segments. The 
sediment was then forced out of each segment of the liner by use of a 
hard stopper having the same diameter as the inner core. This was 
pushed from one end of the liner to the other with a dowel rod. This 
method worked best when two people worked together. One person con
trolled the dowel rod, while the other controlled the core liner and the 
extruding sediment column. The sediment column was extruded onto a 
clean, paper-covered surface. The paper was used to mark and label the 
core during the sediment division procedure. This reduced contamination 
and facilitated clean-up.

Several methods of sediment division were attempted. Thin and 
occasionally indistinct varves were difficult to see and to count. After 
one or two hours, oxidation of the dark layer occurred, which obscured 
varves. The best method consisted of slicing off cross—sections of core 
at approximately 1 cm intervals and then splitting them longitudinally 
to count the number of varve couplets per unit. This minimized the rapid
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oxidation rates in the core segment while varve counts were being made. 
The oxidation rate could be slowed by working in a cool area and cover
ing the extruded core segment with cool, damp towels.

Sample numbers, the length of the segment, and the number of 
varve couplets were recorded. The samples were then placed in small 
plastic bags and subsequently frozen to preserve them.

The core designated as DS:2 was analyzed for pollen. A known 
amount of exotic pollen (Eucalyptus and Lycopodjum) was added prior to 
extraction in order to determine absolute pollen frequencies (Stockmarr 
1971). Next, a modified version of standard extraction procedure (Faegri 
and Tversen 1964) was. used to remove the pollen from the sediment (Ap
pendix A). The pollen was stained with basic fuchsin and mounted in 
glycerol. A 250-grain count of arboreal pollen was made by traversing 
the coverslip at regular intervals using a Zeiss binocular research 
microscope. Because large amounts of colloid were present, scanning was 
done at 400X and detailed examination occasionally was made under oil 
emersion at 1000X. The pollen grains were identified using pollen keys 
(Kapp 1969; McAndrews, Berti, and Norris 1973; Erdtman 1961) and identi
fied taxa were compared with, those in the pollen reference collection of 
the Laboratory of Paleoenvironmental Studies, The University of Arizona.



RESULTS

Relative pollen frequency (RPF) values were calculated by di
viding the number of pollen grains for each genus by the total pollen 
sum and multiplying this value by 100 (Figure 10). An examination of 
Figure 10 shows the vegetation to be essentially stable throughout the 
time span covered by the core. Figure 11 again shows RPF values with 
their associated confidence intervals. These were calculated after 
Mosimann (1965), using the formula:

p = P = (3.84/2n) ± 1.96 P(l-P)/n + (3.84/4n2)
1 + 3.84/n ,

yv -
where P was the sample percentage, and n was the number of pollen grains 
in each sample.

A pollen spectrum was generated by finding the pollen percentage 
for each species which most commonly occurred within confidence intervals 
for all samples of that species. This pollen spectrum is composed of 
45% Pinus, 25% Quercus, 5% Tsuga, 3% Castanea, and 3% Acer. The spe
cific percentages for Pinus, Quercus, and Tsuga appear in more than two- 
thirds of the confidence intervals for these taxa in Figure 11, whereas 
the 3% value for Acer appears in four-fifths of the Acer confidence in
tervals, and the 3% Castanea value appears in nine-tenths of the Casta
nea confidence intervals.

As seen in Figure 10, there is an increase of Gramineae and 
Ambrosia in the uppermost samples. This is characteristic of heavy
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disturbance and usually is associated with European agriculture. How
ever s a chronological discrepancy occurs. The first increase should 
occur around 1810, based on settlement data. The curve actually rises 
in 1962, based on varve counts.

Here, the unique limnologic parameters of Seneca Lake are im
portant. In very deep water (over 150 m), a fathometer records two 
traces of the bottom. The uppermost is a "soft1' trace of variable dis
tance above the second "hard" trace. Nansen bottles triggered 4.5 m 
above "hard" bottom returned muddy water. From this, it has been sug
gested that there is a false bottom about 10 m deep in the deep portions 
•of Seneca Lake, which is made up of a colloidal suspension of fine 
particles giving the "soft" trace on the fathometer.

This false bottom may have no effect on pollen records at all, 
and merely be soft sediment that will compact with time. This means 
that the 10 m of colloid is merely an extension of the sediment laid 
down in horizontal layers and represents about 150 years of deposition 
which is missing from the uppermost portion of the core. This may ac
count for the discrepancy in the time frame of the Ambrosia rise.

It is reasonable to assume that the uppermost portion of core 
DS:2 is absent. The time.sequence is therefore modified. The first NAP 
increase has been determined as 1810, based on settlement records. This 
date was arrived at by adding 20 years to. the earliest record of settle
ment at Milo in 1790, and it accounts for the lag time of land clearing 
responsible for the NAP increase (M. B . Davis et al. 1974). Other dates 
in a. number of the figures are based on varve counts varying from the 
base year of 1810.
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Based on the Gramineae and Ambrosia increase, the diagram was 
divided into two subzones. The forest composition did not change across 
the subzone boundary, but only responded to the addition of nonarboreal 
components. This results in an 18% decrease in the summed percentages 
of Quercus and Pinus pollen with an accompanying 13% rise in the NAP 
percentages. Subzone 1 characteristically contains less than 2% Am
brosia. Subzone 2 contains greater than 2% Ambrosia pollen.

