





ABSTRACT

LATE- AND POSTGLACIAL VEGETATION CHANGE
IN SOUTHWESTERN NEW YORK STATE

By

Norton George Miller

Pollen stratigraphy in sediments from four small
lake basins was determined and used as evidence for vege-

tation change on the Allegheny Upland of southwestern New

York State. The sites studied are within 35 mi of the un-

glaciated Salamanca reentrant and are on an important mi-

gration route for species spreading northward following the

Late Wisconsin glaciations.
Forests of the hemlock-northern hardwoods type occur

in southwestern New York at the present time. Point-quarter

sampling of upland stands shows Acer saccharum, Fagus

grandifolia and Tsuga canadensis to be the leading species
in order of decreasing Importance Values. An analysis of
bearing-trees recorded in the original lot survey notes for
areas around three of the sites studied palynologically re-
vealed the pre-colonial forests to be dominated by the same

leading species, except Fagus was first in importance and

. R values were calculated using the
Acer second
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pre-colonial data and a recent survey of existing timber re-

sources in the region.
The basins studied included the Genesee Valley Peat

Works in central Allegany County--on Olean drift (pre-Cary),
‘Allenberg bog in east-central Cattaraugus County--near the
Kent terminal moraine (pre-Cary) and Houghton and Protection

bogs in southeastern Erie County--on Valley Heads drift

(= Port Huron). The profiles obtained were divided into A,

B and C zones following the Deevey classification. In ad-

dition, a T zone characterized by high nonarboreal pollen

The T zone

(NAP) percentages occurred at Allenberg bog.

pollen assemblages compare well with the modern pollen rain

at Fort Churchill, Manitoba.
The A zones differ according to the age of the drift

on which the basins are situated. Most unique was the

Genesee Valley site where spruce (ca. 25%) occurs with

abundant NAP (40 to 45%). Spruce values decreased upward.

The significance of the assemblages is obscure, but taken at

the presence of an open vegetation type, perhaps

face value,
At Allenberg bog,

similar to park-t.undra, is indicated.
fluctuations in Fraxinus niqra and Quercus percentages Sug-

gest correlation with climatic modifications associated with

glacier advance and retreat.
rom this site indicate that the fluctuations oc-

However, absolute pollen fre-

quency data £
Curred as a response to increasing deposition rates for pine
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and spruce pollen. Wood at the bottom of zone A at Houghton

bog has been dated at 11,880 + 730 years B.P. (I-3290).

-Upper A zone spectra, except for the presence of pollen from

temperate deciduous trees, are similar to surface spectra

occurring today in the boreal woodland of central Quebec.

The spruce woodland disappeared around the Valley

Heads sites about 10,500 years ago and was replaced by B

zone forests dominated by Pinus strobus. At several sites

lower pine-birch and upper pine-oak subzones can be dis-

tinguished. At Protection bog where the pine peak has been

dated at 9030 + 150 years B.P.

was recovered from sediments deposited about 10,500 years

(I-3551), a P. strobus cone

ago.
Zone C-1 records the development of hemlock-northern

hardwoods forests. With the exception of gradually in-

creasing Fagus values, the profiles demonstrate stability in
the regional vegetation during the interval between about

8000 and 4400 years B.P. An abrupt decline in hemlock per-

centages marks the end of the C-1 which was dated at 4390 +
Increased relative numbers of Acer saccharum, Betula,

Tsuga percent-

Carya, Fagus and Quercus occur in zone C-2.
E4

ages remain low. Absolute pollen frequency determinations
affirm the Cc—1/C-2 hemlock decline but show only slight in-

Creagas in £he numbers of broadleaf tree pollen types being
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deposited. This fact and the tendency for hemlock to ex-
hibit high drought mortality indicate that a series of
severe droughts occurring over a relatively short time span
may explain the relative frequency fluctuations in C zone
sediments from western New York.

Zone C-3 which began 1270 + 95 years ago (I-3549) at
Protection bog was divided into the following subzones: C-3a
across which Tsuga regains its position of prominence in the
profiles and C-3b in which abruptly increasing percentages
of NAP, including Ambrosia, Plantago and Rumex, record

European settlement and attendant forest clearance.
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INTRODUCTION

This thesis treats a problem that is primarily
historical in nature--vegetation change through time follow-
ing deglaciation. The region involved is at the west end of
New York State where surfaces, according to available data,
have been ice-free for at least 12,500 years or longer,
southward toward the Pennsylvania border. Temperate broad-
leaf deciduous or deciduous-coniferous forests now character-
ize western New York. The history of their development, as
well as information on other vegetation types that no longer
exist in the area, are major objectives in this investigation.

The principal technique I have used is pollen analy-
sis whereby the vertical succession of pollen and spores is
determined in sediments that have been accumulating in small
lake basins for thousands of years. Changes in the relative
and absolute frequency of various pollen types provide a
basis for inferences concerning the history of past vege-
tation. These are supplemented, when possible, by additional
data from plant macrofossils. Conclusions on both floristic
and vegetational history and character can be reached through
Pollen analysis, although the latter are often tentative and
difficult to relate to the frequency and abundance of species

Now encountered on the landscape. Since major vegetation






classes presumably develop in response to regional climates,
pollen analysis further provides a way to determine former
climates.

Pollen analysis is ecological in approach and empha-
sis. An understanding of the requirements of individual
species and the relationships of species to associated
organisms is necessary for the interpretation of pollen pro-
files. 1Indeed, an assumption basic to paleoecologic recon-
structions is that fossil representatives of an extant species
had the same ecological characteristics as now occur in the
living representatives.

Since the unglaciated Allegheny Plateau and Appala-
chian Mountains doubtless served as a refuge for certain
plant. species during Pleistocene glaciations, southern New
York is a particularly critical area to conduct such re-
search because it is one of several important migration
routes for species that participated in the revegetation of

eastern North America.



THE REGION

For purposes of this study southwestern New York
State includes Cattaraugus, Chautauqua, Allegany and the
southern portions of Erie and Wyoming Counties. It is diffi-
cult and misleading to discuss this geographically restricted
area, however, without reference to the surrounding region,
particularly to the three northern counties of western New
York, Genesee, Niagara and Orleans. Thus data from eastern
New York, New England, Pennsylvania and southern Ontario
will frequently be used, but because the whole of western
New York forms a coherent unit, historically, vegetationally
and otherwise, this area will receive the most emphasis.
The political geography of the region is shown in Figure 1.

The eight-county region includes nearly 6550 square
miles. It lies between 42° 00' and 43° 25' N Lat and 77° 45'
and 79° 45' W Long, or, in more general terms, extends south-
ward from Lake Ontario nearly 100 mi to the Pennsylvania
border and eastward from Lake Erie and the Niagara River 100
to 65 mi, depending on the latitude, to the Genesee River.
The counties along the Pennsylvania border are by far the
largest in area, but they are the least populated. At the

present time, the greatest concentration of population occurs



around Buffalo and extends northward into the southwestern
corner of Niagara County. Smaller population centers occur
at Dunkirk, Jamestown, Salamanca, Olean, Lockport and
Batavia.

As political units the counties date from the early
part of the 19th century. Prior to this time the region was
visited by few Europeans, although in 1679, slightly more
than 50 years.after the formation of the Plymouth Colony in
Massachusetts, an expedition under Robert Cavélier de LaSalle
established a short-lived outpost at the mouth of the Niagara
River (Williams, 1947). It wasn't until 1720, however, that
the region had its first permanent resident and not until
the late 18th century and early 19th century that more than
a handful of settlers were present. In 1810, for example,
there were only about 16,000 inhabitants in the eight county
region, but a decade later the population totaled about
75,000 and hardly any district lacked the beginnings of
settlement (Meinig, 1966).

The principal impetus to colonization was provided
by the Holland Land Company, a group of Dutch businessmen
who were able to purchase from Robert Morris, through their
American agents, the title to nearly all the land which com-
prises the eight western counties of the state. The eastern
portions of what are now Orleans, Genesee, Wyoming and
Allegany Counties were sold by Morris to various individuals

in tracts of large acreage. Joseph Ellicott, one of the



principal agents of the Holland Land Company, directed the
surveying of the land owned by the Hollanders and did much

to stimulate the development of the region while working from
his headquarters at Batavia in Genesee County. Ellicott
planned the location of roads, established villages and di-
rected the pattern of settlement, basing his decisions
principally on economic considerations which favored his
foreign employers. Many of his original developments have
persisted in somewhat modified form to the present day
(Evans, 1924).

Before the arrival of settlers of European descent,
western New York was occupied by a succession of Indian
tribes. The historically important Iroquois controlled much
of the state prior to the Revolutionary War. According to
one current theory, they themselves did not actually inhabit
New York until about 1300 when a general northward movement
of Iroquoian tribes occurred, supplanting the resident
Algonkian Indians who had themselves migrated to the state
from the west about three centuries earlier. The five
Iroquois tribes which lived in central and eastern New York
joined together in 1570 to form a confederation. One of
these tribes, the "Keepers of the Western Door," as the
Senecas were called, originally occupied the region between
Cayuga Lake and the Genesee River, but later in the 1650's,

they extended their influence to Lake Erie and the Niagara



River by conquering the Erie and Neutral tribes which pre-
viously controlled these areas.

