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CHAPTER 10

LAND-USE HISTORY AND FOUR HUNDRED YEARS OF
VEGETATION CHANGE IN NEW ENGLAND

David Foster

“The upland climax vegetation of New England? Trees, of course.”
H. M. Raup

Introduction

Forests in New England are extraordinarily resilient. Despite centuries of cutting,
burning, grazing, deforestation and recent pollution, trees repeatedly return to dominate
most upland sites unless substantial encrgy is expended to exclude them (Raup, 1979;
Smith, 1979; Russell, 1980). The agriculturally motivated deforestation and
reforestation of New England over the past 250 years comprises a serics of ecologically
significant landscape transformations that presage the widespread destruction of forested
ecosystems in many developing regions of the world today. And yet, despite the retum
of forest cover to an extent that may rival that of the presettlement landscape, there are
many questions concerning the long-term impacts of land-use history on the structure,
composition and spatial patterning of modern forests. Equally important are persistent
legacies in biotic and functional characteristics of forest ecosystems that have developed
as z consequence of human activity and historical changes in forest vegetation.

The New England landscape provides an opportunity to examine the long-lasting
impact of extensive land use on forest ecosystems. Lessons learned from such an
analysis may be applied towards understanding other parts of the world where forest
cover has been substantially altered or removed and eventually recovered. In broad areas
of .mosnomnm:&». castern North America, and Central America the current cover of forest
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Figure 1. Relief map of New England depicting the major physiographic regions.

Modified from Wright (1933) and Jorgensen (1977).
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Figure 2. The major forest vegetation zones in New England. The Transition Hardwood
forest extends far north along the low Connecticut Valley and in southern Maine.
Northern Hardwood forest extends sonthward along the White and Green Mountains into
northern Massachusetts. Glacial sandy deposits forming the area of Cape Cod support a
xeric forest of pitch pine and scrub oak species. Modified from Westveld (1956).
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260 DAVID FOSTER

high elevations and latitude, mixed forest in central New England, and oak hardwood
forest in southern New England) have been in place for approximately 8000 years. Since
that tme, however, climate has fluctuated through a series of long- and short-term
trends. From 8$000-5000 BP warmer conditions resulted in expanded northern
ranges(c.g. white pine across Ontario; Bjorck, 1985) and increased elevational range of
some temperate species (e.g. hemlock and white pine in the White Mountains), and
decrease in abundance of boreal species (e.g. spruce; Davis, 1985). Climatic conditions
during this 3000-year period include decreasing precipitation and an increase in the mean
annual temperature of approximately 2°C, but with warmer summers and cooler winters
than today (Davis, 1986). During this warmer, drer period many of our common tree
species (Acer'rubrum, Tsuga canadensis, Fagus, Carya spp.) migrated into southem or
central New England, and a number of sites experienced higher fire frequency (Davis,
1985; Parterson and Backman, 1988).

Progressive cooling of the climate over the last 4000 years has been detected
throughout the northeastern United States (Davis, 1958, 1985; Gajewski, 1987, 1988;
Webb, 1988) wirth the most significant vegetational changes occurring in the last 2000
years (R. B. Davis er al., 1975). A reduction in the elevational and latitudinal range of
many taxa was accompanied by regional increases in spruce 2000 to 1000 years ago
(Picea marigna and P. rubens; Gaudreau and Webb, 1985; Gajewski, 1987; Foster and
Zebryk, 1993), and a broad decline in the abundance of hemlock and beech at many sites
within the past 400-1000 years (Figure 3; R. B. Davis et al,. 1975; Backman, 1984;
Bennett, 1985; Gaudrean and Webb, 1985, Whitehead and Jackson, 1990; Foster and
Zebryk, 1993). One important though somewhat enigratic change during the past 3000
years is the migration of chestnut through southern New England to its present range
limit in southern Vermont and New Hampshire (Paillet, 1982; Russell, 1983; Bennett,
1988b).