Within Subzone 1, there is a Gramineae increase above the normal 
1% level to a value of 4.'2% in the year 1575. This exceeds the 3% 
Gramineae value found in Subzone 2, but is not accompanied by the Am
brosia rise usually associated with European agriculture. This may be 
indicative of Indian agriculture (McAndrews et al, 1974). Background 
values of both Gramineae and Ambrosia are about 1% and only exceed the 
2% value as noted. The remaining NAP profiles {Compositae and Cheno- 
podiaceae and Amaranthaceae types (Cheno-Am)} remain below 2% and they 
rarely exceed 1%.

The arboreal pollen profiles show consistent variation. Changes 
are of greater magnitude and are more frequent than those of the non
arboreal components, but these changes appear to be merely variations 
around a mean value.

The profiles of Alnus and the Thuja and Juniper types (Thu-Jun) 
never exceed 1%.

Alnus occurs very rarely in the drainage basin, accounting for 
its limited occurrence. Thu-Jun occurs more frequently, mostly in the 
form of Thuja occidentalis. These pollen types are easily degraded and 
probably were not preserved.
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Salix, Ostrya-Carpinus, Picea, Ulmus, and Juglans never occur 
in quantities greater than 2%. All of these genera occur within the 
Seneca Lake.drainage basin today.

Corylus occurs at intermittent intervals throughout the records. 
It rarely attains values of more than 1% except for the sample of about 
1690. In this isolated sample, Corylus rises to 8%. This may be the
result of incorporation of an isolated Corylus flower within the
sediment.

Fagus, Tilia, and Carya all exceed 2% at some time, while main
taining a 1% mean value. Fraxinus maintains a mean value of about 1.5%, 
while Platanus and Betula have mean values of about 2%. These genera 
occur consistently throughout time, and at about the same value.

Acer and Castanea attain mean values of 3%, These types occur 
consistently. There is no sample for which either type is. absent. The 
Castanea value.in the surface sample is above 2% and shows no tendency 
of decline throughout the profile.

Tsuga has an average value of about 5% and shows the greatest 
amount of fluctuation. It ranges from values of 2.7% to 14%. Tsuga is
the genus most apt to reflect climatic fluctuation.

Pjnus and Quercus together account for about 70% of the total 
pollen deposited. The amounts are great and so is the degree to which 
they vary. Pinus1 has a mean value of about 45% and a range of 31% to 
72%. Quercus has a mean value of 25% and a range of 10% to 42%. There 
appears to be a relationship between the Pinus and Quercus profiles such 
that any rise in the Pinus profile is accompanied by a corresponding rise 
in the Quercus curve a few years later.
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To test the significance of differences seen between certain 
genera in the RPF diagram, the Spearman Rank Correlation test,

rs - 1 - ,
n (n-1)

where was the difference in the ranks, and n was the number of sam
ples, was appliedo The level of significance was determined using a 
one-tailed Student T test

where rg was the Spearman Rank Correlation Coefficient, and n was the 
number of samples (Siegal 1956)•

The Spearman Rank Correlation coefficients in Table 3 show that 
Pinus and Quercus are inversely related to each other. Neither Pinus 
nor Quercus are positively correlated with other pollen types. In fact, 
they are negatively correlated with almost all other pollen types.

References in the earlier section describing regional vegeta
tion show Pinus occurs mainly in tracts along the ridges. Pinus is not 
the dominant tree in any of the community types discussed.

In the summer of .1973, I investigated the plant communities oc
cupying the Seneca Lake drainage basin using the. line-intercept method 
(Costing 1964). Table 4 shows the importance values (IV) and the per
cent cover for genera observed. Only arboreal genera were measured.

Twenty-five percent of all line-intercept transects (transects) 
were measured on the shoreline. Another 25% of the transects were
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Table 3. Spearman Rank Correlation Coefficients for RPF Values.
Genera 

. Compared
Level of 

.01
Significance

.05
Pinus vs. Acer —. 48

vs. Quercus -.39
vs. Castanea -.36
vs. Fraxinus -.31
vs. Tsuga —. 28
vs. Betula -.27

Quercus vs..Tsuga -.24
Castanea vs. Acer +.41
Betula vs. Tsuga +.34

vs. NAP +.31
Platanus vs. Fraxinus +. 24



Table 4. Present Vegetation Valuesi Importance Values and Percent Cover Values for Three
Different Segments of the Seneca Lake Basin,