The Iroquois generally lived in stockaded villages
containing about 250 people. Their homes were often sur-
rounded by small, partially cleared fields where corn, beans
and squash were cultivated. The Indians frequently chose
rich agricultural lands on alluvial soils for their villages
and these sites were also highly favored by the later white
settlers. It has been estimated that about 20,000 Iroquois
lived throughout New York State during the 18th century
(Rayback, 1966). During the Revolutionary War the Iroquois
confederation which had allied itself with the British was
crushed by the Americans. The Clinton-Sullivan expedition
destroyed nearly every one of their large villages and
ultimately paved the way for the easy extinction of the
Indian title to much of the land in central and western New
York. A complete summary of the archeology of Iroquoian and
pre-Iroquoian Indians in New York has recently been provided
by Ritchie (1965).

Today, outside the rapidly growing urban centers of
the region, farming constitutes the largest percentage of
land use. The most heavily cultivated areas occur in Niagara,
Orleans, Genesee and northeastern Erie Counties and in a
narrow strip in Chautauqua and southern Erie Counties im-
mediately adjacent to Lake Erie (Thompson, 1966). Vegetables

and fruits are the principal crops throughout this region.



Of these counties, Niagara and Orleans contain the highest
percentages of nonforest land--83% and 80% respectively (see
Table 4; p. 56). Southward, but north of the Allegheny
River and southeastern Allegany County, dairy farming and
the supportive growing of feed crops for the cattle accounts
for most of the land use. Here and in the largely non-
agricultural lands of southern Cattaraugus and Allegany
Counties forest covers about 60% of the area, but much of

this is of secondary character.

PHYSIOGRAPHY

One of the principal physiographic regions of western
New York State extends south from Lake Ontario to east-
central Erie and southern Genesee Counties and southwestward
along the south shore of Lake Erie in a strip of land about
2 miles wide at the Pennsylvania border and about 15 miles
wide in central Erie County (Fig. l1). This region is general-
ly called the Erie-Ontario Lowland (Muller, 1965) and is
mostly underlain by easily-eroded shales, although two
prominent east-west trending limestone escarpments occur in
the area adjacent to Lake Ontario. These features subdivide
the lowland into three more or less flat plains in part
covered by lacustrine sediments deposited from the ancestral
stages of Lakes Erie and Ontario.

The Ontario plain is located directly south of Lake

Ontario and terminates about 10 mi to the south at the
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Niagara escarpment which, at places, rises 200 feet above
the plain. Between the Niagara escarpment and the Onondaga
escarpment, 10 mi to the south, lies the Huron plain. The
soft shales of the Salina Group between the two limestone
ridges were easily eroded to form a trough which held a

1 The

shallow lake during late- and early postglacial time.
Onondaga escarpment is less prominent, rising only 100 feet
or less above the surrounding lowland. It is also the
northern edge of the third subregion of the Erie-Ontario Low-
land, the Erie plain, which ends at the northern edge of the
Allegheny Plateau and includes the previously mentioned
narrow strip of land bordering the southern shore of Lake
Erie. The elevation of these plains increases southward
from 246 feet above sea level at the surface of Lake Ontario
to 572 feet at the surface of Lake Erie to about 1000 feet
at the north edge of the upland plateau.

The Allegheny Plateau, or Appalachian Upland as it
is sometimes calléd, is the second principal physiographic
region of western New York. The northern edge of this unit
is marked by the Portage escarpment which locally is more or
less coincident with the northern erosional edge of strata
belonging to the Upper Devonian Canadaway, Java and West

Falls Groups. The Allegheny Plateau is characterized by

lThe term 'lateglacial' is used to include the time
up to the disappearance of spruce forests in western New
York. 'Postglacial' encompasses the time from this point to
the present.
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flat-topped hills alternating with broad valleys. This
topography is largely the result of pre-Pleistocene stream
erosion, but glaciation has rounded the hills and widened
many of the valleys. Elevation and relief increase south-
ward. The highest point in western New York, 2548 feet, is
found near Pikesville in southern Allegany County.

The Allegheny Plateau is sometimes subdivided into
glaciated and unglaciated sections. Southeastern Chautauqua,
southern Cattaraugus and southwestern Allegany Counties, an
area approximately bounded by the Allegheny River, were ap-
parently never completely invaded by ice. Muller (1963)
points out that the unglaciated region is characterized by
less smoothly eroded ridges, more continuous crest lines and
deeply incised V-shaped valleys. He further notes that, as
far as 15 miles north of the limit of glaciation, summit re-
duction by glacial scour was as little as 50 to 100 feet, al-
though farther to the north greater lowering occurred.
Throughout most of southern New York less than 200 feet of
bedrock was removed from the plateau tops (Muller, 1964a).

The glaciated Allegheny Plateau is covered with drift
of varying thickness. Deposits are generally thinnest at
the approaches to the summits of hills where the bedrock is
often only several feet below the surface. The drift is
usually thicker in the valleys where it may reach a depth of
several hundred feet. Many of the valleys are notable also

because they were the sites of short-lived proglacial lakes
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and now contain lacustrine sediments as evidence of their
former status. Glacial Lake Zoar, for example, covered a
large area in northern Cattaraugus County. Other proglacial
lakes existed in the northwest-southeast trending valleys of
southern Erie County, in the upper Genesee River valley and
elsewhere.

The drainage of western New York is generally north-
ward into the St. Lawrence River (see Fig. 1l). Streams in
only the southern portions of Chautauqua and Cattaraugus
Counties and the southwestern corner of Allegany County
empty into the Allegheny River which is connected to the
Mississippi by way of the Ohio River. The drainage divide
separating the St. Lawrence and Mississippi watersheds ex-
tends northeastward in Chautauqua County approximately
following the crest of the Lake Escarpment moraine, which is
several miles inland from Lake Erie. From there it may be
followed eastward, across northern Cattaraugus County with a
dip southward toward Little Valley and finally southeasterly
across eastern Cattaraugus and western Allegany Counties.
Part of eastern Allegany County is drained eastward into the
Susquehanna River.

The only large inland lake in the region is Lake
Chautauqua which occupies the axis of a through valley in
south central Chautauqua County. It is approximately 15
miles long, but only 2 miles wide. A number of smaller lakes

exist and many of these originated as pits formed where ice
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blocks melted. Eastward, but outside western New York
proper, lie the Finger Lakes. Several large artificial
lakes occur in lowland areas and along the beds of major
rivers and streams.

The Genesee River, which starts at the Pennsylvania
border and follows a general northward course to Lake
Ontario, is one of the major waterways of western New York.
Of importance also is the Allegheny River which follows a
shallow, inverted U-shaped course in southern Cattaraugus
County. Cattaraugus Creek, Buffalo Creek and Tonawanda
Creek and their tributaries, which flow approximately west-
ward to Lake Erie or the Niagara River, drain a large part
of central and northern western New York. Several other
streams course generally northward across the Onondaga es-
carpment, drain a portion of the Huron plain, and empty into

Lake Ontario.

" BEDROCK GEOLOGY

Western New York State is entirely underlain by
Paleozoic sedimentary rocks (Fisher et al., 1961), which are
exposed at the surface in only limited areas. The beds dip
gently to the south so that rocks of greater age are en-
countered successively northward. More or less east-west
trending belts of shale, siltstone and sandstone are present
throughout the region, but the most important exposures of

linestone and dolomite are found in the lowland north of the
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Allegheny Plateau. Complete summaries of the palenotology
and bedrock geology have recently been published by Buehler
and Tesmer (1963) and Tesmer (1963), for Erie and Chautauqua
Counties respectively.

The red Queenston shale and siltstone of Late
Ordovician age éutcrops in the area immediately south of
Lake Ontario and is the oldest rock exposed in the region.
The predominantly calcareous rocks which comprise the Ni-
agaran escarpment were deposited during Middle Silurian time
and are included in the Lockport Group, although other
Middle Silurian rocks belonging to the Clinton Group are
present toward the foot of the scarp. The Lockport dolomite,
a member of the Lockport Group, is the erosion-resistant cap
rock of present-day Niagara Falls. The Onondaga escarpment
to the south is composed of limestone which accumulated
during the early part of Middle Devonian time. The rocks
comprising the escarpments were deposited during different
periods of time when western New York was covered by warm
shallow seas. The 10 miles separating the two zones of
calcareous rock are mostly occupied by weak shales belonging
to the Upper Silurian Salina Group.

Later in Middle Devonian time, shales of the Hamilton
Group succeed the Onondaga limestone, a result of a massive
influx of sediments eroded from an upland to the east. Upper
Devonian rocks, mostly shales and siltstones, but occasional-

ly sandstones, and rarely, conglomerates and thin limestones,
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are found southward from central Erie and southern Genesee
Counties. These belong, in order of decreasing age, to the
following Groups: Genesee, Sonyea, Java, West Falls, Canada-
way, Conneaut and Conewango. The sediments comprising these
rocks gradually become coarser upward, indicating a westward
movement of shoreline during the latter part of Upper De-
vonian time, and are part of the Catskill Delta which ex-
tends from what is now the Catskill Mountains region west to
Ohio.

Near the Pennsylvania border, largely within the un-
glaciated area of western New York, are found shales, sand-
stones and conglomerates which belong to the Lower Missis-
sippian Pocono Group and to the Lower Pennsylvanian Potts-
ville Group. These deposits have been greatly dissected by
erosian and may be considered outliers of more continuous
strata of the same age to the south. Muller (1963) suggested
that the resistant conglomerates in this area may have

terminated southward glacial movement.