Natural disturbance processes
/

Throughout the presettlement period disturbance processes including fire, wind, and
pathogens have altered the vegetation but with variable frequency and intensity across
New England. Collectively these disturbance processes exerted a profound impact on the
local distribution of species, the landscape mosaic of vegetation and the regional
characteristics of forests (Fisher, 1933; Cline and Spurr, 1942).
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Fire was the most prevalent disturbance process, with its importance controlled
geographically by climatic conditions, fuel abundance, and ignition potential (lighming
and aboriginal populations). Analysis of the charcoal and pollen content of lake
sediments suggests that the frequency and overall importance of fire in New England
decreased inland and northward from coastal arcas (Figure 4; Patterson and Sassaman,
1988; Patterson and Backman, 1988). In the sandy and dry environment of Cape Cod,
the coastal islands and southeastern Massachusetts, fires were frequent and maintained an
open oak and pine forest (Backman, 1984 Winkler, 1985; Dunwiddie, 1989). Lower
fire frequencies are recorded in coastal Maine (Backman, 1984), southern Connecticut,
and east-central Massachusetts (Davis, 1969; Winkler, 1985} and evidence of fire is
nearly absent from the northern hardwood forest in western Massachusetts (Backman,
1984) and the White Mountains (Davis, 1985). A recent study in central Massachusetts,
albeit from a low-lying and moist site that should be relatively protected from buming,
documents fires approximately every 1000 years (Foster and Zebryk, 1993). Thus a
general trend of decreasing fire is apparent along climatic gradients (dry and warm to
moist and cool) and vegetational gradients (oak and pitch pine to ~entral hardwoods to
northern hardwoods and spruce-fir). However, a comprehensive evaluaton of the
ecological role of fire in New England is currently preciuded by the very low density of
sites. For example, there is no basis for examining rends related to higher Indian
populations in coastal areas, the major river vaileys, or the Champlain Basin in Vermont.
Nor is it possible to evaluate local differences in fire regime as controlled by
physiography, vegetation ﬁ.mnng, and soil.

Fire undoubtedly exerted an impact on the vegetation at many scales. Regionally,
frequent fires in southern coastal areas would favor a greater proportion of fire-adapted
sprouting species, including oaks, hickory, birch, chestnut and pitch pine. Indeed
palynological and historical evidence indicates a decrease in many of these species with
fire control (Whitney and Davis, 1986; Abrams, 1992). Locally, the distribution of
individual species may have been determined by their susceptibility to fire. Studies have
suggested that hemlock, a highly fire-sensitive species, may have been restricted t0
mesic, protected sites across southern New England due to frequent surface fires
(Bromley, 1935; Cline and Spurr, 1942; Niering and Goodwin, 1974; Davis, 1981a).

Impacts of Indian Land Use
Archaeological evidence indicates a regional gradient of Indian population density
and impacts paralleling that of fire frequency: decreasing from coastal and southern
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Figure 6. Paths of the major hurricanes that have impacted New England from 1600 to present (a) and the
damage inflicted on forests in the region by the 1938 hurricane (b). Damage is indicated in four categories: black
-extreme; stippled -moderate; white within enclosed line - slight. Approximately 3 billion board feet of timber
were windthrown by the storm, more than 600 lives were lost and damage costs exceeded $100 million,
Modified from Smith (1946) and Foster {(1988b). ’
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Figure 7. Expansion of the New England frontier from the late 17th century to 1812, Note the initial
conceniration along the coast and Connecticut River valley during the period of the Indian wars in the 1670s,
followed by rapid expansion. From Robinson (1988).
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272 DAVID FOSTER

products originated from the large river valleys (Gates, 1978; Rothenberg, 1981;
Garrison, 1985). Regional markets included Boston, New York, Montreal, Hartford
and Providence and international rade was substantial (Pabst, 1941; Pruitt, 1981; Baker
and Patterson, 1986).

Commercial Farming and Industrialization

From the late 1700s through the mid-to-late 1800s the economy, social organization
and landscape of New England underwent a complete transformation (Pabst, 1941;
Merchant, 1989; Baker and Izard, 1987). This period embraced a shift from home
production and local consumption to a market farm economy leading to commergial and
intensive agriculture (Bidwell, 1916; Bogart, 1948; Kimenker, 1983; Garrison, 1983).
During this period an extensive fransportation infrastructure developed through road
construction and improvement and the building of canals and railroads (Rothenberg,
1981). New village centers were established and urban areas were developed based on
water power and industrial activity. In response to the availability of new markets for
agricultural goods, New England farmers responded with increased production. This
was accomplished through accelerated clearing of forest land, including marginal sites,
and through land improvement by drainage (Torbert, 1935; Barraclough, 1940).