Species
Shoreline Streams Uplands Total Basin

% Cover I Value % Cover I Value % Cover I Value % Cover I Value
Robinia 1.61 19.9 15.0 90.0 5.8 30.5 6.7 40.2
Carya 2.2 25.2 3.0 41.0 3.8 36.8 3.0 34.9
Ostrya 1.6 15.7 4.0 33.0 1.2 19.4 1.7 19.9
Ulmus .8 18.3 4.7 69.4 5.6 • 53.1 4.2 47.6
Betula .6 17.9 .6 11.2 1.6 16.4 1.1 15.5
Rhus .9 6.0 3.8 42.6 11.1 80.7 7.1 54.4
Tilia 4.0 33.0 8.3 71.6 1.5 16.2 3.5 31.7
Populus 9.9 65.6 8.5 47.0 5.3 31.4 7.1 43.1
Fraxinus 2.9 47.5 1.1 22.1 1.3 17.7 1.6 24.9
Platanus 1.0 10.3 .5 11.0 .4 4.9
Alianthus .7 9.7 1.3 7.6 .4 3.9
Acer 4.4 58.8 19.9 114.8 20.0 111.1 16.1 99.2
Cornus .1 8.5 .2 5.4 .3 4.4 .2 10.9
Quercus 5.6 36.2 1.8 23.6 8.5 49.1 6.4 40.6
Tsvga 1.8 16.1 .4 10.8 .1 2.1 .6 7.2
Pinus .3 8.9 .8 6.6 8.3 43.0 4.8 27.1
Picea .2 4.6 2.3 10.3 1.3 6.7 ‘
Salix 28.1 147.9 13.1 86.2 2.7 14.8 11.1 62.4
Aeschulus .6 6.2 .1 1.2
Broussonetia .2 5.4 .03 1.0
Juglans 3.8 37.6 4.0 34.4 2.9 26.4
Alnus .01 1.92 .009 1.0
Typha .4 10.2 .2 5.6
Rosaceae 1.0 18.7 6.7 49.2 3.9 31.5
Convolvulaceae 1.2 14.9 .3 3.7
Vitaceae 1.4 15.3 1.1 22.2 4.1 15.7 2.8 16.9
Unknown .03 4.26 .2 4.5
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measured along streams flowing into the lake, and the remainder of the 
transects were measured at predetermined grid points on uplands along 
both sides of the lake. Figure 12 shows transect locations. In cases 
where grid points occurred in cultivated fields, the nearest forested 
point was measured. In some instances, these were no more than fence 
rows of native plants. Two exceptions were made. One transect was a 
reforested slope planted entirely with Picea. Reforestation has oc
curred in many places throughout the valley. The second transect was 
through a vineyard. Vineyards are prevalent in the valley today but, 
unlike orchards, they are ignored in most vegetational accounts.

Vegetation values were compared between the three different 
types using the rg discussed above. No significant relationship could 
be found, either between transect types or between transect types and 
basin total values. This means that each location type measured added 
a different contribution to the overall regional pattern and that no one 
location type measured is responsible to any significant degree for the 
overall basin composition.

From the KPF diagram, Finns is the most important pollen type 
found in every sample. In the total basin figures, Finns ranks seventh, 
whereas Acer ranks first. Even Quercus ranks above Finns in line- 
intercept footage. Forty-five percent Finns in the pollen.samples is a 
gross over-representation of the amount of Finns in the basin today.

M. B. Davis and Goodlet (196.0) found similar Finns over
representation in Brownington Fond, Vermont, where there was a 10% KPF 
value in the surface sample, but few Pinus trees in the region.
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Figure 12. Locations of Vegetation Transects.
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Tables 5 and 6 show the APF and RPF airborne pollen values for 
stations in the three community types in western New York. These values 
have been derived from raw data for 1953 and 1954 published by Ogden and 
Lewis (1960). The Geneva and Elmira Stations are urban and so their 
values have been subjected to the effects of urbanization. The station 
at Hornell is removed from the city and will in part respond to the near
by agriculture. All stations in Tables. 5 and 6 show very low airborne 
values of Pinus and somewhat lower values of Quercus than those found in 
the Seneca Lake sediments. This may be due to refloatation and subse
quent redeposition of Pinus pollen and may explain its negative rs corre
lation, with a number of genera. It may also derive from differential 
preservation in sediments (Sangster and Dale 1964, Table 2).

Of the three vegetational communities represented by the pollen, 
the Tsuga-Betula rg value (4-. 34) represents a portion of the northern 
hardwoods association and the Acer-Castanea rg value (4*. 41) represents 
the Appalachian oak association. The beech-maple association is not in
dicated by any of the correlations.

Based on the relative pollen frequency diagrams (Figures 10 and 
11), there is one pollen zone composed of two subzones. The subzones are 
differentiated on the amount of Ambrosia present. The zonal delineation 
occurs at a depth of 1 cm from the top of the core and is varve dated 
as 1962, but dated by the Ambrosia rise at 1810. Based on the pollen 
data, the major forest components are Pinus, Quercus, Tsuga, Castanea, 
and Acer.