GLACIAL GEOLOGY

In contrast to the age relationships of the bedrock
Units, surficial deposits resulting from Pleistocene glaci-
ations are oldest in the south and youngest in the north.
Drift from only the Illinoian and Wisconsin glaciations has
been jdentified in western New York, although study of the

development of the present Allegheny River suggests the
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presence of pre-Illinoian glacial activity (Muller, 1963,
1965) .

Deposits of Illinoian drift have weak geomorphic ex-
pression. They consist mainly of terrace remnants in the
Allegheny River valley 50 to 100 feet above the present
river level; Wisconsin terraces are found from 10 to 20 feet
above the water surface (MacClintock and Apfel, 1944). Post-
Illinoian erosion and weathering have left only isolated
patches of Illinoian drift in this region. Muller (1960)
showed that some of the gravel terrace remnants recognized
by MacClintock and Apfel bordered a lobe of an ice sheet
that projected southeastward across the Allegheny valley
(Fig. 2). A separate pre-Wisconsin glaciation is indicated
by the occurrence beyond this border of terrace remnants pro-
duced by an additional period of ice-margin deposition. This
twofold expression of Illinoian deposits has long been recog-
nized in adjacent northwestern Pennsylvania. But it has only
recently been determined that what had been called "Inner
Illinoian" drift is actually referable to late mid-Wisconsin
time (White and Totten, 1965). This may also be true of
Similar deposits in southwestern New York State. In south-
fastern Chautauqua County patches of attenuated drift,
Pregsent beyond the Wisconsin terminal moraine, are thought
to be of Illinocian age (Muller, 1963).

The earliest recognized deposit of Wisconsin age is

the 0lean drift which in western New York State is found at
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the surface on the north and east sides of the unglaciated
portion of the Allegheny Plateau (Fig. 2). This roughly tri-
angular area is often referred to as the Salamanca reentrant
because it is located at the junction of deposits produced

by ice moving southeastward out of the Lake Erie basin and
similarly derived deposits from the north and east from the
Lake Ontario basin. Olean drift as mapped by MacClintock

and Apfel (1944; see also Denny and Lyford, 1963) forms the
terminal moraine on the north and east sides of the reentrant
and follows a greatly convoluted course extending slightly
Ssouth of east from abodt 3 miles northeast of Napoli to near
Humphrey where its position extends abruptly southward to-
ward the village of Allegheny. From this point it angles
Southeastward toward the corner of Cattaraugus County. It

is a very subdued terminal moraine but the limit of glaci-
ation can be accurately determined by the presence of erratic
Cobbles (Muller, 1965). The exact age of the Olean moraine
is not known. MacClintock and Apfel (1944) considered it
Iowan or Tazewell in age; other authors have concurred with
this disposition. However, Denny and Lyford (1963) point out
that it may be a pre-Farmdale-post-Sangamon substage. There
is, at any rate, general agreement that it is pre-Cary in
age.

The section exposed near the village of Otto in

MOrthwestern Cattaraugus County displays evidence of a long

history of successive glaciations which are now considered
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to have occurred entirely within the Wisconsin Stage (Muller,
1964b) . Near the base of the section is a peat bed which
overlies a blue-gray till and a silt deposit. MacClintock
and Apfel (1944), who first described the site, considered
the inorganic units to be Illinoian in age because they ap-
peared deeply weathered, and the organic bed to have formed
during the Sangamon interglacial. More recently the de-
posits have been assigned to the Olean substage by Denny and
Lyford (1963), who have since restudied the site and found
no evidence of weathering in the drift below the peat. They
Ssuggest that the peat accumulated in a bog. in front of the
Olean ice soon after it had deposited the underlying till.
Outwash from the Olean ice which remained in the area then
buried the organic material. The age of these organic de-
POsits was initially determined to be more than 35,000 B.P.
(W-87; Suess, 1954) and later to have a finite age of
63,900 + 1700 years (GRN-3213; see Muller, 1964b). They
Correlate (Muller, 1965) with the early Wisconsin St. Pierre
interstade identified in the St. Lawrence lowland (Terasmae,
1958) and, accepting Denny and Lyford's interpretation,
S8trengthens the case for a pre-Farmdalian interpretation.
Samples from the organic deposit which is made up of
S8everal distinct peaty layers separated by silt and fine
S8and were analyzed for pollen by four workers whose results
have been published by Muller (1964Db). No distinctive change

in any of the pollen percentages was found, suggesting a
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nearly uniform climate during its formation. A slight warm-
ing trend may be indicated, however, by a decrease in Picea
and a corresponding increase in Pinus pollen upward through
one of the thicker layers. Pollen of temperate deciduous
trees was practically absent. Herb pollen, mostly from
members of the Cyperaceae and Gramineae, contributed about
30 percent of the total pollen throughout the layer except
at the middle where tree pollen comprised about 90 percent
of the total. The Compositae are well represented in the
bottom half of the section. This pollen assemblage appears
to indicate (ibid.), that the vegetation surrounding the
Site was similar to that found today in the boreal forest of
Canada, roughly 50 miles north of North Bay, Ontario.
-Upward in the section, rhythmites alternate with
layers of till. The former represent separate developments
of glacial Lake 2Zoar and the latter, repeated invasions of
ice sheets correlative with the "classical" Wisconsin glacial
advances. The youngest unit, stratified lacustrine sand,
8ilts and clays, was deposited in the last glacial Lake Zoar
wWhich was ponded by the Defiance (?) moraine located several
miles south of the margin of the Lake Escarpment moraine
(Muller, 1964b).
Oon the west side of the Salamanca reentrant, the

terminal moraine is formed by Binghamton drift. The basic
distinctions between it and the Olean drift to the east have

been gescribed by MacClintock and Apfel (1944) who note that
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the former is characterized by unmodified constructional
topography and a relatively high content of carbonates which
are only shallowly leached. The Olean drift is less cal-
careous, the carbonates are more deeply leached and there is
a greater modification of its constructional topography. The
Binghamton moraine, as mapped by MacClintock and Apfel (1944;
See also Denny and Lyford, 1963), separates from the Salamanca
reentrant at a point 3 mi northeast of Napoli where the
westernmost deposits of the Olean drift are encountered (Fig.
2). From there it may be traced over a generally eastward
course to near Belmont in central Allegany County from where
the margin extends northward to a point near the Wyoming
County line. It can be further traced southeastward across
northeastern Allegany County but is lost in eastern Steuben
County near Almond.

The name Binghamton was given to this drift because
Oof its apparent equivalence to kame deposits found near the
City of Binghamton in south central New York State, although
this relationship has been questioned by Denny and Lyford
(1963) and others. The Binghamton moraine in far south-
western New York State has been correlated with the Kent
Moraine of northwestern Pennsylvania and northeastern Ohio
by continuous tracing (Muller, 1963). Connally (1965), who
recently completed a study of the Binghamton drift sheet in
the western Finger Lakes region, has traced a possible equiva-

lent of the Kent moraine, which he calls the Almond moraine,
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eastward from the Genesee River toward Bath. The minimum
age of the Kent drift is provided by a radiocarbon date of
14,000 # 350 B.P. for marl collected at the bottom of a
kettle hole in Kent drift near Corry, Pennsylvania, 9 miles
inside the Wisconsin drift border (W-365; Droste et al.,
1959) . Although this age determination indicates the Kent
glaciation may be early Cary in age, more recent study has
shown it to be considerably older. From sections exposed
near Cleveland, Ohio, White (1968) has obtained radiocarbon
dates for two wood samples embedded in lacustrine sediments
interpreted as having been deposited from a proglacial lake
ponded in front of the advancing Kent ice. These age de-
terminations, 24,000 + 800 B.P. and 23,313 + 391 B.P., imply
that the Kent ice overrode this area about 23,250 years ago.
A number of other moraines occur on the west side of
the reentrant (Muller, 1963). Two of these, the Findley and
Clymer moraines, are oriented in an east to west direction
Southwest of Lake Chautauqua. Comprised of stagnant ice de-
Posits, they have been interpreted as recessional features
Which developed during retreat of the ice sheet that pro-
duced the Kent (Binghamton) terminal moraine. The Lavery
MOoraine, which has been traced continuously from northwestern
pennsylvania, is located farther to the west where it is the
easternmost member of the moraine complex found along the
edge of the Portage escarpment. In Chautauqua County it is

Partly overlain by younger deposits. The Lavery glaciation
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may be of Middle Cary age and is considered to mark a read-
vance of the ice margin following the northwestward retreat
of the Kent ice. An additional weakly expressed moraine has
been recognized in western Chautauqua and southwestern
Cattaraugus Counties. It is of discontinuous occurrence,
but has a distinctive clay till lithology. It is question-
ably correlated with the Defiance moraine of Late Cary age
further to the west.

The well-marked Valley Heads moraine occurs across
mid-central and mid-western New York State. It is a single
moraine through much of this area but is represented by a
group of parallel morainic deposits at the edge of the
Allegheny Upland in western Chautauqua County where the com-
Plex is called the Lake Escarpment moraine.

According to Muller (1965) mapping has established
the equivalence of the Lake Escarpment and Valley Heads
Moraines.