Beef and wool production remained preeminent until canal and rail connections with
the west and the relaxation of wool tariffs in the 1830s-1840s reduced profit margins on
these commodities (Pabst, 1941). Farming was a productive enterprise for full-time
employment or in combination with small-scale production of manufactured goods.
Most farm families (e.g. > 50% in central Massachusetts; Raup and Carlson, 1941;
Gould, 1950) also engaged in home production of shoes, hats, or clothes and many
farmers derived additional income running tanneries, sawmills or gristnills (Mann, 1889;
Baker and Patterson, 1986). Local induswry thrived. For example, in the mid-1840s
Petersham, Massachusetts, a town of approximately 1800 individuals, supported two
wheelwrights, a button factory, four shoemakers, a laddershop, carriageshop, two
stores, ten sawmills, two gristmills, three tanneries, six blacksmiths, a cidermill and a
cooper: a diversity of enterprise matched throughout the region (Brown, 1893; Fiske,
1979). This was a period of maximum agricultural activity, population density, and
commerce in the hill towns (Willson, 1855; Raup and Carlson, 1941), as well as the
beginning of industrial concentradon. Many towns literally moved downbhill, either
relocating their village center along river banks or establishing separate village sites in
order to utilize water power (Botts, 1934; Torbert, 1935; Gould, 1950; Robinson,
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1988). The factorics, which started small and employed local residents and new
immigrants, progressively grew to become a major source of northern textiles and
wooden products (Botts, 1934: Meeks, Gm@.

The 1830s and 1840s oversaw a revolution in transportation as railroads and ecanals
provided regional and interregional movement for people and goods. It has been
estimated that prior to 1820 the cost of shipment for one ton of material 20 miles by road
in New England was equivalent to the fare for movement of the same material from
Boston to London (Pred, 1966). Efforts to provide inexpensive railroad connections
began in Massachuserts in 1835 with the construction of the Boston-Worcester Raiiroad
and the subsequent Boston-Albany line across the Berkshire Mountains into New York
State. At the end of the 1830s the United States railroad system consisted of a mere 2800
miles of disjointed line; by 1860 it comprised a well-articulated network of 30 600 miles
(Pred, 1966). Canals linked the midwest through Lake Erie (1824), Lake Champlain to
the Hudson River (1822), Providence, Rhode Island to Worcester, Massachuserts
{(1828), and provided flat boat access up the Connecticut River to central Vermont
{Meeks, 1986). The mania for canal construction prompted efforts to connect regions
across extreme obstacles; for example serious but never realizea plans were laid to
connect the Connecticut and Champlain Lowlands via the 800 m divide across the Green
Mountains in Vermont. When successful, such projects provided access to new markets
and encouraged the exponential growth of the valley towns that they reached; however,
reverse flow of new products and alternative sources of goods from distant areas
provided competition for New England farmers. Through the period 1850-70, much of
New England was eventually integrated into the national economy and distribution
network (Meeks, 1986; Merchant, 1989).

Agricultural Decline and Specialization

Transportation, technological improvements and social changes tied to the Industial
Revolution produced major transformations in agricultural and industrial areas of New
England (Black and Wescott, 1959). The availability of inexpensive western grain (e.g.
corn imported from the midwest in 1840 cost $.10 per bushel in Peacham, Vermont,
versus an estimated cost of $.75 for local grown; Bogart, 1948), beef, and other
agricultural goods resulted in a decline in diversified farming and specialization on bulky
or perishable crops including dairy products, fruit, vegetables, poultry, hay and firewood
for the growing urban markets (Chase, 1890; Currier, 1891; Davis, 1933; Donahue,
1984; Baker and Izard, 1987). Crop specialization was determined by distance and
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towns, and the opening of new lands in the midwest and far west (Gould. 1978;
Garrison. 1985). The young left the farms but many of the prosperous farm families
also relocated (Mann, 1889; Barron, 1984).

Rural Transformations During the Last Century

As the populations of rural towns declined there was a parallel reduction in the local
tax base (Willson, 1855; Gates, 1978). Land could be purchased at auctions or bank
sales on speculation, for consolidation into adjoining farms, and for second homes by
urban dwellers (Brown, 1895; Gates, 1978). Auempts were made to revitalize the towns
through agricultural societies, the promotion of tourism (Robinson, 1988) and local
efforts like the establishment of Old Home Days seeking to draw former residents and
departed children back to their native towns. However, many hill towns were gradually
reduced to a residual group of permanent residents and an expanded seasonal population
(Black and Brinser, 1952). Miles of s1one walls, old cellar holes and abandoned roads in
a forested landscape testified to the old agrarian past. This decline contrasted markedly
with the phenomenal growth of nearby mill towns.