Table 5. Absolute Pollen Frequencies (APF) of Airborne Pollen Data (Ogden and Lewis 1960).
Geneva

Species 1953 1954 "F™
Elmira Hornell

1953 1954 X 1953 1954 X flb
7.5 49.3

202 222
358.5 368.3
8.5 16.6
35.5 58.6

145"-- -25076-
8 22.3

274.5 502.6
25.5 53.7
75.5 100.3
22.5 41.6
32 67.6
170.5 391.6
296.5 656.3
84.5 240.6
68 570.6

Juniperus
Picea
Pinus
Thuga
Tsuga
Acer'
Alnus
Betula
Carya
Fagus .
Fraxinus
Platanus
Populus
Quercus
Sallx
Ulmus

66
54
69
18
42 

~1U4-
17
227
29
28
21
43 
56 
86
301
496

30
40
96
1

I4A
9
52
20
39
20
12
434
210
7

397

48
47
83.5 
9
21.5 

1.74'" "
13
139.5
24.5
33.5
20.5
26.5 
245 
148 
154
445.5

10 
84 
104 
, 14 
58 

T4B" 
19 
596 
43 
,61 
30 
39 
195 
390 
242 
425

27
84
119
1
4

™ 76" 
6 
84 
18 
22 
9 
47 
149 
690 
3 

260

18.5 
84
111.5 
7.5
31

172
12.5 
340
30.5
41.5
19.5 
43
172
540
124.5
342.5

7
93
230
17
68

150'
3

508
35
115
33
47
240
289
152
69

8
3ll
487
3

I W
13
41
16
36
12
17
101
304
17
67

Gramineae 721 393 557 577 319 448 1123 540 831.5 1224.3
Artemisia 8 1 4.5 5 2.5 6 3 6.6
Ambrosia 1295 1078 1186.5 741 736 738.5 652 599 625.5 1700.3
Cheno-Am 49 36 42.5 21 12 16.5 33 17 25 56.0
Plantago 154 179 161.5 58 90 74 134 158 146 257.6
Rumex 61 41 51 85 62 73.5 141 67 104 152.3
Solidago 11 19 15 16 14 15 29 8 18.5 32.3
Miscellaneous 110 185 147.5 73 199 136 473 223 348 421.0
Abies 7 3 5 1 2 1.5 2 2 2 5.6
Larix 24 12 18 59 8 33.5 568 9 288.5 226.6
Juglans 23 25 24 37 68 52.5 11 7 9 57.0
Tilia 5 20 12.5 6 14 10 8 5 6.5 19.3

TOTAL 4125 3503 3814 4137 3143 3638.5 5236 3208 4222 7783
aX = 2 year average for each city 

= 2 year average for all cities



Table 6. Relative Pollen Frequencies (KPF) of Airborne Pollen Data (Ogden and Lewis 1960).
Species

Geneva Elmira. Hornell xlb1953 1954 H 3- 1953 1954 % 1953 1954 X
Juniperus 1.6 .9 1.3 .2 .9 .5 .1 .2 .2 .6
Picea 1.3 1.1 1.2 2.0 2.7 2.3 1.8 9.7 4.8 2.9
Pinus 1.7 2.7 2.2 2.6 6.3 3.1 4.4 15.2 8.5 4.7
Thuga .4 .2 .3 .03 .2 .3 .2 .2
Tsuga 1.0 .02 .6 1.4 .1 8.6 1.3 .1 .8 .8
Acer 2.5 4.1 3.3 3.6 3.1 3.4 2.9 4.4 3.4 1.1
Alnus .4 .9 .3 .5 .2 .3 .1 .4 .2 .3
Betula 5.5 1.5 3.7 14.4 2.7 9.3 9.7 1.3 6.5 6.5
Carya .7 .6 . 6 1.0 .6 .8 .7 .5 .6 .7
Fagus .7 1.1 .9 1,5 ,7 1.1 2.2 1.1 1.8 1.3 '
Fraxinus .5 . .6 .5 .7 . .3 .5 .6 .4 .5 .5
Platanus 1.0 .3 .7 .9 1.6 1.2 ,9 .5 .8 .9
Populus 1.4 12.4 6.4 4.7 4.7 4.7 4.6 3.1 4.0 5.0
Quercus 2.1 6.0 3.9 9.4 22.0 14.8 5.5 9.5 7.0 8.4
Salix 7.3 .2 4.0 5.8 .1 3.4 2.9 1.5 2.0 3.1
Ulmus 12.0 11.3 11.7 10.3 8.3 9.4 1.3 2.1 1.6 7,3
Gramineae 17.5 11.2 14.6 13.9 10.1 12.3 21.4 15.7 19.7 15.7
Artemisia .2 . .02 .1 .1 .1 .1 .1 .1
Ambrosia 31.4 30.8 31.1 17.9 23.4 20.3 12.5 18.7 14.8 21.8
Cheno-Am 1.2 1.0 1.1 .6 .4 .5 .6 .5 .6 .7
Plantago 3.7 5.1 . 4.4 1.4 2.9 2.0 2.6 4 5-9 3.5 3.3
Rumex 1.5 1.2 1.3 2.1 2.0 2.0 2.7 2,1 2.5 2.0
Solidago .3 .5 .4 .4 .4 .04 . 6 .2 .4 .4
Miscellaneous 2.7 5.3 3.9 1.9 6.3 3.7 .9 7.0 8.2 5.4
Abies .2 .1 .1 . .02 .1 .04 .03 .1 .04 .1
Larix .6 .3 .5 1.4 .3 .9 10.8 .3 6.8 2.9
Juglans .6 .7 . 6 .9 2.2 1.4 .2 .2 .2 .7
Tilia .1 .6 .3 .1 ,4 .3 .2 .2 • .2 .2
aX^= 2 year average for each city 
bX = 2 year average for each city
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Absolute pollen frequencies are obtained by adding a known 
-amount of exotic pollen to a sample, then measuring pollen influx by 
first calculating pollen concentration from the ration:

gxptic,added x_Ppllen grains counted = Total number of 
Exotic grains counted pollen grains

(Stockmarr 1971), The total number of pollen grains, divided by the 
area (in cm) over which the pollen.was deposited, and by the number of 
years in the sample, is the number of pollen grains deposited per square 
centimeter per year. The results appear in Figure 13.

