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Foreword

V

ermont Natural Resources Council (VNRC) is proud to publish this literature
review pertaining to old-growth forests. Old-growth forests are an important
part of our natural heritage in the Northeast, and allowing old growth to return
to the landscape is integral to our eﬀorts to improve the ecological integrity of
Vermont. Even though it will still take hundreds of years to develop true old-growth forest
ecosystems, it is an important goal for our region.
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VNRC has published this literature review to help educate the public about the characteristics of old-growth forest and its diﬀerences with other successional forest stages. This
report was developed to contribute to the discussion regarding the ecological role of oldgrowth forests and their representation on our landscape.
We recognize that all successional forest stages have important roles to play. Wildlife
species rely on a mix of habitat conditions ranging from early successional to late successional habitat. Old-growth forests, historically a large part of the northern New England
landscape, contribute to biological diversity. In fact, we are still discovering the many ways
in which old-growth processes inﬂuence our natural world.
This literature review begins the ﬁrst in a series of technical publications from VNRC in
furtherance of our mission to protect Vermont’s natural resources and environment through
research, education, collaboration, and advocacy. We look forward to sharing additional
research and technical expertise to help make informed decisions regarding the stewardship
of our natural resources.
— Jamey Fidel
Forest Program Director
Vermont Natural Resources Council

1

Blake Gardner

Giﬀord Woods Natural Area: This National Natural Landmark preserves a small
ancient stand of maples that may have been sugared sometime in the last 400 years. With
many decaying logs, old-growth trees, and an extensive ground cover of ferns growing from
the rich dark earth, these few acres oﬀer a glimpse of what forests looked like before they
were removed.
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Introduction

F

orests are complex ecological systems consisting
of trees, shrubs, herbaceous plants, mosses,
liverworts, fungi, soil, water, air, numerous species
of microbiota that are invisible to the unaided
eye, and animals, from the largest mammals to the smallest
insects. Ecosystems are built on interconnection – all the
species in a forest are interconnected through numerous
pathways such as nutrient and water cycles and predatorprey and plant-herbivore interactions. The species, the
physical earth, and the myriad interactions deﬁne an
ecological system, and because all the parts are fully
interconnected, changes to a species, a process, or a characteristic of the soil, air, or water cascade through the forest
and lead to other changes.
Old-growth forests, often simply called “old growth,” are
forest ecosystems that are dominated by old trees and have
unique characteristics of stand structure (sizes, ages, spacing
of trees) and species composition (including all forms of
life), dead wood, and ecosystem function (Barnes 1989,
Ontario Ministry of Natural Resources 2003). Old-growth
forests also feature disturbance regimes that are natural to
the locale and show relatively little human disturbance.
Diﬀerent forest types diﬀer in the way these old-growth
characteristics are expressed, but regardless of forest type,
old growth has its own unique set of characteristics.
From scientiﬁc studies summarized below, the evidence is
clear that eastern North American old-growth forest has
certain characteristics, species, processes and interactions
that either do not occur or are rare in younger forests.
Old-growth forests are an element of the natural diversity
of life on earth. In the Northeast, old-growth forest
ecosystems were the predominant land cover and were the
arena where the evolution of species and their ecological
interactions took place for thousands of years. As we strive
to conserve biological diversity from the scale of genes to
ecosystems, it is important that we conserve old growth in
its natural spatial pattern – large, continuous expanses.
Changes to a forest ecosystem may be immediate or not
apparent for long periods; they may be large and obvious
or small and hidden from view. The forests that developed

in northeastern North America after the retreat of glaciers
over 10,000 years ago went through many changes, due
to a gradually changing climate and to the migration of
plants and animals from southern non-glaciated lands
and northern refugia. In areas of relatively dense Native
American populations, such as southern New England,
cultural practices changed parts of the forest to a greater
degree than in areas where few people utilized the
landscape (Whitney 1994). When European settlers entered
the forests of New England, they encountered extensive
tracts of old-growth northern hardwood, oak-hickory, oakpine, and spruce-ﬁr forests. In less than half a century in
any given region, the forested landscape was transformed
to one that was either agricultural or heavily logged.
Although much of the forest has regrown from landclearing and unsustainably intensive logging, the secondary
forests are not the same as those that existed previously.
The new forests have diﬀerent proportions of species, and
some species have apparently been lost from large parts of
the landscape; they have mosaics of habitats that now occur
in diﬀerent proportions and patterns; and they have altered
interactions and processes.
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The remnant areas of old growth give us clues to the
composition, processes and patterns that once dominated
the landscape. Despite the scientiﬁc inquiry that has
examined eastern old-growth forests for at least a century
(e.g., Nichols 1913, Harper 1918, Bromley 1935, Jones
1945), eastern North American old-growth forests are
ecosystems that are not understood as well as many other
forest types. The lack of places where old growth occurs
and can be studied, interpreted, and understood, is the
primary reason that so little is known about eastern
old growth. Only 0.4% of the current forestland in the
Northeast is old growth, and no region in the eastern
deciduous and mixed forest zone has more than 1.1% old
growth (Davis 1996). Nevertheless, the evidence gleaned
from old-growth remnants in eastern deciduous or mixed
forest and in other temperate forest types clearly indicates
that old-growth forests do in many ways diﬀer from their
younger counterparts. In order to understand old growth
and how it diﬀers, this paper presents a summary of what
is known about some of the diﬀerent species groups of
the forest – plants, fungi, insects, mammals, birds, and
amphibians. It also discusses parts of forests that go unseen
– soil and various interactions that create and maintain the
forest ecosystem.
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Forest Vegetation –
Composition,
Structure and
Dynamics

O

ld-growth forest is a stage in a forest’s
development. In eastern deciduous forest it
is characterized, among other things, by an
uneven-aged canopy with numerous old,
large trees, abundant dead wood, and many canopy gaps.
Old growth is not a static end-point in the life of the
forest; ongoing growth, death, and disturbances of diﬀerent
types contribute to an ever-changing forest (Tyrell
and Crow 1994, Runkle 1998, Runkle 2000, Woods
2000a, 2000b). The “ecological essence” of old growth is
continuity – as trees of one generation approach old ages,
at about one-half of the maximum longevity of the species,
they are replaced by trees of the next generation (Cogbill
1996). Old-growth forests diﬀer from younger stands in
many ways, including tree species composition, distribution
of tree sizes, number of trees per acre (density), number
and sizes of canopy gaps, and dead wood. Even stands
that exceed 100 years old and are sometimes described as
“mature” diﬀer from old-growth forests.