Recent studies of the sediments in Lake Erie support
the contention that the Valley Heads-Lake Escarpment moraine
Marks a major readvance. A fluvially eroded drift sheet
identified beneath the waters of modern Lake Erie by a
Seismic reflection survey and believed to be of Cary (Lake
Borgder) age indicates that drainage was eastward over the
Niagara escarpment during the Cary-Port Huron interstade
(Wall, 1968). This could only have taken place if the

Jlacier margin was north of this point. The Valley Heads-Lake
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Escarpment glaciation has not been dated precisely but wood
from a depression in the Chaffee outwash plain, located at
the southeast corner of Erie County and considered to be of
Valley Heads age, was found to be 12,000 + 300 years old
(W-507; Rubin and Alexander, 1960). Other age determinations
of similar magnitude elsewhere in New York corroborate this
finding and provide a minimum age for the time of glaciation.
The Valley Heads-Lake Escarpment moraine is considered
equivalent to the Port Huron moraine in the mid-west (Muller,
1965).

A series of recessional moraines, most which were
first traced by Leverett (1902), mark the withdrawal of
Valley Heads ice from western New York. These moraines, be-
lieved to record brief still-stands of the ice margin, are
not prominent topographically because they were deposited in
Proglacial lakes where they were subject to extensive wave
action. Northward they are the Gowanda, Hamburg, Marilla,
Alden, Buffalo, Niagara Falls, Barre and Albion moraines.
Some of these are illustrated in Figure 2. This final with-
drawal of glacier ice must have been rapid, for a series of
Xadiocarbon dates associated with sediments of Lake Iroquois,
Which developed in the Lake Ontario basin north of the Albion
Moraine, average 12,000 B.P. (Goldthwaite et al., 1965;
Karrow et al., 1961). By this time the ice margin had melted
to an unknown distance north of the Niagara escarpment and

May have freed much of the Ontario basin, although the
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St . Lawrence lowland was still blocked. New York State was
apparently not invaded by Valders ice (MacClintock and
Terxasmae, 1960; Terasmae, 1959).

Beaches and strand lines marking the shorelines of
the ancestral stages of Lakes Erie and Ontario are found in
northwestern Chautauqua County and from central Erie and
Genesee Counties northward. The highest beach deposit in
western New York belongs to Lake Whittlesey (737‘)l which
was broadly contemporaneous with the Port Huron (Valley
Heads) glaciation (Hough, 1963). Drainage at this time was
westward from the Lake Erie basin across central lower
Michigan to the Michigan basin and then southward to the
Misgsissippi River. Lake Whittlesey came to an end with re-
treat of ice from the Hamburg moraine. Lake Arkona (710-
695') is considered to have extended eastward into western
New vork during pre-Port Huron time, but its beach deposits
have not been recognized in this area. A lower outlet to
the west initiated the Lake Warren stages. The highest of
these, Early Lake Warren (680'), is marked by a single beach
ridge at about 840 feet northwest of East Aurora. Other

beach deposits ranging from 810 to 840 feet can be related to
\

l'J'.‘his and other figures which follow named lake
Stages are the elevation of the lake surface in feet above

Sea level.

2See summary by Calkin (1966) and references cited
Thexrein.
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middle (670') and lowest (665') Lake Warren stages. Glacial
Lakes Wayne (660'), Grassmere (640') and Lundy (620') are
evidenced by weakly developed strand lines between 810 and
770 feet above tide (A.T.) near East Aurora. The drainage of
these lake stages was westward (Hough, 1963).

Glacial Lake Iroquois was initiated as the ice margin
retreated to the north and uncovered the Rome outlet which
allowed discharge eastward along the Mohawk Valley to the
Hudson River causing a lowering of the water level. During
this time the level of Lake Lundy fell to the early Lake
Algonquin stage (605'). These lakes covered the Lake Erie
basin and the western end of the Lake Ontario basin, but as
the water level dropped below the Niagara escarpment, two
Separate bodies of water were formed, Lake Iroquois in the
Ontario basin and Early Lake Erie in the Erie basin. For a
time Lake Iroquois is believed to have stood at 330 feet A.T.
(Hough, 1958) but then drained before 10,500 B.P., as further
ice retreat allowed discharge through the St. Lawrence
Valley (Karrow et al., 1961). A well-developed beach ridge,
On which US Route 104 is located, marks the southern shore
Of Lake Iroquois in western New York. Today, the surface of
Lake Ontario lies at 246 feet A.T. while the modern Lake

Ex je surface stands at 572 feet.

Another consequence of the lowering of lake waters

ci'~:u':ing post-Port Huron time was the formation of glacial

L.ake Tonawanda in the lowland between the Niagara and Onondaga
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escarpments. Lake Tonawanda drained through five outlets
across the Niagara escarpment but because of isostatic re-
bound the two westernmost spillways, the Lewiston and the
Lockport, drained for the longest period of time (Kindle and
Taylor, 1913). Deltas formed north of the spillways. The
date of the extinction of Lake Tonawanda as an open body of
water is unknown, but today the extensive Oak Orchard swamp

is one of its last vestiges.

SOILS

The soils of western New York, with the possible ex-
ception of those found in the Salamanca reentrant, are rela-
tively young since they have been formed from surface ma-
terial in a region that was ice covered during the Wisconsin
glaciation. These soils are distributionally related to and
mostly derived from the east-west trending bedrock units of
the area. However, due to the direction of ice movement and
the intensity of glacial scour, there has been a general
Qistribution of parent material southward. As a result, the
1 imestone and dolomites of the Ontario lowland are found in
the drift that mantles the Erie plain and the northern edge
O f the Allegheny Upland. The amount of calcareous material
trxansported away from the lowland gradually decreases toward
the pennsylvania border permitting a distinction to be made
between the predominantly limy soils of northern western New

York and the acid ones of the southern upland.
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Bedrock lithology also influences the texture of the
soil derived from it. The sandstones, shales and conglomer-
ates of the southern Allegheny Plateau provide both coarse
and fine particles and give rise to medium- to coarse-
textured soils. The shales at the northern edge of the up-
land supply clay and some silt-size particles which form
fine textured soils, while the limestone and shale region to
the north provides weathering products that result in soils
of medium textures.

New York State is in a transition zone between cool
humid climates which generally produce podzols and climates
characterized by warmer temperatures which favor the for-
mation of gray-brown podzolic soils (Cline, 1955). Although
at the west end of the state soils of the latter type pre-
dominate, podzols occur in southwestern Allegany, southern
Cattaraugus and southwestern Chautauqua Counties. The region
Qirectly south of Lake Ontario, encompassing Niagara, Orleans
Qnd the northern part of Genesee Counties is broadly categor-
ized as an area of intra-zonal soils. Gray-brown podzolic
Soils are located in the intervening region (Soil Survey
Division, 1938).

The podzol region is dominated by soils which belong
to the DeKalb-Leetonia and the Lackawana-Culvers associ-
Qtions. The former are shallow, stony soils which occur on
S lopes and steep hillsides. They are non-calcareous and are

Qerived from weathered bedrock. Muller (1963, p. 36),
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writing about the occurrence of DeKalb-Leetonia soils in the
driftless area at the southeastern corner of Chautauqua
County, notes that their occurrence "in positions which,
north of the drift border, might develop Lordstown-Volusia
soils suggests more advanced soil development in the un-
glaciated area," but "contrasts between the DeKalb and the
Lordstown soil series are not such as to demonstrate great
difference in age." Soils of the Lackawana-Culvers associ-
ation are weakly developed podzols found on the glaciated
parts of the Allegheny Plateau. They are not heavily croppéd
and much of the soil has remained under forest cover.
Gray-brown podzolic soils belonging to the Lordstown-
Volusia and Ontario-Honeoye-Pittsfield associations cover by
far the largest area of western New York. Lordstown and
Volusia soils, derived from glacial till comprised mostly of
local shales and sandstones, are the most common. They oc-
Cur across the central and northern parts of the Allegheny
Upland and are found on plateau tops, hill slopes and valleys
Not filled with pro-glacial lake sediments. Located im-
Mediately to the north and east, Ontario-Honeoye-Pittsfield
Soils originated from calcareous till and outwash. They are
Mo gtly rich loams over limy substrata. Soils of the intra-
Zonal Toledo-Vergennes association have developed from
Lacustrine silts and clays. Much of the land covered by

these soils is poorly drained and unsuitable for agriculture,
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although some exceptionally rich, well-drained cropland is
also present.

Of the 75 more rigidly defined soil associations
recognized in New York by Cline (1955), 27 are found at the
western end of the state. These are more circumscribed in
character than the associations already discussed and enable
one to describe the soils of western New York more precisely.
Niagara and northern Erie and Orleans Counties are dominated
by medium- to fine-textured soils which belong to the

Collamer, Fulton-Lucas, Fulton-Toledo, Odessa-Schoharie and

Williamson:associations. Well-drained to somewhat poorly-
and poorly-drained phases are present. There is an important
inclusion of Alton, Colonie, Elmwood-Swanton and Hilton
S80ils in northern Niagara County that developed from gravel,
S8and or lime-rich glacial till. A large area of muck lies
Along the border of Genesee and Orleans Counties, reflecting
the swamp environment which followed the drainage of glacial
Lake Tonawanda.