All pollen types appear to attain maximum and minimum values at 
the same points in the column. Table 7 shows the Spearman Rank Correla
tion Coefficients (rg) comparing all APF values from each genus with all 
total APF values. These correlations were all positive and significant 
to the .01 level. The rg values statistically validate the apparent 
relationship between individual profiles.

Since these maxima and minima occur at the same time throughout * 
the profiles, it means that either all the plants are responding to 
some environmental change in the same way and at the same time, or that 
some outside force is controlling the yearly pollen influx.

Different plants have life cycles that are not necessarily syn
chronous. For example, according to Coulter and Chamberlain (1917), 
Pinus has a life cycle of 18.months, so the Pinus pollen produced one 
year is a response to the previous year^s rainfall. Pollen from annual 
Gramineae and Ambrosia populations is produced in response to the rain
fall of that pollination season, and therefore is independent of the
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Table 7. Spearman Rank Correlation Coefficients for Absolute Pollen
Influx Significant to the .01 Level.
Genera vs. total rs

Pinus +.96
Quercus +. 84
Tsuga +.74
Platanus +.69
Graminae +. 64
Acer +.62
Betula / +. 62
Castanea +.57
Fraxinus +.39
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preceding year's conditions. Yet, the APE diagram (Figure 13) indicates 
that the years of high APE values for Pinus are also the years of the
high APF values for Gramineae and Ambrosia.

There are several outside conditions which could be affecting
the pollen influx rate. One possibility is the erratic occurrence of 
local sedimentation patterns which would occasionally concentrate pollen 
within specific areas of the lake basin (M. B. Davis 1973). Another 
possibility involves differential distribution of sediment and pollen 
and subsequent redeposition of the shallow-water sediments into deeper 
water (M. B. Davis and Brubaker 1973). A third possibility is a vari
able influx of both sediment and pollen into the lake from a source ex
traneous to the lake itself. All three of these processes involve 
sedimentation.

All of the pollen samples were about 1 cm thick, so the vari
ability of the sedimentation rate throughout the core could be easily
measured. Figure 14 shows that most of the pollen samples counted were 
composed Of five years, or most samples had a sedimentation rate of 
about .2 cm/yr. The overall distribution pattern follows a bell-shaped 
curve. This is to be expected. The sedimentation rate of a region is 
dependent upon the amount of erosion within the drainage basin. Low 
erosion (low storm frequency) results in little sediment influx or thin 
verves. High erosion (high storm frequency) results in a large sediment 
influx or thick varves. These are both extreme cases and will not occur 
often.

Table 8 shows the samples by year class as well as their corre
sponding mean sedimentation rate and mean pollen influx values. From
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Figure 14. Year Distribution of Pollen Samples Counted.
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Table 8. Mean Yearly Pollen Influx and Mean Sedimentation Rate for 
.  Sample Year Groups. __________  .  ■

Number 
of Years

Mean Yearly 
Pollen Influx

Mean Sedimentation 
Rate (cm/yr)

1 - 2 85,395 .6667
3 - 4 30,825 .3143
5 — 6 14,741 .2455
7 - 8 9,641 .1560
9 - 10 8,415 .2316
121 2,909 .0833

iThis sample was the first sample from the core and therefore subjected 
to the greatest amount of core compression during collection.
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this table, it is clear that low sedimentation rates are accompanied by 
low yearly pollen influx, and high sedimentation rates are accompanied 
by high yearly pollen influx values.

A constant pollen concentration could occur under conditions of 
changing sedimentation rates, i.e., all sediment contains the same pol
len concentration. A plot of sediment influx versus pollen concentration 
obtained under these conditions would result in a horizontal line with 
a slope of zero. A plot of the Seneca Lake sediment influx versus pol
len concentration values.(Figure 15) shows a wide amount of scatter.
The vertical scale is the number of pollen grains deposited per unit 
volume per year. The horizontal scale is the sedimentation rate. These 
data do not fit the model mentioned. A plot of sediment influx versus 
pollen influx data obtained under the same conditions would result in a 
straight line with a positive slope.

Several different regression analyses were applied to the pollen 
and sediment influx values from Seneca Lake. The equations generated
are in Table 9. The curve that fit best was a power curve (Figure 16)

Table 9. Curve Fits for APF Data.
Curve Fit Equation r2 r

Linear y = 70861.14% + 1594.12 .24 .49
Exponential y = 6886.81 e2-66 X .44 .66
Log y = 57470.21 + 24952.63 In % .26 .51
Power y = 71312.09 x1*07 .52 . 72



Figure 15. Pollen Concentration Scatter Diagram.
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based on a least squares regression. If simple redeposition of pollen 
incorporated in sediments from within the basin were occurring when 
pollen productivity was constant, then a plot of the yearly pollen influx 
should still result in a straight line with a positive slope. The fact 
that the data best fit a power curve shows that there is additional pol
len enrichment occurring, but that the input must be from sources ex
traneous to the lake basin.