Tree Age, Size and Density
The canopy of old-growth eastern deciduous and mixed
(deciduous-coniferous) forests includes trees of a wide range
of sizes and ages; in ecological terminology, the forest is
uneven-aged and has diverse structure. Unlike younger and
managed forests, a substantial percentage of the canopy trees
in eastern and midwestern old-growth forests are greater
than 20” diameter at breast height (dbh), and there are many
trees that exceed 30” dbh (Nichols 1913, Lorimer 1980,
McGee et al. 1999, Hicks and Holt 1999, Abrams et al. 2000,
Hura and Crow 2004). Such larger trees are either absent
or are very few in younger forests, and that has implications
for the habitat of other species and for nutrient cycling, as
will be discussed shortly. The oldest-lived species of trees
in northern hardwood, spruce-northern hardwood, and
hemlock-northern hardwood forests – sugar maple, beech,
and hemlock – can live over 300 years; red spruce can
exceed 400, and hemlock’s maximum age is approximately
600 years (Leopold et al. 1988, Cogbill 1996, Lorimer et al.
2001, Tyrell and Crow 1994).
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Since tree size is strongly correlated with tree age, it is
those forest elders that represent the large trees that are
ever so important for providing the full spectrum of
habitats as well as the natural disturbance pattern native
to our eastern forests. In the Lake States, where more
old-growth northern hardwood forest exists than in New
England, researchers found that one-half of the canopy
trees in an old-growth forest had attained ages of 200
or greater, and the average time of a tree residing in the
canopy was 128 years in sugar maple-dominated forests
and 192 years in hemlock-dominated forests (Dahir and
Lorimer 1996). In a related study, the average age at death
for sugar maple was 215 years and for hemlock 300 years,
while the maximum ages recorded were 328 and 513
for the two species respectively (Lorimer et al. 2001). In
western Massachusetts, the oldest hemlock in old growth
were 300 to 400 years, sugar maple were 200-250 years,
and the senior white pine were 200 years old (Dunwiddie
1993, Abrams et al. 2000). Based on tree-age distributions, several scientists have postulated that the transition
from mature forest to a later stage with the characteristics
of old growth does not occur in northern hardwood and
hemlock- or red spruce-northern hardwood types until a
stand is 180-215 years old (Cogbill 1996, Dunwiddie et al
1996, Lorimer et al. 2001). When dead-wood characteristics are considered, however, as discussed below, it has been
found that 275-300 years are required before old-growth
features develop (Tyrell and Crow 1994).
Old growth is structurally diﬀerent from other developmental stages not only because there are numerous large,
old trees, but also because there are fewer trees per acre
(Tyrell and Crow 1994, Schwarz et al. 2001). In some old
growth, all size classes of live trees tend to have fewer stems
per acre, while in other stands this pattern has not been
observed. Although there is large variability by forest type
and physical conditions such as slope and soil moisture
(that is, diﬀerent forest types are characterized by diﬀerent
structure), basal area (a measure of the amount of wood
(tree biomass) in a stand) tends to be greater in old growth,
and stands with hemlock consistently support even greater
tree biomass than other types (Dunwiddie 1993, Tyrell
and Crow 1994, Whitney 1984, Cogbill 1996, Schwarz et
al. 2001). Old-growth conifer forests, such as the spruce
forests of New England’s montane zone and northernmost lowlands and the ﬁr forests of Newfoundland, have
been found to have similar attributes of larger trees, and
they additionally have a more ragged canopy formed by
greater diversity of tree heights (Cogbill 1996, Thompson
et al. 1999). In some other forest types, diversity of tree
heights was provided by species that tend to grow taller

and emerge above the general canopy, such as white pine,
rather than by the presence of diﬀerent-sized trees of the
canopy dominants (Whitney 1984, 1994, Dunwiddie et al.
1996).

Dynamics – How Old Forests Change
Forests change as trees grow and die. Changes happen
relatively quickly in young forests that are recovering from
moderate or severe human or natural disturbances. Many
of us are familiar with succession, the dense growth of tree
saplings and blackberries that ﬁlls large openings in the
forest, and the several decades of very rapid changes that
ensue. The early successional trees, such as pin cherry, paper
birch and aspen, need high levels of light to germinate and
survive, and they have one-third or less the longevity of
the older forest denizens. As the early successional trees die,
the later successional species, which are able to grow and
survive in the shade of a forest canopy, gain dominance.
Once the longer-lived, mid- and late-successional trees
gain prominence in the canopy, the changes to the species
composition and the structure of the forest come more
slowly, but the forest continues to change even after 375
years without major disturbance (Tyrell and Crow 1994).
Through these changes, old growth gains unique characteristics, such as many canopy gaps, abundant dead wood,
and, as discussed below, the development of habitat for
numerous species that ﬁnd resources in the structural
diversity of live and dead trees, the deep litter of the forest
ﬂoor, and the soil.
The principal type of change in older northern hardwood
forests is “gap formation.” Gaps have been intensively
studied in many forests young and old. The pattern of gaps
(including their number and size in a forest) is integral to
the population processes of trees, shrubs, herbs and animals.
Gaps are formed when one or several trees die and thus
make space for other trees to grow. Small-gap formation
by the death of one or a few trees is the commonest
disturbance in old forests (Foster 1988a, Mladenoﬀ et al.
1993, Tyrell and Crow 1994, Dahir and Lorimer 1996,
Runkle 1998, Runkle 2000). Because there are larger trees,
as well as fewer trees, the gap pattern in old-growth forests
diﬀers from that of younger forests. Most old-growth
forests have more gaps than stands of younger ages, and the
gaps tend to have a larger average size and cover a greater
percentage of the forest area. Even though the gaps in old
growth are larger, single trees create over three-quarters of
gaps in old growth. Also, although larger than natural gaps
in younger stands, the gaps are really rather small; average
size is about 500 square feet, or 1/100 of an acre, and the
larger ones are only approximately 2,000 square feet (Tyrell
and Crow 1994, Dahir and Lorimer 1996). In a study of
old-growth stands aged 177 to 374 years, it was discovered
that the total area of gaps continued to increase with age;
that is, the gap structure had not reached equilibrium in
the forest even after 374 years without severe disturbance
(Tyrell and Crow 1994). Nevertheless, the basal area, tree