Southward, in central and north-central western New
YOrk, the soils are medium- or moderately fine-textured, of
low to high lime content and are derived mostly from glacial
till. The deep, well- to moderately well-drained, lime-rich
I'1<>neoyre--,1.ima and Ontario-Hilton associations are found in
Sastern Genesee County but give way southwestward to the some-
What poorly- and poorly-drained soils of the Darien-Danley,

Darien-Romulus and Mahoning-Trumbull associations. Farther
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south in a broad northeast-southwest band from central
Chautauqua to Wyoming County, medium-textured acid soils
with neutral to slightly acid fragipans on glacial till are
the most common. These largely belong to the Erie-Langford
association. Important inclusions of coarser-textured soils,
members of the Bath-Chenango association, occur throughout
this area on well- or moderately well-drained sites general-
ly accompanying morainic topography.

-Most of northern Allegany County is characterized by
somewhat poorly-drained, deep soils of the Volusia-Mardin
association. Southern Cattaraugus and Allegany Counties are
dominated by medium- to moderately coarse-textured acid
S8o0ils with strongly acid fragipans weathered from glacial
till or from the shale, sandstone or conglomerate bedrock of
this area. The Cattaraugus-Culvers-Morris, Lordstown,
Lordstown-Mardin-Volusia and Oquaga associations which in-
Clude both deep and shallow soils are represented.

Azonal soils derived from recent alluvium are found
Along the Allegheny and upper Genesee Rivers and elsewhere.
Outwash and valley train deposits throughout the region, but
©@s8specially associated with the Lake Escarpment-Valley Heads
Moraine, have produced substantial areas of medium- to coarse-
textured soils from sands and gravels.

Little work has been done in western New York re-
lating soils and vegetation. It has been pointed out that

there is an approximate equivalence between the Hemlock-white
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pine-northern hardwoods region and the area characterized by
podzols, and that a similar relationship holds for the

Eastern deciduous Forest region and the region of gray-brown

‘podzolics (Braun, 1950; Gordon, 1940). However, this corre-

spondence is not apparent in western New York. In this area

the boundary separating these two major vegetation units is

coincident with the Portage escarpment: deciduous forests

occupy the lowland adjacent to Lakes Erie and Ontario, while

coniferous-deciduous forests are situated on the uplands

(Braun, 1950). The podzol/gray-brown podzolic boundary, in

Contrast, is far south of the escarpment so that no simple

relationship between soils and vegetation is visible in this

Case.
Gordon (1940) in less general terms has briefly de-

Scribed the forest communities found on certain soil series

in Cattaraugus County. The deepest podzols found on the

higher parts of the plateau just north of Pennsylvania are

Covered by forests of hemlock, white pine, red maple, chest-

nut, sweet birch and cucumber tree. Podzols of the DeKalb

Serjes support forests dominated by hemlock and beech. Mixed

"‘esophytic forests of red oak, beech, chestnut, red maple,
Sweet birch, white ash and black cherry, or other species

Often associated with them, characterize the thinner, drier

SOils of this series. Oak-chestnut forests are found on the

Arxrjest upland soils. Hemlock, beech, sugar maple, yellow

bil:c:‘h, basswood and white pine forests grow on Volusia soils,
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while sugar maple, basswood, white ash, hop hornbeam and
black cherry are more abundant on the better-drained Langford
and Lordstown soils. Imperfectly drained soils, developed

from lacustrine deposits, support swamp forests in which

American elm, swamp white oak, beech and occasionally white

pPine, hemlock, yellow birch, black ash, red maple and balsam

f£ir occur. Similar data from elsewhere in western New York

have not been published.

CLIMATE

Warm-to-hot summers, cold winters and adequate
Precipitation, typical of humid continental climates in
general, characterize New York State. In the western
Counties the terrain and nearby Lakes Erie and Ontario exert
Q powerful influence on the overall climate of the area.

The Allegheny Plateau, between 3 and 10 times the elevation

O Ff the Erie-Ontario Lowland, is colder and wetter than the

Plains to the north and west.
Lakes Erie and Ontario act as accepters or releasers

O f energy depending on the time of year. During the fall they

S lowly liberate the heat accumulated during the summer months
Qnd thereby lengthen the frost-free period. 1In the spring,

having become cold during the preceding winter, they keep the
Surrounding area cool and delay plant growth until the danger
OFf frost is past. This latter phenomenon is responsible for

the successful vineyards of western Chautauqua County and
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the orchards of the Ontario plain. At higher elevations the
tempering effect of the lakes is less apparent.

Specific differences in climate between upland and
lowland sections of western New York are illustrated by the
data presented in Tables 1 and 2. Mean annual temperatures
(Table 1) at weather stations in the Erie-Ontario Lowland
are nearly uniformly 2-3°F higher than those of the upland.
This is true also of mean July temperatures, although the
monthly averages for January are nearly equal. It is, how-
ever, the plateau stations which have recorded the lowest
winter temperatures, in many cases several tens of degrees
lower than those measured on the plains. Both regions have
experienced nearly the same maximum temperatures, but maps
on which isolines of mean maximum July temperatures are
plotted show central western New York to have slightly lower
maximums than the regions to the north and south, whereas the
southern upland receives the lowest mean minimum temperatures
during the same month (Johnson, 1960). The higher elevation
and the comparatively dry atmosphere over the plateau com-
bine to give high day and low night temperatures resulting
in an almost typical continental type of climate (Mordoff,
1949) .

The land adjacent to Lakes Erie and Ontario is favored
with a longer growing season than areas further inland
(Frederick et al., 1959). Northwestern Erie County has a

180 day frost-free period, the longest in upstate New York
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except for limited areas south and southeast of Lake Ontario
beyond western New York. A growing season of between 180
and 160 days characterizes the western half of Chautauqua
and Erie Counties and the northeastern half of Genesee
County. Nearly all lowland areas have more than 140 days
with no frost. Southward the length of the growing season
decreases until 100 days or less is reached at the region of
highest elevation in southeastern Cattaraugus and south-
western Allegany Counties. The mean date of the last spring
32°F minimum in the lowland generally occurs in the first
week of May (see Table 2). 1In the upland it is two to three
weeks later. At the end of summer the first 32°F minimum at
highland stations takes place during the second or third
week of September and, although there is greater variability
in the first occurrence of fall frost in the lowland, the
dates are nearly always two weeks after the first freezing
temperatures at higher elevations.

The basic difference between energy reception in the
upland as opposed to the lowland is well illustrated by
figures for potential evapotranspiration and growing degree
months. The former, a theoretical measurement of the amount
of energy gained by the ground through solar radiation, is
pPresented as an estimate of the quantity of water required
to expend this energy by means of evaporation and trans-
Piration. A growing degree month is a temperature efficiency

index which consists of the sum of all average monthly
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temperatures over 40°F, the minimum threshold of plant growth
and seed germination under normal conditions. Both higher
temperatures and longer growing seasons enlarge this index.
Calculations for only a few stations in western New York are
available (see Table 3), but they clearly show larger values
at lowland localities. Plant distribution in this region
correlates well with these indices. Such southern species-

as Asimina triloba, Celtis occidentalis, Juniperus virginiana

and others are found only in the lowlands where the more
favorable climate probably ensures their survival, although
in certain cases other factors may also have some control.
Moisture is brought to New York State from the Gulf
of Mexico and the Atlantic Ocean through the activity of
cyclonic storms. Lakes Erie and Ontario are local sources
of moisture, particularly in the winter, when water picked
up over the lakes is deposited on the adjoining land during
snowsqualls. As previously pointed out, the upland receives
more moisture than the lowland (see Table 2), often up to as
much as 10 inches more. A map on which isohyets of mean
annual precipitation measured between 1931 and 1955 were
plotted (Johnson, 1960) reveals that precipitation increases
irregularly southward in western New York until the 48 inch
maximum for the region is reached in northwestern Cattaraugus
County. It is interesting and perhaps significant that one
of the largest areas of upland sphagnum bog occurs within

this zone of maximum precipitation. The northern half of
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Niagara County and nearly all of Wyoming County, in contrast,
are among the driest parts of the whole state.

Precipitation is fairly evenly distributed throughout
the year, but summer months characteristically receive more
than the others. During the period from May 1 to September
30, the limits of the growing season (see Table 2), less
rain falls in lowland areas than on the upland. Although
summer is the season of greatest precipitation, it is also
the time of greatest moisture need, so small moisture defi-
cits occasionally occur. These are most critical in the
heavily cultivated lowland region and may sometimes lead to
crop‘failure. Few major droughts, however, have affected
the region. A serious one occurréé in'1899 when the total
precipitation for the three summer months was less than 3
inches at many localities bordering Lake Ontario (Mordoff,
1949) . There has been at least one noteworthy period of
drought every 20 years.

The prevailing winds are westerly across the region
but often shift to the north in winter and toward the south
during the summer. At Buffalo the winter months are
characterized by west-southwest winds, while during the rest
of the year, except the fall months when the wind is from the
south, wind direction is from the southwest. Winter is the
time of maximum cloud cover. At Buffalo only 1 to 3 days
during the months of December, January and March are listed

as clear days with less than 0.2 percent cloud cover. During
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most of the spring, summer and fall nearly 10 days of .every
month are clear. The whole of New York State lies within
the eastern cloudy belt which ranks well below central and

western states in the amount of sunshine received (ibid.).