The magnitude of this pollen enrichment can be seen in Figure 17. 
This shows the total absolute pollen frequencies through time for each 
sample. The profiles of the individual genera mimic this total profile. 
The median value for this profile is 16,130 grains/cm^/yr. The maximum 
pollen influx value exceeds this by 158,574 grains/cm^/yr, or about ten 
times the median. The minimum value differs by only 13,221 grairis/cm^/yr 
or only about three-fourths the median. There appears to be an average 
pollen influx value which fluctuates about the median to some degree, 
but which is supplemented by occasional very high pollen influx values 
that originate outside the lake basin.
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Figure 17. Total Absolute Pollen Influx Diagram.



DISCUSSION

I attempted to study changes in plant communities through time» 
The RPF datum indicates changes in vegetation composition that occurred 
through time. These changes should have revealed land use and land use 
changes with settlement. I hoped that examination of APF values would 
allow these changes to be quantified. This was not possible for two 
reasons. First, the lake pollen spectra represented plants over a wide 
region, despite the proximity (1-2.5 km) of shore vegetation. Second, 
the APF values responded to factors other than vegetational change. The 
questions raised by these data relate to the very basis of APF 
interpretation.

Fluctuations in APF values similar to those in Seneca Lake were 
found by other workers at other sites. These have been attributed to 
fluctuations in sedimentation. For example, Waddington investigated 
Rutz Lake, Minnesota, in 1969. In the uppermost layers there was little 
change in the relative percentage diagram. A slight rise in the Ambrosia 
curve occurs at the surface, but throughout the stratigraphic column, 
there are comparable changes. This is because the site is near the 
prairie border. Today Rutz Lake is surrounded by deciduous forests con
taining some of the same species of trees, but different plant associ
ations. Waddingtonfs objective was to differentiate these associations 
based on their different pollen influx levels.

64
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Waddington (1969, p. 265) reports values of 15,000 to 20,000 
2 /grains/cm /yr. This is the average range of the pollen influx of Seneca 

Lake today. Her plot of the total pollen influx values also directly 
corresponds with sediment influx values for Rutz Lake. In fact, 
Waddington reports a five-fold increase in pollen influx which she at
tributes to "limnologic events within the basin."

Pollen investigation in Lake of the Clouds by Craig (1972, p.
55) was done on varved sediments. He reports an average of 20,000 
grains/cm^/yr in post-glacial forests dominated by Pjnus or Quercus.
Craig also notes that short-term fluctuations occur in the Lake of the 
Clouds pollen diagram, but he does not show them. He states that "these 
fluctuations are not necessarily caused by changes in the production of 
pollen by the surrounding vegetation." He goes on to discount redepo
sition as the cause of pollen influx fluctuation. His plot of sedimenta
tion rates versus pollen influx shows a wide scatter. He seems to state 
further that the range of pollen influx values is less than the range of 
sediment influx values.

The most thoroughly documented lake for pollen influx is Rogers 
Lake, Connecticut. The sedimentation rate of this lake was determined 
by 54 radiocarbon dates (M. B. Davis 1969b) covering a time span of ap
proximately 14,000 years. Sediment deposition could be divided into 
two major periods. The latest of these was a constant sedimentation 
rate from about 5000 YBP to the present. This includes the time span 
covered by the Seneca Lake core. Pollen influx values of this period 
also appear to be father constant with no large deviations.



66

In Rogers Lake, nine radiocarbon dates cover a period of about 
the last 4000 years. This is the period of sediment and pollen stability. 
Thus, sedimentation rates are determined at intervals of about 400 years. 
In this case, small fluctuations in pollen or sediment influx are aver
aged. Effects of individual years of high or low.pollen influx are 
masked in the average figures. Averaging the APE data obtained from 
Seneca Lake over 800 years results in a sedimentation influx of about 
.2333 cm/yr and pollen influx of 16,130 grains/cm^/yr. This compares 
with a sedimentation rate of .125 cm/yr for.the last 4000 years at Rogers 
Lake and 10—20,000 grains/cm^/yr for the last 2000 years (€3 time) at 
Rogers Lake. Both sets of figures are comparable to pollen influx data 
from deciduous forests (R. B. Davis and Webb, 1975). If the sediment 
and pollen influx of Rogers Lake were measured on a less coarse scale, 
it is likely that the smooth portions of the curves would show great 
fluctuation in pollen influx with changes in sediment influx.

The data and conclusions drawn from the investigation of Moulton 
Pond (R. B. Davis et al. 1975) support this hypothesis. The pollen in
flux curve for Moulton Pond and Rogers Lake are extremely similar, but 
of slightly different magnitudes. R. B. Davis et al. (1975, p. 460) 
state that "We have not. been able to explain satisfactorily those mid 
and late post glacial influx changes in terms of changes in the vegeta
tion." They go on to recount investigations relating sediment and pollen 
influx and state, ". . . the explanation is to be found in sedimento- 
logic phenomena . . . (p. 461)."