density (in all size classes) and sapling and seedling density
did level oﬀ after 275-300 years (Tyrell and Crow 1994,
Woods 2000a, Woods 2000b).
The characteristically small size of old-growth gaps is very
important with regard to the tree species that colonize
gaps, and thus to the continuity of the composition of
the tree canopy. Because the great majority of gaps are
no greater than 1/100 to 2/100 of an acre, the dominant
overstory trees are able to replace themselves in most
situations, and in few gaps do species other than the
canopy dominants establish. Species that are often thought
of as “gap specialists” – yellow birch, white ash, and
basswood – appear to much less frequently colonize gaps
in old-growth forests; rather, such species apparently need
a coalescence of several gaps, a more severe disturbance,
or, in the case of yellow birch, uprooting of trees to create
areas of bare soil (Nakashizuka 1989, Houle 1992, Dahir
and Lorimer 1996, Runkle 1998, Peterson and Pickett
2000). It has thus been observed by resampling plots in old
growth 60 years after they were initially sampled, that the
abundance of yellow birch declines as northern hardwood
forests reach ages over 200 years (Woods 2000a). Since
only 6-25% of the gaps in old-growth forests were found
to have been created by tip-ups, not much soil is bared, and
yellow birch declines as a forest ages (Dahir and Lorimer
1996, Runkle 2000). These dominant natural disturbance
patterns diﬀer greatly from the changes that result from
human management, and thus the species composition,
age- and size-structure, and gap structure diﬀer substantially between old growth and younger, managed forests.
Northern deciduous forests are “slow systems.” That phrase
has been applied because the dominant trees reside in the
canopy for 150 or more years and stand-initiating disturbances occur very infrequently (on the order of 1,000
years or more) (Woods 2000a). Forests of southeastern
New England are close enough to the Atlantic Ocean
that hurricane disturbance is much more frequent than
in northwestern New England (Boose et al. 2001). With
regard to disturbance regime, forests in Vermont, western
Massachusetts, northern New Hampshire, and northern
New York are more similar to those in the Lake States of
Michigan and Wisconsin than to those forests adjacent
to the south and coastal regions. Northwestern New
England was found to have a mean hurricane return time
of over 200 years for minor storms that produce scattered
blowdowns and small gaps and over 380 years for storms
that result in extensive blowdown and large gaps (Boose et
al. 2001). Furthermore, many stands may be in landscape
positions that are more protected from storm disturbances
and may not see severe weather for 1,000 years or more
(Lorimer 1977, Foster 1988a, Foster 1988b, Seischab and
Orwig 1991, Cogbill 1996, Boose et al. 2001). Forest
history analyses of stand-initiating disturbances in northern
and western Maine indicated that 55-60% of the northern
forest was originally greater than 150 years old, and due to
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similar forest disturbance patterns, that proportion can be
extrapolated across northern New England and New York
as well (Cogbill 1996). Thus, over half of the forest that the
European settlers saw in the region was old-growth forest.
Although the presettlement forest was comprised of
the same tree species that we encounter in the postdisturbance forest, they occurred in substantially diﬀerent
proportions (Siccama 1971, Seischab 1990, 1992, Marks
and Gardescu 1992, Cogbill 2000, Cogbill et al. 2002).
Beech, spruce, maples (mostly sugar maple) and hemlock
were the four dominant trees of northern New England
and New York (Cogbill 2000, Cogbill et al. 2002). In the
post-logging forests of the region, beech has declined
to one-ﬁfth of its presettlement abundance, and there
have been substantial declines in spruce and hemlock
also (Siccama 1971, Cogbill 2000). Such drastic change
in the abundances of dominant species has implications
for food chains, cycles of wood and litter decomposition,
populations of the organisms involved in decomposition, and resources for numerous animal species. Research
involving insects, fungi, and lichens that will be discussed
below has highlighted some of these relationships; however,
since old-growth remnants are so few and so small, it is
diﬃcult to correlate tree composition and abundance
changes to other alterations.
Because large, intense disturbances occur only infrequently,
the natural northern hardwood and mixed forest landscape
of northern New England, New York, and the Lake
States was dominated by old, uneven-aged stands, but
also included patches of single- or several-aged stands
representing diﬀerent stages of successional development
(Frelich and Lorimer 1991). In a comparison of an oldgrowth landscape and a typical disturbed landscape like
those that dominate the eastern forest, it was found that
the disturbed landscape had a smaller range of patch sizes,
patches with simpler shapes, and more patches (Mladenoﬀ
et al. 1993). Whereas the old-growth landscape had
maximum interspersion of both forest interior and patches,
the disturbed landscape had lower connectivity and greater
habitat isolation. In short, disturbed landscape had an
artiﬁcially elevated diversity of successional forest types
at the expense of what naturally would be the common
matrix, old-growth forest. In changing the patch pattern in
the forest, humans have created many high-contrast edges
that are not part of the natural workings of the forest.
The high-contrast edges in the natural landscape were
most pronounced between upland and wetland natural
communities. The successional patches interspersed within
the old-growth landscape featured softer edges characterized by a lower contrast in forest structure than was
observed in the manipulated forest landscape. Thus, our
utilization of the forest has changed habitat proportions,
contrast, and juxtapositions at the landscape level, which is
a scale of great importance to maintaining populations of
wide-ranging and migratory species.

Not only does the pattern of gaps and successional patches
diﬀer among old growth and other forest stages, but also
the death of trees and distribution of tree death by size
class diﬀer. The rate of tree death was four times greater
in old-growth forest than in both forests in younger
successional stages and forests that were selectively logged
100-170 years ago (Lorimer et al. 2001). The large-tree size
classes in old growth are very dynamic, with continuous
death as well as recruitment from smaller size classes.
About 1% of the trees in an old-growth forest die each
year, and for the larger sizes (greater than 20” dbh), up to
3% mortality per year has been measured (Runkle 2000,
Lorimer et al. 2001). Despite this rate of death, the percent
of the trees accounted for by large stems remains stable or
even increases, due to the growth of smaller stems into the
large size class. This continual death of trees is integral to
the dead-wood component of the forest ecosystem, and,
as is discussed in the sections below, dead wood is a part of
the forest that is involved in many processes related to soil,
nutrients, and wildlife habitat.

Coarse Woody Debris
Dead wood is a feature that diﬀers strongly between old
growth and younger forests. It is customary to diﬀerentiate between snags, which are standing dead trees, and
downed wood; snags and downed wood provide special
habitats that cannot develop elsewhere in the forest, and
both are very important for the existence of the natural
array of habitats necessary to support the full biodiversity
of wood-decomposing species in the forest. Also, in New
England, one-third to one-half of amphibian and mammal
species rely on standing or downed logs for some aspect
of their life histories (DeGraﬀ et al. 1992 cited in McGee
et al. 1999). Among eastern forests, those that are cooler
(northern hardwood, northern hardwood-hemlock) tend
to have greater amounts of coarse woody debris than
the warmer types that occur at lower latitudes or lower
elevations; cooler-climate forests not only have slower
decay rates, but also receive higher input of dead wood due
to snow and ice-loading (Muller and Liu 1991, Hardt and
Swank 1997, McGee et al. 1999).
The natural functioning of the forest depends on the
presence of dead wood in large and small size classes and
in newly dead to highly decomposed decay categories. The
functions and role of woody debris in the forest are very
complex, and we still know very little about it in eastern
deciduous forest. Nevertheless, it is clear that coarse woody
debris is very important to nutrient retention and cycling,
as well as species diversity and abundances of insects,
fungi, mosses and liverworts, and vertebrates (Harmon et
al. 1986). The functional importance of dead wood will
become apparent in the discussions of diﬀerent animal
groups, for many species require or preferentially utilize
dead wood. The following paragraphs address the characteristics of dead wood in old growth.