The newly formed forests gave rise 10 new activity based on a wide variety of forest
products, including timber, furniture and especially shipping containers. Fields seeded
into white pine, which provided excellent material for boxes, crates and barrels. The ofd
road system provided access for logging operations throughout the backwoods, the
advent of the portable sawmill erabled work on remote forest stands and the rural
Jandscape provided an underemployed population for woods work (Gouid. 1978). The
result was an unprecedented level of cutting activity; by the peak in 1909-1910.
approximately 2.5 billion board feet of timber were being cut annually (Figure 11;
Hawes, 1953). The rimber boom generated increased land trading and speculation

_(Gates, 1978; Behre. 1932), but also resulted in the cutting of the last virgin stands in
southern New England and the production of a largely even-aged forest of low quality.
As the better forests were all cut, and 2ternate forms of packaging were developed., the
intensity of cutting decreased.

Since World War II the urbanization of New England has continued (Meeks 1986).
Villages and towns within an hour of expanding urban and industrial areas have been
strongly affected by suburbanization. Small towns elsewhere have been influenced by
the secondary house market ard a rising interest in country living (Fiske, 1979).
Tremendous expansion of the interstate highway system has greatly reduced travel time
throughout the region and furthered the influence of suburbs on the rural landscape.
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TREND OF LUMBER PRODUCTION
New England 1869-1346
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Figure 11. Changes in lumber production in New England through the period of farm
abandonment and industrialization. The increase in softwood harvesting during the late
19th and early 20th centuries included substantial quantities of white pine growing on
abandoned farm fields. Data from Baldwin (1949).
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280 DAVID FOSTER

from central Massachusetts indicates that the major factor associated with the diszibution
of these larger wooded areas was accessibility: there is a positive relationship between
forest area and distance from roads, houses and village center (Foster 1992).

Slightly more information is available concerning the process of reforestation, due to
the existence of maps from the 1830s, late 1800s and twentieth century (Figure 14).
Reforestation appears to be essentally a reversal of the suggested pattern of
deforestation, driven by the progressive abandonment of agriculturally marginal and
remote sites. The result is the continual expansion and eventual coalescence of individual
wooded areas and the gradual shrinkage and subsequent fragmentation of the remaining
open areas (Fisher, 1921; Spurr, 1956; Foster, 1992). In the modern upland landscape
of New m.:m_w_bn non-forested sites are primarily town or urban centers, residential areas
and agricultural fizlds (MacConnell, 1975). The latter are restricted to the better
agricultural soils, either in broad valleys or at the crest of major ridges (Black and
Westcott, 1959).

Structural changes in the foresis

Paleoecological records indicate that the last 300 years have wimessed the greatest
and most rapid change in upland vegetation since deglaciation 14 000 years ago (Figure
3; Jacobson and Grimm, 1986; Jacobson er al., 1987; Foster and Zebryk, 1593). The
major cause of this change, an acceleration in the rate and intensity of disturbance, has
generated a striking structural pattern in forest communities. On a stand basis the modern
forests are largely even-aged, comprised of trees that initiated through sprouting,
seedling establishment or release after an intensive, large-scale disturbance such as
logging, fire or field abandonment (Frothingham, 1912; Winer, 1955; Smith, 1979).
These human activities have also imposed an oftentimes abrupt patterning of communities
in the landscape in terms of age, height and composition (Figure 14d; McKinnon er al.,
1935; MacConnell, 1975). Across subtle environmental gradients contrastung land-use
histories on adjacent parcels have resulted in sharp changes determined by arbitrary
political boundaries, ownership boundaries, or management decisions (Barraclough,
1940). The result is 2 patchy mosaic of forest and non-forest communities.