Different approaches have been taken to ascertain how much of 
the pollen record is affected by phenomena in lakes. The earliest of
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these were conducted using sediment traps (M. B. Davis 1967a, 1968)„
The sediment traps collected pollen from three different sources: air
borne pollen, pollen redeposited from within the lake basin, and pollen 
carried in by streams. Results (M. B. Davis 1967a) showed that in deep 
water, pollen accumulation rates were consistent within each lake 
tested, but were not consistent between different lakes in the same re
gion. She suggests that seasonal mixing within each lake occurs to 
varying extents, thereby producing the differences observed between the 
lakes. The effect of stream input was not investigated in her 1967 
paper. M. B. Davis reaffirms seasonal mixing as a factor for redeposi
tion of pollen grains in her 1968 paper. Resuspension and redeposition 
of pollen by seasonal mixing are cited as the major source of pollen 
enrichment in Frains Lake as M. B . Davis (1973, p. 45) states: "There 
are no significant inflowing or outflowing streams."

M. B. Davis (1973, p. 44) compared dimictic Frains Lake to nearby 
Sayles Lake, which is unstratified'. She again found mixing within the 
basin to be the cause of pollen enrichment of the deep-water sediments.
In this paper, she states that . . absence of thermal stratification 
is essential for extensive redeposition."

Another method of determining the effects of sedimentary phenom
ena used surface samples instead of sediment traps to collect pollen.
M. B. Davis et al. (1971) used this method and found differential distri
bution of pollen types within a lake basin. M. B. Davis and Brubaker 
(1973) showed that the differences caused by differential deposition of 
pollen within a lake basin are smoothed out by resuspension and
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redeposition at depth under nonstratified conditions within the lake 
basin.

These are the types of sedimentary phenomena being referred to 
by the authors who encountered nonconforming data. The investigations 
by M. B. Davis (1967b, 1968, 1973) and M. B. Davis et al. (1971, 1974) 
were done on lakes that were nonstratified or were periodically non
stratified and did not have significant stream input. By contrast,
Seneca Lake is stratified. This stratification may be thermal or due 
to density differentials, but without it, the varves of Seneca Lake 
could not be formed. In addition, Seneca Lake has 20 inflowing streams. 
Finally, Seneca Lake has very steep sides (Figure 2) providing very 
little shallow water_( 60 m) surface area from which seasonal water cur
rents can erode sediment.

At Seneca Lake, an alternative hypothesis to that of resuspension 
and within-basin deposition of pollen seems more reasonable. Seneca Lake 
is subject to overturn only in water which has a depth of less than 60 m 
(200 ft). This accounts for only 10% of the lake surface and mainly 
occurs at the ends of the basin. The pollen, influx values obtained from
the sediment average about three times the airborne pollen values in
grains/cm^/yr obtained from Ogden’s raw data (Ogden and Lewis 1960). 
Pollen enrichment from outside the basin occurs in some years to. varying 
degrees. It is associated with increased sediment deposition rates. In 
one sample, a five-fold increase in sediment influx was accompanied by
a twenty-fold increase in pollen influx.
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Seneca Lake has 20 inflowing streams. Peck (1974) found stream 
water pollen concentrations to be a direct function of storm frequency 
and intensity. During storm conditions, streams carried 300 times as 
much pollen as during fair weather conditions.: I suggest high sediment 
influx is merely a function of sediment load in streams. This means that 
the waterborne pollen input to the Seneca Lake basin is much more im
portant than previously suspected.

Peck selected two reservoirs with known dates of origin. This 
enabled her to calculate APF values for the sediment in the reservoir.
She monitored the complete pollen influx system of the reservoirs. She 
sampled the airborne pollen and stream-carried pollen influx, comparing 
them with the pollen obtained in sediment traps. It can be assumed that 
discrepancies are due to redeposited pollen. These data were then com
pared with short sediment cores from the reservoirs.

Peck found that the. airborne component accounted for 3 to 9% of 
the pollen deposited. This means that 97 to 91% of the pollen deposited 
is waterborne. It is either redeposited from within the basin or car
ried in by streams. Stream monitoring showed increases from a calm 
condition of 154 grains/liter to a storm condition of 47,791 grains/liter.

• qThe average pollen influx in Seneca Lake is 16,130 grains/cm /yr, 
but this ranges from 2909 to 174,704 grains/cm^/yr. The average air
borne pollen, as ascertained from Ogden.and Lewis's (1960) modified 
data, is about 3000 grains/cm^/yr, i.e., the same value as the minimum 
Seneca Lake value. In periods of low storm frequency, denoted by thin 
varves, the airborne pollen component can thus account for all of the
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pollen influx. By contrast, in periods of high storm frequency, denoted 
by thick verves, only about 2.5% of the pollen influx can be attributed 
to the airborne component.

The stream input to Seneca Lake is therefore quite large. Berg 
(1963) stated that all the water in Cayuga Lake is replaced every nine 
years. In a lake that size, the inflow is considerable. The same 
figure probably applies to Seneca Lake. The large amounts of pollen 
contained in the water carried by streams during high storm frequency 
will distort the pollen influx values tremendously. The distortion oc
curs not only in terms of numbers of pollen grains, but also in terms of 
the vegetation source. Plant communities near the streams differ from 
upland ones. Perhaps not coincidentally, correlations (rs) between the 
modern vegetation and pollen record are negative (Table 10).