Old growth throughout the eastern deciduous forest
region generally has two to four times as much coarse
woody debris compared to forests logged 100 years ago
(Tyrell and Crow 1994, Goodburn and Lorimer 1998,
McGee et al. 1999, Spetich et al. 1999, Runkle 2000, Fisk
et al. 2002, Fan et al. 2003, Hura and Crow 2004). Snags
and downed logs are continually created; natural forest
dynamics produce approximately two snags per ﬁve acres
each year, and nearly 10% of these may fall to the forest
ﬂoor annually (Runkle 2000). Typically, old-growth eastern
deciduous forests feature four to ten snags per acre, which
in most studies has been found to be at least twice as many
as in either recently managed forests or forests that were
logged a century ago but have not seen active management
since. Old-growth hemlock-northern hardwood forests
have even more snags, as many as 16 per acre (Goodburn
and Lorimer 1998). Additionally, the size of dead trees is
signiﬁcantly greater in old-growth forests; younger stages
of development tend to have very few snags greater than
20” dbh (Goodburn and Lorimer 1998, McGee et al.
1999, Spetich et al. 1999, Hura and Crow 2004). In old
growth in the Adirondacks and the Lake States, large trees
constituted 20-30% of all snags, whereas the big trees
comprised a mere 0-1% of the snags in younger forest
classes (McGee et al. 1999). Similarly, the same study found
that large logs accounted for nearly 20% of the downed
dead wood in old growth but only 4-8% in younger
forests.
Snags and downed logs in the large size classes cannot
be created in young northern hardwood forest, for they
do not develop until a stand is at least 170 years old and
the large, old trees begin to die. The large-diameter dead
wood, in addition to its importance in regulating energy
ﬂow and nutrient cycling, is important habitat for largebodied species such as marten, ﬁsher, raccoon, and pileated
woodpecker. It is also important for plants and small
animals; for instance, soil beneath rotting logs harbored
greater nematode density and root biomass than did soil
under leaf litter (Ausmus 1977 cited in Harmon et al.
1986), and mice selected logs to travel on more than any
other type of substrate in the forest (Barnum et al. 1992).
Small-diameter logs decompose faster than large-diameter
ones (for any given species), and the diameter-decay
relationship along with the more continuous creation of
coarse woody debris in old growth contribute to both
greater abundance and a more continuous supply of deadwood habitat features.
Because old-growth forests both receive a continuous
supply and have had more time to accumulate dead wood,
they also feature a greater diversity of decay classes (Hura
and Crow 2004, Tyrell and Crow 1994). The presence of
rotting wood at diﬀerent stages of decay is very important
to the diversity of insects, the provision of germination
sites for plants (and thus the structure and species
composition of the tree and herb layers), and nesting and

feeding habitat of birds and other animals. Despite the
fact that dead wood always eventually does decompose
and become incorporated into soil as organic matter, no
leveling oﬀ of snag basal area or coarse woody debris
volume was observed in the study of old-growth forests
aged 177 to 374; rather, both of those measures of dead
wood were seen to increase linearly with stand age (Tyrell
and Crow 1994). Density of snags did, however, show a
leveling oﬀ at age 275 to 300.
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Cavity Trees
Just as coarse woody debris is more abundant in old
growth, so are tree cavities, holes in dead or live trees.
Cavities have received a great deal of attention from
wildlife managers, because many bird and mammal species
require them for shelter and/or breeding habitat. Oldgrowth forests in the Midwest were found to have ﬁve
times more cavity trees per acre than younger forests, and
nearly one-third of all trees over 12” dbh in old growth
had cavities (Fan et al. 2003). Similarly, in the Lake States
old-growth forest had 30% more cavity trees than unevenage forest managed for timber and wildlife, and larger trees
were more likely to have cavities (Goodburn and Lorimer
1998). In that study, the managed stands had more “wildlife
trees” retained per acre than was even called for in the state
forestry guidelines.
Not all cavity trees are dead. In fact, both of the studies
cited above found that a very large percentage (as much
as 85%) of cavities were in live trees, pointing out that live
trees perform a function that is often thought of as being
most connected to snags. Both live and dead large trees
play important roles that scientists are just beginning to
document and understand. Further discussion of cavities
continues in the sections below that concern diﬀerent
animal groups.

Forest Herbs and Seed Banks
Eastern old growth characteristically has more herb species
and greater herb cover than previously logged stands
(Duﬀy and Meier 1992, Meier et al. 1996). In Appalachian
Mountain forests, herb species diversity was nearly double
in old growth and cover was 2.5 times greater compared
with stands logged 50-85 years prior. Among secondgrowth forests, only moist (mesic) areas had extensive herb
cover, another indication that diﬀerent forest types within
a landscape respond diﬀerently to human manipulations.
A study of western trillium in the Paciﬁc Northwest
provides some understanding of the processes that may
be aﬀecting forest herbs when logging occurs (Jules 1998,
Jules and Rathcke 1999). Even after 30 years, there was
no recruitment of trillium into heavily logged areas, and
forest edges adjacent to the logged areas also experienced
almost no recruitment. In unlogged forest interiors,
trillium reproduction was at higher levels. In addition to
the changes to the forest-ﬂoor moisture and temperature
regime, changes in rodent communities that accompany
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logging may be detrimental to the reproduction of trillium.
In old-growth forest in Michigan, herbaceous species
responded diﬀerently according to the density of saplings
in study areas, and it appeared that competition with
sugar maple saplings strongly determined patterns in the
herb layer (Miller et al. 2002). Sugar maple has increased
substantially in the post-logging northern hardwood
forests, and this may have altered the herb community for
centuries to come. In addition to sapling density, the distribution of both coarse woody debris and pits and mounds
on the forest ﬂoor were important for maintaining plant
diversity in the old-growth forest. From the canopy to
the forest ﬂoor, the disturbance pattern and the regeneration dynamics of trees has an immense impact on all forest
species and their population dynamics. The living and dead
large trees, the creation of pits and mounds, the abundance
of small openings and scattering of large ones, and the
amount and continuous input of coarse woody debris all
diﬀer between old growth and younger forests, and these
forest characteristics and processes are strong factors in
determining the population levels of the smaller plants
(Gilliam and Roberts 2003).
Once seeds fall to the ground, their fate is little noticed,
but in yet another element of the forest ecosystem, old
growth diﬀers from secondary forests. Seed banks (buried
seed supply) in old-growth stands, including a deciduous
forest in Quebec, frequently feature more species than
are found in seed banks in younger forests (Pickett,
and McDonnell 1989, Leckie et al. 2000). Additionally,
beech-birch-maple forest over 200 years old had greater
abundance of seeds in the seed bank compared with
95-year-old forest of that type (Graber and Thompson
1978). Diﬀerences in canopy composition (deciduous vs.
coniferous), soil type, and organic-matter decomposition
rates appear to have strong control on seed banks, and
those factors must be considered when comparing seed
banks among forest age classes (Pickett and McDonnell
1989, Leckie et al. 2000). The available research shows that
old growth characteristically has greater seed diversity and
abundance than younger stands.
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Numerous studies have documented the importance of the
seed bank to the process of gap revegetation (Oosting and
Humphreys 1940 and Marquis 1975 both cited in Pickett
and McDonnell 1989; Mladenoﬀ 1985), and the amount of
gaps and their importance to the animal species of oldgrowth forests is a theme that is continually re-iterated
in old-growth forest research. Work in Quebec and Japan
has shown that many species in old growth do bank their
seeds, and old-growth seed banks more closely resemble
the aboveground native vegetation than has typically been
found in forests after human disturbance (Nakagoshi
1984, Nakagoshi 1985, Leckie et al. 2000). Additionally,
it has consistently been found that the spring wildﬂowers
– familiar species such as trillium, spring beauties, hepatica,

and Dutchman’s breeches, whose colorful abundance paints
the forest ﬂoor prior to the leaf ﬂush of the trees – are
not represented in the seed bank. The spring wildﬂowers
depend on propagation from the current year’s seeds as
well as vegetative reproduction from underground parts
(Leckie et al. 2000). Although these few studies have shown
that old-growth seed banks diﬀer from those of younger
forests, not enough is known to be able to explain the
signiﬁcance of seed-bank diﬀerences to the composition
and function of the forest ecosystem.