The forest mosaic in the modem landscape of New England is determined by a
number of human and natural factors: clear-cutting for fuelwood and timber products,
especially through the 1930s, fires, particularly untl the early 1900s, grazing field
abandonment, and the impact of the 1938 hurricane and associated salvage cutting
(Merrill and Hawley, 1924: Baldwin, 1949; Winer, 1955; Brown, 1960). Based on
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Central Massachusetts Forest Cover
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Figure 12. Forest cover (black) for north-central Massachusets in 1830 at the
approximate peak of agricultural clearance, and in 1980. Major physiographic regions
include the Connecticut Vailey, the rough Pelham Hills, and the undulating Central
Upland regions. Four townships are indicated: D - Deerfield in the Connecticut Valley
Lowland, L - Leverett in the Pelham Hills; P - Petersham in the rural Upland, and W -
Westminster in the mote urbanized Upland. ND indicates no data.
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historical characteristics there are two major classes of forest land in New England: (1)
primary forests on sites that have never been cleared, and (2) secondary forests on
former agriculural land that has reverted back to woodland (Cline and Lockard, 1925;
Stephens and Waggoner, 1980: see Peterken, 1977). Both forest types generally have
been clearcut often followed by fire, so that cutting history is a major determinant of
modern structure.

Across New England, fuelwood cutting was the major use of wood products into the
18380's (Frothingham, 1912; Reynolds and Pierson, 1942), so much so that the potential
for depleting supplies for home, rilroad and indusirial use was a major concern in the
middle part of the nineteenth century (Emerson, 1846; Cook. 1961). Many woodlots
were cut on a 20-40 year rotation in order 10 provide domestic heating and industriai
sources of charcoal and chemicals (Cook, 1961). As much as three-quarters of the
fuelwood cut in the early 1800s went to domestic needs, as the average farm could
consume more than 20 cords per year (Reynolds and Pierson, 1942). In particular
regions, such as the Naugatuck Valley and adjoining uplands in northwestern
Connecticut, hundreds to thousands of hectares were clearcut annually to fuel the brass,
lime and iron industries (Frothingham, 1912; Winer, 1955). Elsewhere, growing town
centers and cities provided a constant demand on the surrounding countryside (Cline er
al., 1938). After the 1830s the mailroad industry required extensive material for ties and
fuel: in Massachuserts alone more than 54 000 cords of weod were used as fuel on 560
miles of railroad during the period 1844-45 (Cook, 1961).

With the development of efficient stoves, access to coal supplies, and concentration
on logging of old-field white pine in the late 1800s and early 1900s, timber and related
forest products finally surpassed heating as the major use of wood. The development of
the portable sawmill enabled logging to proceed in even the most remote stands (Smith,
1970). The resulting cutting through the 1920s reached essentially all old-growth timber

_and most second growth stands of merchantable age (Nichols, 1913). Cutting peaked in
most New England states between 1905 and 1910 (Kneeland, 1918), with approximately
2.5 billion board feet of pine cut annually, in contrast to the 1870s when the annual cut
was less than one million board feet (Barraclough, 1940). Then, in 1938 the hurricane
deswroyed forests across a 100-mile path from southern Connecticut into central Vermont,
prompting an unequaled salvage operation in which more than 3.5 billion board feet of
timber were harvested and stored in ponds and lakes to deter decay undl the logs could be
milled (NETSA, 1943).

Throughout the settlement period and with increasing logging activity, fire became an
important cause of stand regeneration and landscape parchiness (Graves and Fisher,
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1903: Patterson and Backman, 1988; Fahey and Reiners, 1981). Fire was used
extensively following logging to reduce residual slash; frequently these fires as well as
those set by railroads escaped into surrounding areas. By the early 1900s fire was seen
as one of the major deterents to forest improvements and extensive efforts were made to
evaluate its extent and effect and to limit its occurrence (Hawes, 1923; Gould, 1942;
Merrill, 1974).

As early as 1840 warnings were being sounded concerning forest destruction and the
poor quality of New muwmmzn.u woods (Emerson, 1846). By the early 1900s this
message had become a common theme (Massachusetts State Foresters' Office, 1906). It
was recognized that current tax laws, the absence of forest management, and the
onslaught of fire, clear-cutting, grazing and disease had led to a condition of young,
even-aged stands dominated by inferior hardwood species (Cline et al., 1938). The
legacy of the period from 1880-1920, the so-called "Period of Forest Devastation”
(Hawes, 1923), is the even-aged patchwork of stands in the modern landscape (Fisher,
1921).