FLORA

Floristic research in western New York State began
in earnest during the mid-1800's. Before ihis time, however,
Niagara Falls had attracted naturalists and plant collectors
to the region, many of whom published botanical observations
made at the Falls (see Dow, 1921) or while travelling across
the Erie-Ontario Lowland. Unfortunately, most of this infor-
mation seems to have been gathered casuallyAOr, in some
cases, by untrained people, making it of questionable scien-
tific value. Three of the more notable visitors were Peter
Kalm, who viewed the cataract in 1750 (Kalm, 1751), Franigis
André Michaux, who travelled throughout the eastern Great
Lakes area in 1806 or 1807 (2Zenkert, 1934), and Thomas
Nuttall, who undertook a pedestrian trip from Philadelphia
to Canandaigua and west to Niagara Falls in 1809 (Graustein,
1967) .

Zenkert (1934) has traced the history of botanical
exploration in western New York from early times through the
1930's. Members of the Buffalo Society of Natural Sciences
We;e particularly active collectors during the last half of

the 19th and the early part of the 20th centuries. 1In recent
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years field work has been largely carried out under the
auspices of the New York State Museum at Albany. Much of
this more recent study remains to be published.

A total of 1587 species are listed by 2Zerkert (1934)
as growing in the Niagara Frontier region which encompasses
the area within a 50 mile radius of Buffalo. Of these, 1187
are native species; the remaining 400 are introduced. The
total number of species probably has been enlarged somewhat
since 1934. 1In comparison, House (1924) enumerates nearly
2950 native and introduced species in his flora of New York
State, and for the area covered by Gray's Manual (Fernald,
1950), 4425 native and 1098 introduced species are listed.

Three more or less distinct floristic regions occur
at the west end of the state. The most northern is bounded
on the south by the Wisconsin terminal moraine which approxi-
mately separates the glaciated and nonglaciated parts of
western New York (see Fig. 2). This boundary marks the
southern limit of a number of boreal species. 1In large part
these are bog plants which presumably are not found south of
the drift limit because of the absence of kettle holes and
other suitable habitats generally associated with glaciated
terrain.

Zenkert (1934) has noted 55 species which exhibit
this distribution pattern in western New York, although a
few occur at disjunct stations southward beyond the New York-

Pennsylvania border. Some of the species he lists are:
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Andromeda glaucoghxlla,l Brasenia schreberi, Eriophorum

spissum, Galium labradoricum, Habenaria dilatata, Kalmia

polifolia, Larix laricina, Ledum groenlandicum, Myrica gale,

Picea mariana, Pinguicula vulgaris, Populus balsamifera,

Primula mistassinica, Rhynchospora alba, Saxifraga aizoides,

Vaccinium oxycoccus and Viola renifolia.

An interesting plant community containing relict
boreal species occurs within the unglaciated Salamanca re-
entrant in the Red House valley at the west side of Allegany
State Park (House and Alexander, 1927). When this site was
visited during the summer of 1966, only a quarter acre patch
of what was once an extensive Pinus strobus stand was still
in existence. The principal trees present at this time were

Abies balsamea, Acer rubrum, Betula alleghaniensis, Fraxinus

niqgra, Pinus strobus, Tsuqga canadensis and Ulmus americana.

Gaultheria hispidula, a boreal species once found there,
could not be located, although Vaccinium myrtilloides, an-
other northern plant, was still present. Borings made with

a Davis sampler revealed that beneath 10 to 13 cm of humified
peat lay a bed of heavy blue clay, the thickness of which was
not determined. This inorganic sediment was apparently de-
posited at some time during the Pleistocene from a lake

ponded in the valley of Red House Brook, a small tributary

lemenclature follows Fernald (1950) with the ex-
ception of the binomials used for yellow birch and
leatherleaf which are Betula alleghaniensis Britton and
Cassandra calyculata (L.) D. Don, respectively.
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of the Allegheny River. The community seems to be a remnant
of a swamp forest developed on soil of large water holding
capacity (Taylor, 1928).

Superimposed on the glaciated-nonglaciated distri-
bution pattern is another type which shows no relationship
to the presence or absence of glaciation. The floristic
regions delimited by the new pattern correspond to the Erie-
Ontario Lowland and the Allegheny Upland and are best
illustrated by species which occur in the former area but
not in the latter. The boundary between the two regions is
usually depicted as part of the well-known tension zone that
crosses Minnesota, Wisconsin, Michigan, southern Ontario and
western and central New York to the eastern end of Lake
Ontario. In New York State it is coincident with the Portage
escarpment (Fig. 1l). Typical upland species occur on both
sides of the glacial boundary.

In central and western New York this tension zone
has not been extensively studied. Plant distribution maps
similar to those which support its existence in Wisconsin
and elsewhere have not been published for New York State.
However, in western New York it is clear that the upland is
characterized by species which are absent or are of greatly
restricted occurrence in the lowlands bordering Lakes Erie

and Ontario. Conversely, Asimina triloba, Celtis occidentalis

and Sassafras albidum grow in the lowland or on the flank of
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the upland, and either do not occur in the upland or are
rare there.

Soper (1962) has discussed a large number of species
which are found in southern Ontario below a line extending
from Grand Bend on Lake Huron southeastward past London,
then northeastward in the vicinity of Aylmer to Toronto.
These species occur nowhere else in Canada and because of
their obvious southern affinities they are considered as
part of the Carolinian flora of Canada, using the terminology
of Merriam (1898). The ranges of only a few of them extend
into the coniferous-deciduous forest region of northern
Ontario. Of the plants listed by Soper, those which occur
in western New York State are restricted to stations in the
lowland, with the exception of a few found along the Allegheny
River or in the region intermediate between the lowland and
the higher parts of the upland.

Zenkert (1934) recognized the distinction between
the lowland and upland flora and enumerated 96 species which
he considered to represent an austral element best developed
in the region adjacent to Lakes Erie and Ontario. This
distribution pattern is the basis for Bray's recognition
(1915) of two zones in western New York separated approxi-
mately by the Portage escarpment and characterized by differ-
ent tree species. His Zone B, in which chestnut, oaks,
hickéries and tulip-poplar are typical, occurs in the Erie-

Ontario Lowland, while his 2one C, characterized by sugar
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maple, yellow birch, hemlock and white pine, corresponds in
area to the Allegheny Upland.

It is noteworthy that the northern elements of the
flora are best developed on the Allegheny Plateau in southern
western New York, while the southern elements are best de-
veloped to the north in the Erie-Ontario Lowland, a situation
which is directly opposite that found in Michigan and Wiscon-
sin. Climate may be the major factor controlling this
distribution, although soil and other edaphic factors may
also have a role. The more rigorous climate of the upland
would tend to eliminate species adapted to higher mean
winter temperatures and a longer growing season.

The flora of western New York can be divided into a
number of phytogeographic elements, each of which is made up
of species that share a similar type of geographical range
today. These species are typical of a certain natural area,
that is, the entire region of distribution of a taxonomic
unit attained through natural dispersal mechanisms, whether
they now grow within that area or not (Cain, 1944). They
often have the same center of dispersal, but may or may not
share a common center of origin. The identification of ele-
ments in a regional flora is based upon their being typical
of certain well-defined phytogeographical areas elsewhere.

Elements may be categorized as either extraneous or
intraneous. The former contains species at or near the

limits of their range which may, therefore, exhibit
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disjunctions of various types, while the latter includes
widespread species whose occurrence in a particular region
is well within the plants' total range (Braun, 1937; Cain,
1944). 1Intraneous species, which may comprise as much as
60 percent of a flora (Parker, 1936; Thompson, 1939), tell
us little about the geographical affinities of that flora,
but extraneous ones are considerably more helpful in this re-
gard. Most of Curtis' discussion (1959) of the extraneous
elements in the flora of Wisconsin can be applied to New
York State, so much of the following account is drawn from
this source.

The Alleghenian element contains a group of species
of Arcto-Tertiary origin which center in the southern Appa-
lachians and extend northward into southern Canada. Such

well-known and important forest trees as Acer saccharum,

Betula alleghaniensis, Fraxinus americana, Ostrya virginiana,

Pinus strobus, Quercus alba, Tilia americana and Tsugqa

canadensis are members of this element. Also of Tertiary
origin is the Ozarkian element which contains more drought
tolerant species developed in isolation from the southern
Appalachians on the Ozark upland of Missouri and Arkansas.

Acer saccharum var. nigrum, Carya spp., Quercus macrocarpa,

Q. muehlenbergii and Q. velutina are components of this ele-

ment. Steyermark (1939) has compiled a list of plants common
to both the Appalachians and the Ozarks which presumably

acted together as a single center of origin and dispersal
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for certain species. Magnolia acuminata is one he mentions

that is found in western New York.

Members of the Boreal element are not rare in western
New York but in most cases they occupy positions in bog com-
munities generally associated with senescent kettle hole

lakes. Abies balsamea, Larix laricina and Picea mariana oc-

cur here as members of this element. These trees are charac-
teristic of the boreal forest which ranges across central
Canada from eastern Alaska to the Atlantic seaboard, south
to the upper Great Lakes with a discontinuous extension down
the Appalachian mountains at higher elevations. Also oc-
curring in western New York are such typical boreal shrubs
and herbs as Andromeda glaucophylla, Cassandra calyculata,
Ledum groenlandicum, Linnaea borealis var. americana and
Menyanthes trifoliata among others.