Lichens, Mosses, and Fungi
Lichens are an often overlooked, but very common
component of forests. They are important in nutrient
cycling processes, for they take-up nitrogen and other
elements from the atmosphere, and they send them
downward in the forest as litter and dissolved in water
(Esseen et al. 1996). Lichens also serve as food and shelter
for many mammal, bird, and invertebrate species. Research
in North America and in Europe has shown that the
community of epiphytic lichens (those that grow on tree
trunks and branches) in old-growth forests diﬀers signiﬁcantly from that in more disturbed forests (Stevenson
1988, Neitlich 1993 both cited in Esseen et al. 1996; Rose
1992, Lesica et al. 1991, Esseen et al. 1996). Coniferous
forests have seen the most documentation of old-growth
lichen communities. In both Montana’s ﬁr forests and
Europe’s spruce forests, lichens were two to six times
more abundant in old growth (Lesica et al. 1991, Esseen
et al. 1996). Species of broad, foliose as well as pendulous,
fruticose lichens have been observed to require late-successional to old-growth conditions to become abundant. The
more equable climate and the longer time available for
lichen propagules to colonize tree branches and trunks
were implicated as features related to the much greater
abundance of some lichen species in the old-growth and
late-successional stands.
Mosses and liverworts, together known as bryophytes, also
are diﬀerent in old growth versus managed forests. Up to
50% of the species of bryophytes in old growth did not
occur in the younger forests (Lesica et al. 1991,Vellak and
Paal 1999). Liverworts may be more sensitive to loss of
old growth than mosses; 30% of the bryophyte species in
Estonian old-growth forest were liverworts, whereas in
the managed forest liverworts accounted for only 17%
(Vellak and Paal 1999). Of the 20 species that grew only
in old growth, nine lived on decaying wood and three
on the trunks of large trees; thus, once again we see the
importance to other species of the coarse woody debris
and large-diameter trees characteristic of old growth.
Fungi also have been found to be more diverse and more
abundant in old-growth forest compared to managed
forests (Smith et al. 2002). In the Paciﬁc Northwest, 20%
of the fungus species and 8% of the genera were unique
to old growth, and ﬁve of the genera contributed a higher

proportion of the fungal biomass in old-growth forest. The
researchers concluded that fungus species composition
and abundance were altered due to forest management,
and species or genera unique to a certain age class were
much more likely to be restricted to the old-growth stands.
Fungus species that produce spores below ground are
an important part of the forest ecosystem, for they have
functions in tree regeneration and growth and are a food
resource also; these are discussed below in conjunction
with the small mammals that disperse their spores. In
Finland, researchers discovered that an old-growth forest
specialist bracket fungus, Fornitopsis rosea, was the base of
a food chain that supported many old-growth specialist
insects; fragmentation of the forest has truncated that food
chain and led to loss of species in isolated old-growth
fragments (Komonen et al. 2000). Such relationships
among old-growth specialist species in groups that are
not well known, such as invertebrates, fungi, bacteria, and
lichens, may persist in tiny old-growth patches in the East,
or the interrelationships and the old-growth specialist
species may have been lost entirely.

Plant Genetics
Genetic diversity has eroded worldwide as diverse natural
vegetation is homogenized into ﬁelds or plantations of
one or several species. How much genetic diversity was
lost in the clearing of the eastern forests? That question
can never be answered satisfactorily, but research from
old-growth white pine forests that were recently logged
clearly indicates that genetic erosion had occurred in the
harvested populations (Buchert et al. 1997). Seventy-ﬁve
percent of the standing trees were harvested from the
studied stands, and that resulted in a 25% reduction of
the genetic diversity. Of great concern is that 80% of the
alleles (alternative forms of a gene) that were rare in the
populations were lost, and 40% of those that occurred
infrequently were also lost. Thus, the genetic potential
of each old-growth pine stand was reduced by approximately 50%, and the ability of pine populations to respond
to changing environmental conditions may have been
substantially compromised. Clearly, the loss of so much
old growth in the 18th and 19th centuries diminished
the gene pool of not only the dominant tree species, but
also of all other forest species, whose populations were
greatly reduced in that time period as well. It will require
numerous tree generations (150 years or more) for those
species to develop mutations to replenish the genetic
diversity that natural, undisturbed forests contain.
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Birds
Old-growth forest provides habitat structures and a
landscape pattern that favors greater abundances of some
bird species. No birds of the eastern deciduous forest are
known to require old growth, but it is suspected that the
changes resulting from forest clearing and the downaging of the eastern forests aided, hastened, or perhaps
was fully responsible for the extinction of the passenger
pigeon (Haney and Schaadt 1996, Askins 2000). Old
growth provided larger trees, a more open understory, and
a greater volume of nuts (beech nuts in northern New
England and acorns to the south) than do younger stands.
John James Audubon described the passenger pigeon’s
habitat as “forests where the trees were of great magnitude,
and where there was little underwood” (from Bent 1932
cited in Haney and Schaadt 1996). The forest structure
diﬀerences discussed above speak to the larger trees and
the lower density of trees in both the overstory and the
understory. As mentioned above, presettlement-forest
research has shown the great decline in beech throughout
the Northeast, so, although we will never be able to prove
the relationship, it is safe to assume that the widespread
changes to the original old-growth forest landscape
contributed strongly to the extinction of this one bird
species. It has not gone unnoticed that the over-harvesting
of the passenger pigeon also played a role in the species
demise. In the southeastern U.S., the massive landscape
changes and removal of old-growth forest have been
principal factors in the near extinction of the ivory-billed
and red-cockaded woodpeckers.
Although no direct link has been made between a
bird species and the requirement of northeastern oldgrowth forest habitat for its survival, old-growth forests
do provide unique characteristics that beneﬁt numerous
species in the avian communities. Species abundances and
ecosystem function are altered in younger forests, with
subsequent impacts to bird communities. In a study of
old-growth forest in Pennsylvania, compared with other
forests throughout the local area, the state, and the entire
Northeast, one-third of all breeding birds found in old
growth were either rare or uncommon over broader
forested landscapes (Haney 1999). Sixteen species were
more likely to occur in old growth than in the broader
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region, and 15 species were “old-growth associates,”
whose abundances were much greater in old-growth
forest. The list includes blackburnian warblers (45 times
more abundant in old-growth), magnolia warblers (40
times more abundant), Swainson’s thrush (20 times more
abundant), solitary vireo (8 times more abundant), brown
creeper (4 times more abundant), and black-throated green
warbler (3 times more abundant) (Haney and Schaadt
1996). Barred owls were in or within 330 feet of every
old-growth fragment surveyed; owl reproduction was
associated with lower understory densities, higher snag
densities, greater basal area of large snags, and a greater
likelihood of hemlock snags (all features of old growth in
contrast to younger stages) (Haney 1997). Certain birds
were also found to use old growth preferentially in the
winter, and the winter bird community in Pennsylvania
old growth was statistically distinct from that of other age
classes. Red-breasted nuthatch, golden-crowned kinglet,
and brown creeper were consistently more abundant in old
growth versus younger forest in winter. Similar results were
detected in old-growth balsam ﬁr forests in Newfoundland
(Thompson et al 1999), where black-backed woodpecker
and gray-cheeked thrush were associated only with old
growth, and ruby-crowned kinglet, dark-eyed junco, brown
creeper, olive-sided ﬂycatcher, winter wren and black and
white warbler were strongly associated with old growth.
In addition to those birds that show greater abundances in
old-growth forest are those that can utilize old growth but
are not typically found in younger, upland forests. Winter
wren and red-shouldered hawk are both considered birds
that favor riparian, ravine, or wetland forests; these species
are, however, also found in upland forests if they are old
growth (Haney and Schaadt 1996). The structural features
of old-growth forest, especially structural and dead-wood
diversity, provide the habitat needs that in younger forests
those species ﬁnd only in wetter parts of the landscape.
Additionally, the naturally greater abundance of cavities
in old growth provides for more habitat for cavity
nesters such as nuthatches, barred owl, chimney swifts,
woodpeckers, and common mergansers.
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Woodpeckers are a group of birds that are known to depend
on snags and cavity trees; thus one might suspect that
woodpecker populations are limited by the documented
lack of cavities in younger forest. A study in western New
York, however, found that woodpecker populations were
not limited by the availability of cavity trees, but there were
other, undetected, forest characteristics that appeared to have
been limiting populations (Welsh and Capen 1992).What is
it about old-growth forest that allows for greater abundances
of some species? The overall structural complexity and the
tree composition of old-growth forest create a diﬀerent
environment for forest birds. In many places in the Northeast
and Lake States, hemlock becomes more abundant in old
growth, and thus species that prefer conifers, such as sawwhet owls, red-breasted nuthatch, golden-crowned kinglet,