The even-aged and mosaic quality of the forests pertains as well to New England's
public lands in State and National forests. These forests comprise the bulk of the
preserved land in the region and are often erroneously conceived by the public 1o
represent examples of natural and undisturbed ecosystems. To the contrary, the majority
of public forest land was purchased at extremely low prices due to the young and poor
quality of its timber and its low suitability for immediate productive use (Gould, 1986a).
For example, in the White Mountain National Forest (WMNPF), the largest continuous
forest preserve in New England, over 70% of the area was cut-over (often clear-cut) or
burned between 1870 and 1930 (Gould 1986b). In 1936 it was estimated that few
forests in the WMNF exceeded 40 years of age; the average was less than 20 years.
Haul roads totalling more than 4000 km and over 100 km of railroad wack provided
access throughout the area. Today more than 17 000 ha of this forest has been
designated as Wilderness despite the omnipresent evidence of roads and railroad track
and an average stand age less than 80 years old. To the west in Vermont, a similar story
holds; the largest state-owned forest preserve (Groton State Forest} was established on
land extensively clear-cut and then bumed by fires at the turn of the century.

Changes in species composition

Recognition of the physical structuring of forests in the New England landscape does
not address the question of whether human activity has altered substantially the
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distribution through the historical period. In the pre-settlement landscape white pine
presumably had a patchy distribution, scattered throughout old-growth stands and
dominant only on dry, sandy soils and on fire-prone sites. However, the circumstances
associated with farm abandonment provided a unigue opportunity for the widespread
establishment of white pine (Spring, 1905; Egler, 1940). Fence-row trees and scattered
pines in woodlots represented an abundant seed source in the agricultural landscape.
Grass, thin sod, and Litter provide an excellent seed bed for white pine, which was able
to thrive in the absence of competition on neglected pastures, particularly if grazing
reduced competition with the hardwood species. The gradual abandonment of pastures
and fields in the mid- to late 1800s provided ideal conditions for the development of
massive Ez_n stands (Figure 14). By the turn of the century the volume of white pine
timber exceeded 7 billion board feet and led to the designation of the northeast as the
white pine region (Nichols, 1913). Subsequently, intensive cutting and selective
removal of pine by the 1938 hurricane greatly reduced this abundance (Foster, 1988b;
Gould, 1966). The pine forests provided an excellent site for hardwood (red oak, red
maple, white ash, birch) establishment {Cline and Lockard. 1925) and thus a gradual
succession has occurred through time.

Many smdies have shown that conditions prevailing at the time of field abandonment,
especially seed bed. seed source and the extent of grazing, strongly determine the
composition of the inital pioneers and of the subsequent vegetation. Thus, red cedar in
the south, white pine in the central region and red spruce to the north are favored by
grazing and a pasture seed bed, whereas gray birch, red maple, aspen and paper birch
became established more readily in the absence of grazing and on mineral soil in former
tilled fields (Lutz, 1928; Raup, 1937; Spurr, 1956).

Concomitant with the increase in pioneer and sprouting species through the early
1900s there occurred a decline in some tolerant, mature forest species, notably hemlock,
Jbeech and red spruce, but also including sugar maple and yellow bixch in some areas
(Chittenden, 1905; Egler, 1940; Winer, 1955; Spurr, 1956; Siccama, 1971; Hamburg
and Cogbill, 1988). For beech and hemlock this reduction involved a great aceeleration
of a decline beginning before settlement (Brugam, 1978a/b; Gajewski er al., 1987; Foster
and Zebryk, 1993). Hemlock in particular, is highly susceptible to fire and largely has
been eliminated from upland areas that have bumed in the past two hundred years
(Winer, 1955). Hemlock is seldom climinated by cuning alone, due 1o the abundance of
advanced regeneration (Lutz, 1928; Merrill and Hawley, 1924); however, once it is
removed from an area by fire or land conversion for agriculture, hemlock is very slow to
reinvade (Kelty, 1984). Thus, the presence of older hemlock trees in the landscape has
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been interpreted as an indication of primary forest conditions (i.e. never cleared; see
Figure 15) and a long-term absence of fire (Marshall, 1927; Winer, 1955; Smith 1950;
Kelty, 1984).