In addition, the abrasive action of stream flow will destroy 
many pollen types beyond recognition. I believe this is also in part 
responsible for the high Pinus percentages found in Seneca Lake (Figure 
10). For these reasons, basins with high stream influx yield vegeta— 
tional informatation that is difficult to interpret. Such sites require 
evaluation of stream influx as well as airborne pollen influx to yield 
valid paleoenvironmental reconstructions.

The hypothesis that pollen carried by stream influx controls the 
pollen deposited in Seneca Lake can be tested in several ways. First, 
several years of data from monitoring the streams of Seneca Lake could 
be collected by placing seasonal sediment traps in the streams, or by 
filtering the water during various seasons and water-level conditions. 
Traps.or filtering stations should be placed at regular intervals along
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Table 10. Modern Vegetation Comparison rs Values: rs Values Showing 
Present Vegetation Similarity between Transect Groups 
(N = 28) and between Surface Pollen Record and the I 

__________ Values (N - 34) .______- ________ ______________________
(rR) (z) (t)

Basin total vs. shore .74 3.84 .70
vs. stream .79 4.11 .75
vs. uplands .89 4.63 .85

Shore vs. stream . 65 3.40 .61
vs. uplands .45 2.33 .42

Stream vs. uplands .60 3.12 .52
N = 28

Combine vs. pollen .30 1.70 .28
Uplands vs. pollen .37 2.13 .35
Stream vs. pollen .37 2.13 .35
N = 34
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each stream. Such a study should show increased pollen degradation at 
the mouth of a stream in comparison with the pollen degradation at the 
source. It should also demonstrate the high pollen influx values during 
storm conditions and low pollen influx values during calm conditions.

Second, effects of stream influx on the pollen record could be 
tested at a series of lakes containing varved sediments, but draining 
different stream numbers or watershed areas. Basins having little or 
no stream input should show a higher correlation (rs) between the upland 
vegetation (the vegetation pollen analysts seek to reconstruct) and that 
recorded by the pollen found in the sediments. These basins should also 
have APF values comparable to local airborne pollen. Basins with large 
stream influx should, have higher APF values than indicated.by airborne 
samples and a lesser correlation (rg) between the upland vegetation and 
the pollen record.

Third, grain size of sediment could be compared- with the number 
of pollen grains it contains. Pollen is incorporated in the silt and 
clay size fractions of Folk (1968). Investigation of a single core for 
both grain size and pollen content should result in a high correlation 
(rs) of large particles (5-7^) with large amounts of pollen. The in
verse should also be true. Grain size, at a given location from shore 
is indicative of water velocity. High water velocity should be corre
lated with high storm,activity. Based on the data obtained by Peck 
(19.74) , greater amounts of pollen should be found in this sediment. 
Smaller grain sizes (8-10$) at a given location should be indicative of 
calm conditions and therefore, contain less pollen. However, until the



73

relationship between high stream flow rates and pollen influx is defined 
more clearly, only basins with limited stream input should be utilized 
if valid paleoenvironmental reconstruction is the goal of the 
investigator.



SUMMARY AND CONCLUSIONS

Four meter cores of varved sediments collected in Seneca Lake, 
New York, provide a record of yearly pollen influx (pollen/cm^/yr) and 
sediment influx (cm/yr) between 1200 A/D. and the time of European set
tlement (1832)o Absolute pollen frequencies (APF) of separate taxa in 
five-year (+ 5 yr) increments vary by an order of magnitude and do so 
in concert. APF values are either high or low for all taxa during the 
same time intervals. All correlation coefficients (rs) between total 
APF values and APF values of individual taxa are positive and statis
tically significant.

Furthermore, APF values are a direct function of sediment influx, 
with high or low APF values encountered when sediment influx is high or 
low, respectively. The relationship between sediment influx and pollen 
influx values is described best by a power curve (y = 71312.09 
which accounts for 52% of the data variance. Least squares linear re
gression (y = 70861.13% + 1594.12) accounted for only 25% of the data 
variance. These observations indicate that increased pollen concentra
tions (grains/cm^) accompany increased sedimentation rates.

These data are in accord with recent studies, as recounted above. 
The most important of these by Peck (1974) showed fluvial pollen concen
trations to be greatest during high stream discharge conditions. The 
same is probably ture here. Such pollen influx would supplement and 
differ in source from the normal airborne pollen influx to the lake.

74
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Lake basins fed by few or no streams should be selected for 
future APF studies if fluvial pollen contributions are to be avoided.



APPENDIX A

EXTRACTION PROCEDURES

1. Add exotic pollen grain tablets ■
2. Heat at 60°C in Na^Po^ for 24 hours
3. Wash twice in hot water
4. Wash in HC1 (cone.) until, all reaction ceases
5. Wash twice in hot water
6. Let stand in HE (50%) for 24 hours
7. Wash twice in hot water
8. Repeat Step 6
9. Wash twice in hot water
10. Wash in glacial acetic acid
11. Add 9 parts acetic anhydride to 1 part HgSO^ (cont.) and immerse 

sample; boil in hot water bath 2 minutes
12. Repeat Step 10
13. Wash four times in hot water
14. Decant into vial; add glycerol; mount on slide
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