Swainson’s and hermit thrushes, and pine siskins, ﬁnd better
habitat. Additionally, the pattern of numerous gaps provides
structural complexity that midstory nesters such as magnolia
and black-throated blue warblers require (Haney and Schaadt
1996). Further evidence for the importance of the numerous
small gaps in old-growth forest comes from a well-studied
tract in Poland; there, the number of bird species and the
number of individuals were both signiﬁcantly higher in
gap areas, but, in a somewhat counterintuitive result, very
few species showed an actual preference for either gap or
non-gap habitats (Fuller 2000).The study indicates that the
pattern of numerous small gaps is important to many birds,
and the managed, younger forests have a very diﬀerent gap
mosaic than what develops naturally.
Emergent white pines, tall trees that extend above the
canopy, are found in many old-growth forest types, and
these provide habitat for pine warbler, for instance, a
species that would not ﬁnd suitable habitat in a younger
stand which lacked the old-growth structural complexity
(Haney and Schaadt 1996). Similarly, emergent conifers
provide special habitats that are utilized by hawks and owls
for perching and by great blue herons for their nesting
colonies (author’s observation). For overwintering birds,
old growth also provides a diﬀerent environment; the
tall canopy of large crowns moderates the climate and
the winds inside the forest; the abundance of hemlock
or spruce provides a larger cone crop; the great age and
size of trees provide for diﬀerent bark textures that are
of importance to trunk-bark foraging species; and the
numerous snags and dead limbs provide a more continuous
supply of winter forage (Haney and Schaadt 1996).
Northern goshawk is frequently mentioned in association
with later successional forests and old growth. In fact,
goshawks do preferentially select areas with forest structure
that is characteristic of old growth (Speiser and Bosakowski
1987, Daw and DeStefano 2001). In the eastern forest,
goshawks had signiﬁcantly more nests in older and oldgrowth hemlock-hardwood forests than in any other stand
types. Although hemlock dominance and density were
signiﬁcantly greater at nest sites than at random locations
in the studied forests, nest trees were most often deciduous
trees, especially beech and black birch. We do not know
how goshawk densities and nesting preferences diﬀered
prior to the clearing and down-aging of the sprucehardwood forests of northern New England, but if their
preference for mixed hemlock-hardwood forests can be
extrapolated to mixed spruce-hardwood forests, goshawk
nesting habitat was likely much more abundant in the
presettlement, old-growth northern forest.
Pileated woodpecker is another species that has an
association with forest structures known to be more
abundant in old growth – large live trees greater than 18”
dbh and large dead or dying trees (DeGraaf and Yamasaki
2001). In the Paciﬁc Northwest, pileated woodpeckers

did not use snags that were retained in heavily logged
areas prior to the re-establishment of late successional
conditions (Aubry and Raley 2002). Pileated woodpeckers
excavate nesting and roosting cavities in recently dead
snags and in decadent live trees, and they furthermore
require numerous large trees in one area. Over a threeyear period, one tracked individual used 29 diﬀerent roost
trees; thus the signiﬁcance of the number and continual
supply of new snags and decadent large trees characteristic of eastern old growth is not trivial to this species.
Pileated woodpeckers have returned to many forested
areas in New England since reforestation commenced after
the land-clearing and heavy lumbering of the 18th and
19th centuries; nevertheless, based on data about forest
structure of live and dead trees, old growth would appear
to be where habitat conditions are optimal. Moreover,
pileated woodpeckers may play a very special role in the
forest ecosystem, a role that has been termed “keystone
species.” Keystone species are integral to the function
of ecosystems because they perform special, and often
specialized, functions that other species do not perform.
In the case of pileated woodpeckers, their excavation of
large cavities is a process that inﬂuences numerous other
species and ecological cycles (Aubry and Raley 2002).
Other species such as bats, marten, ﬁsher, ﬂying squirrels,
wood duck, and various owls establish den and nest sites
in the cavities initially created by these large woodpeckers.
Also, numerous other species forage in the cavities; the
cavities accelerate decomposition and nutrient cycling; and
pileated woodpecker feeding mediates insect outbreaks.
Thus, these birds have far-reaching inﬂuences on the
function of forest ecosystems, and the diminishment of
large-tree habitat structures and alteration of dead-wood
dynamics in younger, managed forests that has contributed
to a deterioration of their habitat, cascades to numerous
other species and interactions.
Although we now have no living species whose existence
has been tied to the presence of old growth in the eastern
deciduous forest region, we do know that for some bird
species, populations are greater in winter and/or summer
in old growth. We also know that a number of the forest
bird species that are in greatest decline in the Northeast
are neotropical migrants that spend summers in our
forests and winters in the Caribbean or South or Central
America (Hagan and Johnston 1992), and that neotropical
migrants nest in greater density in old-growth forest than
in younger, managed forests (Haney and Schaadt 1996).