‘With the decrease in fire and the elimination of chestut by blight the major trend in
forest composition throughout New England during the twentieth century has been a _
steady increase in long-lived shade tolerant trees especially hemlock and sugar maple
(Spurr, 1956) but also including beech and red spruce in some areas (Egler, 1940).
Effective fire control has enabled the widespread establishment of these species as an
understory component in many stands dominated by less tolerant sprouting species such
as oaks, birch, chestnut (Graves and Fisher, 1903; Smith, 1950; Abrams, 1992). Sugar
maple and hemlock are capable of persisting as advanced regeneration thar ascends into
the canopy through openings caused by mortality or larger disturbance (McIntosh,
1972). Thus processes such as the demise of the overstory chestnut, the 1938 hurricane,
and logging activity serve to release these shade-tolerant species and effectively accelerate
a successional process possibly towards a more self-reproducing canopy (Spurr, 1950
Kelty, 1984; Paillet, 1982; Abrams and Nowacki, 1992).

Grazing, by cattle, horses, sheep and pigs is a final critical, though elusive, factor
shaping forest composition. During the height of agriculture in the mid-nineteenth
century most extant forest areas and woodlots were probably grazed (Graves and Fisher,
1903). As late as the 1930s, Guise (1939) estimated that 48% of New England
woodland was currently pastured, with grazing often accompanied by light burning to
increase the cover of grass. Grazing maintains an open understory, tends to cause a
retention of weedy species and decreases the component of hardwood species. The
prevalence of this practice 50 years ago must be a swong determinant of the existing
composition of our forests.

Despite intense modern interest in forest fragmentation and species diversity,
essentizlly no quantitative information is available concerning the loss of species other
than game birds and mammals resulting from the massive destruction of forest habitat in
the northeastern United States over the past 300 years (Figure 16; Bickford and Dyman,
1990). Few studies have critically addressed the changes in floristic composition or have
successfully examined the relative contributions of land use versus environmental factors
in controlling this composition (Whitney and Davis, 1986; Marks and Smith, 1989;
Foster, 1992). In fact, most efforts to examine impacts of modern fragmentation fail to
even mention the severe deforestation of the temperate forest region that cccurred 2
century and a half ago (see DeGraaf and Healy, 1990). Thus, there has been little
serious attempt in this effort to learn from history.
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stand of old growth white pine and hemlock was uprooted by tornado in 1989, one of the
most abundant species on the disturbed soil was pokeweed (Phyrolacca americang), a
weedy plant characteristic of abandoned areas and road sides. Whether the seeds were
carried in from surrounding agricultural areas by birds or represent long-term storage
from an extremely ancient field, this weedy species came to dominate in a forest protected
for its national narural significance (Patterson and Foster, 1990).

Even on primary forest sites that appear to provide analogues for the original natural
vegetation due to the dominance of shade-tolerant species and old canopy trees, the
composition has changed markedly through the sertlement period. In two separate stands
on the Harvard Forest dominated by mature hemlock (exceeding 100 years in age), 2
history of cutting, windstorm damage and chestnut blight have wiggered major structural
and compositional changes (Figure 15; Oliver and Stephens, 1977; Foster ez al., 1992).
In both cases clear-cutting of hemlock, pine and hardwoods in the 1700s resuited in a
dominance of chestut, birch, oak and other sprout hardwoods. Repeated cutting altered
the relative abundance of these species somewhat; however, the major change occurred
through the demise of chestnut and cessation of cutting that allowed hemlock to become
gradually dominant (see Merrill and Hawley, 1924; Winer, 1955).

“The review of available studies provides ample evidence of major transformations in
the composition of individual stands and extent of individual species. Postsettlement
land use has involved new landscape processes that have driven these changes,
including: altered natural disturbance regimes and novel disturbance processes;
introduction of exotic species including pathogens; modified roles of grazers, dispersers
and pollinators; and long-term changes in soils and their seed pool constituents. The
vegetation at any point in time or space is a result of underlying environmental conditions
and the selective action of these various processes interacting with the available flora.
Across the landscape this intersection of historical and environmental factors creates 2

highly complex mosaic (Smith, 1979). The intensity and frequency of disturbance
. during the modem period has resulted in 2 mosaic that changes more dynamically than
that of the pre-colonial landscape-

Ecosystem Impacts of Land Use and Forest Change

The structural and especially the compositional changes of forest communities
resulting from past land use represent long-lasting impacts. Equally important are the
less obvious modifications of terrestrial and aquatic ecosystem processes. These would
include changes in soil conditions, alterations in hydrology, and medifications of animal
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populations. All of these factors havée important direct effects on forest conditions and
many may continue to affect the productivity of H.H.Bmﬁa ecosystems and feedbacks
between the biosphere and atmopshere.