Another group of species characteristic of the region
farther to the north but often found southward at mountain
stations of high elevation belongs to the Arctic-alpine ele-
ment. As expected it is very poorly represented in western
New York but has better expression in the high peak areas of

the Adirondack and Catskill Mountains to the east. Pingquicula

vulgaris and Saxifraga aizoides which grow together on a wet
vertical gorge wall near a falls of the Genesee River in
southeastern Wyoming County, their only station at the west

end of the state (Zenkert, 1934), are members of this element.



48

Species typical of western North America but which
are also found eastward are members of what can be broadly
called a Western element. Actually this category includes
several types of distinct distribution patterns, two of
which particularly pertain to western New York. The Prairie
element is made up of species whose ranges center on the
existing prairies. Certain members of this element such as

Andropogon gerardi, A. scoparius and Sorghastrum nutans have

a wide distribution through the Erie-Ontario Lowland in New
York State where they apparently grew mostly in oak openings
before and for a while after the settlement of the region.
They are now generally found in abandoned fields, in hedge-
rows and in thin second growth oak stands and are often
associated with prairie forbs. Shanks (1966) felt that the
oak openings in this area were essentially edaphic prairies,
remnants of more extensive grasslands which occurred in this
region when the Prairie Peninsula extended farther east.

The shallow dry soils and the occasional water deficits
characteristic of the Erie-Ontario Lowland would seem to
favor the persistence of prairie species and exclude more
mesophytic competitors.

The Cordilleran or Western Mountain element, another
type of Western element, was early recognized in eastern
North America by Fernald (1925). More recently Iltis (1965,
1966) has redirected attention to it, pointing out that

" ., . . the ranges of many of our commonest as well as rarest
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species in the northeastern United States . . . fall into

the standard pattern of eastern North America -- western
North America vicarious species pairs with the post-glacially
produced modern ranges overlapping in glaciated northeastern
North America" (1965, p. 149). As examples, Iltis (ibid.)
cites a substantial list of paired species including the
following in which both members are found in western New York:
Actaea rubra (western-w) -- A. pachypoda (eastern-e), Cinna
latifolia (w) -- C. arundinacea (e), Cypripedium parviflorum
(w) -- C. pubescens (e), Gentiana procera (w) -- G. crinita
(e), Juniperus horizontalis (w) -- J. virginiana (e), Populus
tremuloides (w) -- P. grandidentata (e), Salix serrissima

(w) -- S. lucida (e) and Viola adunca (w) -- V. conspersa
(e) . Certain additional species claimed by Iltis (ibid.) and
others to be members of this western element are found at the
west end of New York as well. These include Carex flava,

Ooryzopsis asperifolia, Potentilla arquta, P. fruticosa,

Pterospora andromeda, Salix candida and Valeriana uliginosa.

Another group of species belonging to the Atlantic
Coastal Plain element has a limited distribution along the
beaches of Lakes Erie and Ontario and westward around the
upper Great Lakes (Peattie, 1922). These species apparently
attained their current range sometime during late- or post-
glacial time, perhaps by migrating along the St. Lawrence or
Mohawk River valleys and thence along the shores of the

ancestral Great Lakes. Cakile edentula, Euphorbia
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polygonifolia, Lathyrus maritimus and Xyris caroliniana are

a few of the coastal plain species which occur in western
New York.

The Exotic element containing non-native species
which have entered the region.through the activities of man
remains to be discussed. Of particular interest palynologi-
cally are certain species of Plantago, especially P. lanceo-
lata and P. major, two European species widely naturalized
in North America. The appearance of Plantago pollen in
postglacial sediments which can be mostly attributed to these
species clearly marks the arrival and spread of Europeans in
America. However, there are many other examples of the
Exotic element in the flora and, as has been pointed out
earlier in this section, 25 percent of the total flora of
the Niagara Frontier region is comprised of introduced

species.
VEGETATION

General Statement

Authors of the earliest histories which have been
published about western New York are uniform in stating that
the region was completely covered by forest except for dis-
continuous openings in the oak forests of the Erie-Ontario
Lowland and other small partially cleared areas associated
with Indian villages. A geperal account of the whole region

published a few years after settlement began contains an



51

interesting discussion of the kinds of timber present and
the agricultural potential of the land on which grew certain

forest types (Munro, 1804).

« « « in the better or most even parts of the
country . . . the most common sorts of timber . . .
[are] . . . sugar maple, beech, lyn (here called bass-

wood) , oak, ash, and elm; and the hilly parts are
mostly timbered with oak. Where the sugar maple and
basswood are most common, the land is generally es-
teemed best for grass, and probably grain, and is ex-
perienced to be durable; the lands which produce
mostly beech timber, are considered as generally
clayey, wet, and cold. A considerable portion of
the better part of the country is timbered with oak,
and lands on which it is of a large growth are by
many esteemed the most durable, although at first
not productive of as good crops as maple lands, and
harder in tillage.
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The sorts of trees and shrubs which are most scarce
are hemlock fir, cucumber tree, white poplar, white
and black birch, turmeric tree, spruce pine, locust
tree, prickly ash, spice wood, hazel nut, willow,
and alder (p. 1173-1174).

The observations of Rev. Mr. E. J. Hill, an ac-
complished botanist, although made four to six decades later,
provide a more complete description of the forest cover of
western New York. Rev. Hill was born at Le Roy in Genesee
County in 1833 and spent much of the early part of his life
in this region at a time during which undisturbed tracts of
forest were still fairly abundant. Hill (1895) reports that:

The most abundant trees of the upland woods are

the Beech and Hard Maple. On light soils, and where
there is a considerable mixture of sand or gravel
with the clay loam, the Oaks predominate, inter-
spersed with Hickory, and sometimes with the Chest-
nut. In colder and higher tracts or along the banks

of streams, the Hemlock, is frequent or even abundant.
The Basswood is common in the richer uplands, among
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Beeches and Maples. Here also the White Ash is most
often seen. . . .

Where the Beech and Maple abound the White Oak
is occasionally mixed with them, but is mostly con-
fined to the low land, where it is much more common
than the Swamp White Oak. The Red Oak is much more
commonly seen with the Beech and Maple. 1In flinty
and gravelly soils the most common Oaks are the
White, Red and Black Oaks. Here also occurs the
Chestnut Oak; it is usually less abundant than the
other kinds and may also be found in the wet lands
(p. 382).

Turning briefly to historical records which pertain

to either of the two physiographic regions, an informative

account of the original timber covering of Orleéans County

indicates in a general way the nature of the forests through-

out the Erie-Ontario Lowland during the period of European

settlement (Arad, 1871).

In its natural state Orleans County was thickly
covered with trees. On the dry, hard land, the pre-
vailing varieties of timber were beech, maple, white,
red and black oak, white wood or tulip tree, bass-
wood, elm, hickory, and hemlock. Swamps and low wet
lands were covered with black ash, tamarack, white
and yellow cedar, and soft maple; large sycamore or
cotton ball trees were common on low lands and some
pine grew along Oak Orchard Creek, and in the swamps
in Barre; and a few chestnut trees grew along the
Ridge1 in Ridgeway, and in other places north of the
'Ridge (p. 29).

In comparison, C. G. Locke's description of the

forests of Cattaraugus County, which pertains to much of the

western Allegheny Upland in New York State, emphasizes the

prevalence of hemlock and pine in this region at the time of

settlement (in Adams, 1893).

lLake Iroquois strandline.
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This table-land was originally covered with a
heavy growth of deciduous trees intermixed with hem-
lock and some pine, and this same description of the
original forest would apply to the entire northern
portion of the county, excepting that pine was
generally found along the low-lands. The southern
part of the county was covered with forest of the
choicest pine and hemlock, with a mixture of de-
ciduous trees. Here we find the home of the white
and red oak and chestnut, which apparently did not
cross the dividing ridge, as very little of this
timber is found in the northern part of the county
(p- 50).

These passages clearly indicate that the forests of
the lowland and upland were of a different type with beech
maple, oaks and other deciduous species predominating in the
former, while a mixed forest of conifer and deciduous trees
occurred in the latter. Most botanists who studied the vege-
tation of this region in more recent years have also made
this distinction. For example, Kuchler (1964) has recognized
three main types of forest in western New York in his treat-
ment of the potential natural vegetation of the contiguous
United States (see Fig. 3B): (1) Beech-maple forest dominated

by Acer saccharum and Faqus grandifolia, (2) Northern hard-

woods forest dominated by Acer saccharum, Betula alleghanien-

sis, Faqus qrandiﬁplig and Tsuga canadensis and (3) Ap-

palachian oak forest in which_guercus alba and Q. rubra are

dominant but generally occur with many other subdominant
species. The boundary between (1) and (2) roughly corresponds
to the Portage escarpment with the Northern hardwoods forest
area in the upland and the Beech-maple forest area in the

lowland, although inclusions of one type are mapped in the
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other and vice versa. The Appalachian oak forest is re-
stricted to the Allegheny River valley and to several small
areas in the upland north of the Salamanca reentrant and
adjacent to the Genesee River. It occurs more widely in the
region of the Susquehanna River drainage immediately to the
east of the area being treated in this study.