Mammals
Large mammals are an obvious and charismatic part of
the forest ecosystem. Within historic times there have
been large population shifts in both herbivores and
carnivores (Whitney 1994); the most notable for old
growth are perhaps the regional extinction of two toplevel carnivores, eastern timber wolf and panther, and
the currently high densities of white-tailed deer in many

eastern forest landscapes. Both of these shifts have altered
ecosystem processes and interactions, and while scientists
have documented the detrimental eﬀects that elevated deer
herbivory has had on old growth tree and herb vegetation
in Pennsylvania (Whitney 1984, Rooney and Dress
1987), it is harder to document the cascading eﬀects from
carnivore extinction.
More frequently, small mammals have been studied in
old growth. From ground-dwelling shrews to arboreal
squirrels to ﬂying bats, small mammals abound in forests
and they perform diverse functional roles. A short list of
those functions includes prey supply for carnivorous birds,
mammals, and reptiles; predators of insects, other invertebrates, and bird eggs; consumers of lichen, fungi, and
plants and their fruits and seeds; and disseminators of seeds
and spores. Many small mammals in North America are
generalists that are not closely associated with rare habitat
features; nevertheless, forest structure and composition are
closely associated with the diversity and abundances of
small mammals (Carey and Johnson 1995). Coarse woody
debris, understory and herb composition and abundance,
and soil organic layers are all of great importance to
populations of small mammals (Carey and Johnson 1995,
DeGraaf and Yamasaki 2001).
Southern red-backed vole is a rodent common throughout
many forest types in New England (DeGraaf and Yamasaki
2001). It has not been studied in old-growth forests in
our region, but studies from the Paciﬁc Northwest show
signiﬁcant diﬀerences in red-backed vole abundances
and breeding populations among large tracts of old
growth, old-growth corridors (with minimum 0.6 miles
width) within second-growth forest, and second growth
(Pereault and Lomolino 2000). More males and females
in breeding condition were observed in the continuous
old growth than in the other types, and abundance of
the voles was higher in the old-growth corridors than
in the surrounding second growth. The impacts of forest
age and old-growth forest shape and size operated at a
population level; that is, not only were numbers impacted,
but also breeding demography was impacted by the
changes associated with forest harvesting. Old-growth
forest structures, such as coarse woody debris and complex
vegetation height structure, were important characteristics
associated with these diﬀerences, as were the width of oldgrowth remnants and the adjacency of large old-growth
tracts to the narrower old-growth remnants. In addition
to these eﬀects, population densities of three of the six
small mammal species present were greater in and near old
growth, as well as in wider old-growth corridors. A similar
study found that there were 1 1/2 times more individuals
and more biomass in old-growth forest than in managed
forests (Carey and Johnson 1995). Forest features that were
associated with the larger populations in old growth were
coarse woody debris, plant composition, shrub and herb
cover and abundance, and soil organic layers. All of these
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features have been shown to diﬀer among old growth and
younger forests in the East.
Northern ﬂying squirrel is part of an interesting relationship that includes truﬄes, mushrooms that produces spores
beneath the ground (Cotton and Parker 2000, Waters et
al. 2000, Pyare and Longland 2001). Numerous species of
trees, especially conifers, establish better and grow more
productively when their roots are in association with
mycorrhizal fungi, a group that largely produces spores
beneath the ground. Studies in western North America
have elucidated a link between northern ﬂying squirrel
and not only these ever-important mycorrhizal fungi but
also lichens. The ﬂying squirrels consume spores and other
propagules and disperse them throughout the forest. Red
squirrel may perform some of the same functions, and
it has even been seen that northern ﬂying squirrels steal
fungi from red squirrel caches (Mowrey and Zasada 1984
cited in Cotton and Parker 2000). Neither deer mice nor
chipmunks performed these spore dispersal functions,
and some of the spores found in the ﬂying squirrel feces
were of fungi that were rare (Cotton and Parker 2000).
Furthermore, disturbance was seen to change the truﬄe
community in the forests; in one study, four of the ten
most common species were signiﬁcantly more common
in old growth than in either old growth selectively logged
six years prior or in 80-100-year-old forest (Waters
et al. 2000). Although there were diﬀerences in the
frequencies of truﬄe species between the old growth and
the regenerated forests, the researchers did not ﬁnd any
diﬀerence in biomass or species numbers between old
growth and the 100-year-old forest. Thus, the changes
wrought by forest management to truﬄe communities are
species speciﬁc – some species are lost from the managed
forest while others appear. Furthermore, old-growth stands
had greater abundance of northern ﬂying squirrels than
recently selectively logged forest or 100-year old forest
(Waters et al. 2000). Northern ﬂying squirrel is another
species that dens and nests in tree cavities; and old-growth
forest includes more of these important shelter habitats.
Old growth may also feature more even distribution and
greater biomass of truﬄes (Mills 1995). Similar to pileated
woodpeckers, northern ﬂying squirrels utilize numerous
nest trees per season, ﬁve or six on average (Cotton and
Parker 2000). In both eastern and western North America,
northern ﬂying squirrels preferentially selected trees with
greater diameter, age, and height for nesting; the squirrels
also almost always chose live trees with intact crowns, very
little or no missing bark, and relatively sound wood in
the tree’s bole (Gerrow 1996, Cotton and Parker 2000).
Again, it is seen that “wildlife trees” are not dead or
nearly dead decaying snags, but are vigorous trees that are
perhaps chosen because they aﬀord greater protection from
weather and predators (Carey et al. 1997). The complexity
of the forest ecosystem and the complex impacts of human
disturbance of old-growth forest are exempliﬁed by the
ﬂying squirrel-truﬄe relationship.

American marten, one of the larger members of the weasel
family, is another species that shows a strong aﬃnity for
old-growth forest structures. Marten require large logs or
trees for their dens (Wynne and Sherburne 1984, Chapin et
al. 1997 both cited in DeGraaf and Yamasaki 2001). Marten
population levels have been correlated to high density of
large diameter snags (Spencer et al. 1983, Lofroth 1993, Drew
1995 all cited in Hargis et al. 1999), and they shy away from
even low levels of forest fragmentation (Chapin and Harrison
1998 cited in Hargis et al. 1999, Hargis et al. 1999). Like
many other species discussed, marten utilize numerous den
trees in any given year (Wynne and Sherburne 1984 cited
in DeGraaf and Yamasaki 2001).The Eurasian pine marten
in Sweden was found to occur in old growth in abundances
two to three times greater than in the surrounding managed
forests (Bjärvall et al. 1977 cited in Hargis et al. 1999). Marten
use the structural features of older forests to avoid predators,
gain access to prey in winter, and acquire heating advantages
while resting in winter (Hargis et al. 1999; and Steventon
and Major 1982, Corn and Raphael 1992, Sherburne and
Bissonette 1994, Chapin et al. 1997, and Gilbert et al. 1997
all cited in DeGraaf and Yamasaki 2001).Thus, although
marten are able to survive in habitats other than old-growth
forest, managed forests are unlikely to provide the abundance
or diversity of forest structures that make for good marten
habitat. Patchily logged forest landscapes may be able to
maintain marten populations, but in those places the animal’s
home ranges are limited by the amount, size and conﬁguration of remnant old-growth patches (Chapin et al. 1997 cited
in DeGraaf and Yamasaki 2001).
Bats in Ontario and the Paciﬁc Northwest have also been
seen to have larger populations in old growth (Humes et
al. 1999, Jung et al. 1999). In Ontario, Myotis species were
three to ﬁve times more common in old growth than in
younger forest, and silver-haired and hoary bats were also
more common in old growth (Jung et al. 1999). Of the
entire bat fauna in the forests, only the red bat was less
common in old growth; that species prefers edge habitats
(Constantine 1966 cited in DeGraaf and Yamasaki 2001)
and selectively logged forests (Jung et al. 1999). Once again,
forest structures characteristic of old growth – density of
large trees and large snags, high basal area, greater canopy
closure, and small mean gap size – were associated with the
larger animal populations.