There is long-standing debate conceming the impact of land use on soil properties
and subsequent fecdback with regard 1o modem forest ¢conditions. Much of this
discussion has been shaped by the strongly held belief that agricultural abandonment in
nineteenth century New England was propelled in large part by the exhaustion of the
nutrient capital of the land through destructive farming practices {Donahue, 1983).
Decreased nutrient availability is thought to affect the modem vegetation through redoced
productivity, slower rates of succession and altered competitive interactions among
species of contrasting nutrient demand.  However, with the recogniton of the many
social factors driving the changes in agricultural practices in the nincteenth and twentieth
centuries, much of this reasoning has been called into question (Raup, 1966; Bell, 1989).

Direct impacts of modern forest harvesting, land clearance and agricnlture have been
used to infer past effects. Forest clearance initiates a series of microclimatic effects that
alter the radiation and moisture balance of forested areas and influence soil properties.
Reduced transpiration increases soil moisture, which combined with increased
temperatures, generally leads to accelerated soil .am.o_ommn& activity, a reduction in soil
organic matter, and a release of nutrients. Increased mobilization of numrients can lead to
loss through leaching and subsurface runoff. Direct modification of the upper soil layers
through plowing or heavy wampling by grazing animals may leave long-lasting physical
changes in terms of soil homogenization and a decrease in microtopography. In addidon,
the reduction in ground cover and distarbance of the soil surface may lead 10 accelerated
erosion. Evidence of increased inorganic inputs and nutrients to aquatic systems and the
deposition of fine soil material in depressions and at slope bottoms indicate that erosion
and the transport of nurients from the uplands has occurred extensively (Brugam,
1978a/b).

Removal of the forest canopy alters wind movement, increasing the velocity across
open areas. One consequence is decreased snow depth, 2 factor that strongly regulates
soil temperatures and frost depth through insulation. Whereas many northern forests
experience essentially no seil frost due to the depth of snow and organic matter,
adjoining cleared areas may freeze to a depth exceeding one meter (Bormann and Likens,
1979). Enhanced frost action disturbs the soil surface, moves stones towatds the surface
and reduces soil biological activity by both large and microscopic organisms.

The long-lasting impacts of these soil changes would be expected to be distributed
differentially across the landscape due to the selective nature of human activities on
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and represent the cumulative impact of changes in the watershed during the intervening
period.

Animals and pathogens

Humans and their impact on the landscape have been tied to major changes in the
abundance and distribution of animal species and major plant pathogens (Figure 16,
Table 1). These, in turn, have affected the forest landscape in innumerable ways.
Information is primarily available for major game animals and economically important
plant pests, although even here much of the data is anecdotal or from indirect sources
(Bickford and Dymon, 1990).

Evidence suggests that most of the large, broad ranging species were largely
eliminated from New England or the northeastern United States during the first episode
of forest clearance. This group would include elk, caribou, wolf, mountain lion, Jynx,
wolverine and marten. From Massachusetts these species plus moose and Indiana bat
have been extirpated to the present and an additional 75 animal species are listed as
endangered or threatened. A number of species have been introduced or have extended
their range northward, especially after 1900. These include coyote, possum, turkey,
vulture, cardinal, mocking bird and the rainbow and brook trout. The vast majority of
species, however, have undergone major changes in abundance even to the extent of
being locally eliminated and subsequently reestablished. The recent expansion of turkey

across New England and the southward spread of moose are major examples. The early
species 1o increase include many edge species such as deer, which was nearly eliminated
in the mid-1800s and has reached densities detrimental to the vegetation in many areas
today. Many of the species increasing today, such as moose and turkey are forest
species that benefit from the great expansion of woodland.

Future Changes in New England's Forests

The major lesson derived from the retrospective view of the forests of New England
is that they are dynamic on geological and historical time scales. Thus, with certainty we
can face the future and expect additional change. Ironically, in an age of global concern
with deforestation and forest fragmentation, one of the major trends observed in the
recent past and anticipated in the near future for New England is a continual aging and
growth of the forests and a net increase in the carbon that they store (Figure 18, Table 2).
With active harvesting proceeding much more slowly than growth there will be continued
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