Kuchler has drawn heavily on the map of major forest
types in Armstrong and Bjorkbom's study (1956) of the timber
resources of New York State. Although the boundaries of the
units being mapped are essentially the same in both publi-
cations, the units themselves differ somewhat. This is a re-
sult of two different approaches used in the preparation of
the maps. In one case the potential natural vegetation, or
"the vegetation that would exist today if man were removed
from the scene and if the resulting succession were tele-
scoped into a single moment" (Kdchler, 1964, p. 2), is mapped,
while in the other, the actual or "real" vegetation de-
termined by a survey of existing forests carried out during
the period 1949-1952 is represented. Armstrong and Bjorkbom's
work does tell us what the general pattern and composition of
existing forest vegetation is and for this reason a brief
discussion of their units and those of Klichler follows. The
area of currently existing forests in western New York is
given in Table 4.

The Northern hardwoods forest mentioned earlier is

distributionally equivalent to the Maple-beech-birch forest
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type of Armstrong and Bjorkbom. Maple-beech-birch forest is
mapped as occurring widely across the upland but as having a
more restricted distribution in the lowland. It is made up
of stands in which 50 percent or more of the trees are Acer

saccharum, Betula alleghaniensis and Faqus grandifolia either

singly or in combination. In addition Pinus strobus, Tilia

americana, Tsuga canadensis and Ulmus sp. often occur in

such stands. Similarly, the Beech-maple forest region of
Kuchler is nearly the same as Armstrong and Bjorkbom's region
of Elm-ash-maple forest which is comprised of stands in which

50 percent or more of the trees are Acer rubrum, Fraxinus sp.

and Ulmus sp. by themselves or together. The widespread oc-
currence of this forest type throughout the lowland today
indicates the prevalence of swamp forests in this region.
The Appalachian oak forest of Kichler is areally equivalent
to the Oak-hickory forest of Armstrong and Bjorkbom. In the
latter type of forest 50 percent or more of a stand is in
oak species.

Armstrong and Bjorkbom also recognize areas of limited
occurrence of other forest types in western New York not noted
by Kuchler. Small tracts of the White-red pine type have
been mapped southwest of Lake Chautauqua and along Cattaraugus
Creek in southern Erie and northern Cattaraugus Counties, but
since red pine is native to western New York only along the
Genesee River in southwestern Wyoming County (2Zenkert, 1934),

white pine is the dominant species in stands of this type.
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Common associates of white pine include Tsuga canadensis,

Populus spp., Betula spp. and Acer spp. Small areas typed
as Aspen-birch forest occur in the Cattaraugus Creek valley
just west of the white-red pine area, in south-central Erie
County and in north-central Allegany County. These forest
areas are presumably just aspen stands however, because, of
the two birch codominants listed with aspen, only Betula
papyrifera is native to western New York and it is a rare
species that does not occur in either area of Aspen-birch

forest (ibid.). The other birch, Betula populifolia, is

found eastward from central New York State to New England.
The percentages of total commercial forest land by forest
types recognized by the Forest Service in the eight counties
of western New York are given in Table 5.

The distinction between the deciduous forest of the
lowland and the coniferous-deciduous forest of the upland is
discussed more fully by E. Lucy Braun (1951) in her monograph
on the forests of eastern North America. As depicted by Miss
Braun, the boundary separating these two forest types also
coincides with the Portage escarpment (see Fig. 3A). The
Beech-maple forest region, which in this work is mapped as
extending from central Indiana, southern Michigan and western
Ohio around Lake Erie and across southern Ontario and north-
eastern Ohio to northwestern New York State, is located north
of the escarpment, and a portion of the Hemlock-white pine-

northern hardwoods forest region occurs south of it. This
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latter forest region extends westward from maritime Canada
and northern New England across southern Ontario and Quebec
to western Minnesota and includes seven subdivisions, each
of which is characterized by forests of somewhat different
composition which occur in distinct parts of the total
region.

The Mixed mesophytic and the Oak-chestnut forest
regions, as they are mapped by Miss Braun, closely approach
western New York. The former extends from the Allegheny and
Cumberland plateaus northward along the Allegheny River to
southern Cattaraugus County, while the latter occurs across
the east flank of the Appalachians to central Pennsylvania
and northward to southern New England, with an extension up

the Hudson River Valley.

Forests of the Erie-Ontario Lowland
The forests of the Beech-maple region in northwestern
New York are imperfectly known. Although as its name im-

plies, Fagus grandifolia and Acer saccharum are the pre-

dominant forest trees throughout the whole forest region,
many other species are present, and in the Erie-Ontario Low-
land, oaks and hickories are particularly abundant. This
suggests that the beech-maple area in western New York may
hot be solely an eastward extension of the deciduous forest
©of the midwest but that it may also have an affinity to the

Oak-chestnut region of the eastern United States. This
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relationship has been emphasized by Bray (1915). It is also
clearly depicted by Shantz and Zon (1924) who, in their
treatment of the natural vegetation of the United States,
map what they call Chestnut-chestnut oak-yellow poplar
forest throughout the lowland areas adjacent to Lakes Erie
and Ontario, in a wide band on either side of the Hudson
River up to about Glens Falls and in most of the larger
river valleys in the southern part of the Allegheny Upland.
They represent these areas as northern extensions of oak
forests of the same type which occur in broad areas on both

sides of the Appalachians.

Deciduous Forest Region of Southerh Ontario

As the deciduous forests of southern Ontario and
northwesteérn . New York are placed in the same forest region,
the communities which comprise both display many similarities.
. For this reason, Rowe's description (1959) of the deciduous
forest region in Canada, which he designates the Niagara
Section, generally applies to northwestern New York State
and provides a capsule summary of the forests in these areas:

The forest communities are dominated by broad-
leaved trees. The characteristic association .
consists primarily of beech (Fagus grandifolia) and
sugar maple (Acer saccharum), together with bass-
wood (Tilia americana), red maple (Acer rubrum), red
oak (Quercus rubra), white oak (Q. alba) and bur oak
(Q. macrocarpa). Also within this area is found the
main distribution in Canada of black walnut (Juglans
nigra), sycamore (Platanus occidentalis), swamp
white oak (Quercus bicolor) and shagbark hickory
(Carya ovata) with the more widely distributed
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butternut (Juglans cinerea), bitternut hickory (Carya
cordiformis), rock elm (Ulmus thomasii), silver maple
(Acer saccharinum) and blue beech (Carpinus carolini-
ana var. virginiana). Other species with a sporadic
occurrence as scattered individuals or groups, either
on specialized sites or within the characteristic
forest types of the Section, are the following:

tulip tree (Liriodendron tulipifera), black cherry
(Prunus serotina), mockernut and pignut hickories
(Carya tomentosa, C. glabra), chinquapin oak (Quercus
muehlenbergii), chestnut oak (Q. prinus), pin oak (Q.
palustris), scarlet and black oaks (Q. coccinea, Q.
velutina), black gum (Nyssa sylvatica), blue ash

(Fraxinus quadranqulata), cucumber tree (Magnolia

acuminata) ([and] papaw (Asimina triloba). . . . There
is . . . a poor representation of needle-leaved

species, though eastern hemlock (Tsuga canadensis) is
sometimes scattered through upland forests, [and]
white pine (Pinus strobus) occurs locally in small
stands on coarse-textured soils . . . (p. 43-44).

Maycock (1963) has made a detailed study of the de-
ciduous forests of the Niagara Section of Ontario. By
sampling a large number of woodlots and relating his findings
to the water-retaining capacity of the soils upon which a
particular stand was located., he has demonstrated a gradual
shift in the importance of the tree species which comprise
the forests of this area along the moisture gradient. He as-
serts that, rather than being found in distinct natural
groupings or associations, the species behave individualisti-
cally and display independent relationships to the moisture
gradient.

For nearly all of the tree species encountered in his
study, Maycock has calculated an "index of regional im-
portance" which serves well to summarize the overall im-

portance of a particular species in this region. An index
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is computed by adding together the average importance values
for a species in each of the five sections of the moisture
gradient and then dividing this figure by the grand sum of
the importance values for all species in all of the five
parts of the gradient. The sum of the indices will thus
total 100. Of the 56 species treated by Maycock, the follow-
ing have the greatest influence in the deciduous forests of

Ontario: Acer saccharum (13.4), Ulmus americana (11.3),

Fagus grandifolia (10.1), Fraxinus americana (6.0), Acer

rubrum (5.7), Quercus alba (5.0), Q. rubra (4.4), Q. velutina

(4.4), Acer saccharinum (3.2) and Tilia americana (2.8). To-

gether these comprise 66.3 percent of the total regional
influence.
Deciduous Forests of Northwestern
New York

The only available detailed study of the vegetation
of the deciduous forest region in western New York deals
specifically with Monroe County (Shanks, 1966; see Fig. 1).
-However, its findings in general apply to other parts of the
Erie-Ontario Iowland. Although recently published, it was
written before 1943, summarizing field work carried out from
1938-1940, and thus it reflects outlooks and methods differ-
ing from those of Maycock's study. Analysis of notes made by
the first land surveyors, in conjunction with study of ex-
isting woodlots and forest remnants, permitted Shanks to

prepare a map of the original vegetation of Monroe County.
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Measurements by planimetry of the areas covered by the
recognized vegetation types showed that the Beech-sugar

maple type accounted for 61 percent of the original vege-
tation cover. 1In order of decreasing areas the remaining
types were Hemlock-hardwoods (12 percent), Upland oaks and
Oak-hickory (11 percent), swamp forest (6 percent), Oak-
chestnut-pine (4 percent), Mixed mesophytic (2 percent) and
bog forest (2 percent). The remaining 2 percent was occupied
by either marsh land or oak openings. Today in cont<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>