Amphibians and Reptiles
Salamanders and frogs are the most abundant vertebrates in
many temperate forest ecosystems. As important predators
and prey they are of great signiﬁcance to ecosystem
function. Old-growth forest, with its abundant coarse woody
debris, deep litter layers, equable forest-ﬂoor temperature
and moisture, and dense herb layers, provides habitat where
salamanders can reach their highest population densities,
and in some places greater species diversity as well (Welsh
1990, Petranka et al. 1993, Petranka et al. 1994, deMaynadier
and Hunter 1998). Conversely, bare soil, high light levels,

and grass, all of which are associated with logging, were
negatively associated with salamander and frog abundance in
New England forests (deMaynadier and Hunter 1998). Of
the New England amphibian fauna, red-backed, spotted and
blue-spotted salamanders, as well as wood frog, were highly
sensitive to forest harvesting.
Not only are various species of salamanders highly
sensitive to forest harvesting, but also their populations
recover slowly after logging. Salamanders disperse very
slowly and have longer generation times than most other
small vertebrates (e.g., rodents). They are also territorial
and have strong ﬁdelity to small home ranges. Therefore,
individuals that need to ﬁnd new homes after logging
cannot easily move to an adjacent patch of uncut forest
and ﬁnd unoccupied territory. What do displaced
salamanders do when conditions in their existing habitat
become unsuitable for their survival? They likely either go
underground where they starve for lack of food, or they
move to new areas but typically cannot establish because
other salamanders have territorial control (Petranka et
al. 1994). Because of such life-history characteristics,
some salamander species apparently require 120 or more
years to recover from clearcutting. A 70% decline in
salamander abundance has been estimated for the southern
Appalachian Mountains, where the logging history was
not very diﬀerent from in the Northeast. Many of the
eastern forests, therefore, may not yet have regained natural
population levels that existed in old-growth. The eﬀects of
such a drastic decrease in one of the most abundant forest
vertebrates can clearly ripple up and down the food chain.

Insects and Other Invertebrates
Insects and arthropods perform many ecological functions
including pollination, decomposition, and soil mixing and
aeration; they also serve as predators, prey, and parasites,
and some species are important in controlling outbreaks
of defoliating insects. Despite their great species and
functional diversity, invertebrates are the least known group
of animals. There are several studies, however, in both
boreal and northeastern deciduous forests, that show how
parts of the insect and arthropod fauna diﬀer signiﬁcantly
between old growth and younger forests.
Beetle studies in New Hampshire comparing old growth
with forest selectively harvested 40 years past is clear
evidence that old-growth eastern deciduous forest contains
both greater species diversity and a greater abundance of
many species (Chandler 1987, Chandler 1991, Chandler and
Peck 1992). Pselaphidae beetle communities in old growth
had 50% more species than in previously harvested forest,
and those species associated with deciduous leaf litter or
found beneath bark were more abundant in old growth. In
other groups of beetles, slime-mold feeders were twice as
abundant in old growth, and six of 11 beetle species that
feed on fungus under bark in the initial stages of wood
decay were twice as abundant in old growth, while the

remaining ﬁve species were of equal abundance in the two
age classes. In the middle stages of wood decay, beetles that
feed on exposed fungal sporing bodies are present; among
this group six of 21 species were twice as abundant in old
growth and the remaining 15 species were equally abundant.
Similarly, six of 20 species present beetles in the ﬁnal stages
of wood decay were twice as abundant in old growth, but
the second growth did contain seven species that were not
found in old growth. Finally, Leiodidae beetles were found
to be three times more abundant in old growth, and many
of the species that were represented in low numbers in
second growth were abundant in old growth. Similar results
from a European study found that beetles that feed on
rotting wood were strongly aﬀected by alterations in coarse
woody debris, decomposition processes, fungus populations,
and microclimate (Martikainen et al. 2000). Seventyeight percent of wood-feeding beetle species were more
abundant in European old-growth spruce forest compared
with both mature, managed forests, and overmature forest
(containing some old-growth attributes but having a history
of management). Because small species that are weak ﬂiers
and depend on humid conditions apparently have much less
ability to recolonize stands after disturbance, the distance
to old-growth source patches may be extremely important
(Chandler 1987, Chandler and Peck 1992). Studies in other
forest ecosystems in Canada, Europe, Japan and Australia
have found that a number of beetle, fungus gnat, butterﬂy
and other invertebrate species are old-growth specialists
(Spence et al. 1996, Spence et al. 1997, Niemelä 1997,
Martikainen et al. 2000, Grove 2002, Maeto et al. 2002).
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Alterations in insect communities are strong indicators
of changes in ecological processes in a forest, and as with
ﬂying squirrels and mycorrhizal fungi, some species
associations have been found to be of great importance.
Scandinavian scientists have discovered beetle species that
specialize on dead wood decayed by fungus species that
are only found in old growth (Niemelä 1997). Food-web
eﬀects that involve coarse woody debris and fungi are thus
again seen to be far-reaching.
Old-growth forests provide habitat that is not impacted
by dense road networks and soil compaction. In the
Paciﬁc Northwest, compacted soils were seen to have
up to two times more soil bacteria than other areas
and a concomitant eight-fold increase in bacteriafeeding nematodes (Moldenke et al. 2000). The species
composition of the arthropod community thus shifted
from one of 78% fruit-feeding mites to one with a very
large component of bacteria feeders and nematode
predators. How this impacts nutrient cycling or species
such as amphibians, birds, and small mammals that feed
on the soil-dwelling invertebrates is unknown, but the
invertebrate research indicates that forest harvesting leads
to a shift not only in species composition and abundance,
but also in ecosystem function.
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Soils and Nutrients

F

orest health is intimately linked to soils and
processes that occur in soils. The eﬀects of acid
precipitation and the ability of trees to resist
weather events and insect and pest infestations
have been shown to involve interrelationships between
plant physiology and soil processes (Adams et al. 2000,
Bailey et al. 2004). Since soil properties result from longterm interactions among soil-dwelling organisms, geologic
deposits, vegetation, hydrology and climate, changes to
any one of these impacts biochemical processes in the soil,
which then has eﬀects on the animals, plants, and other
living organisms (Boyle 2000). As many as 40,000 kinds
of microbes exist in a teaspoon of forest soil (Moldenke et
al. 2000, Richter 2000) and changes to vegetation, such as
removing biomass and altering composition by harvesting
species of trees means that the diverse populations of
millipedes, mites, springtails, bacteria, actinomycetes, fungi,
protozoans, and worms that have evolved in forest soils
are confronted with new diets that diﬀer in composition
and timing from that in the old-growth forest (Boyle
2000). For the soil-dwelling organisms, changes from forest
harvesting may be more drastic than evolutionary changes,
and the impacts to characteristics such as the productive
capacity of the forest may not be seen for many decades.
Harvesting trees removes nutrients from the forest and
often increases nutrient leaching from the soil; it can
also lead to short-term acidiﬁcation of soil, which allows
aluminum to replace nutrient ions such as calcium and
magnesium. Soil acidiﬁcation and the resultant changes in
aluminum, calcium, and magnesium have been implicated
in tree declines (Vogelmann et al. 1985, Likens et al.
1998, Markewitz et al. 1998, McLaughlin and Wimmer
1999, Adams et al. 2000). Forest harvesting systems also
frequently create many large patches and high-contrast
edges where decomposition, nitrogen release, soil moisture
and temperature, and patterns of fungal sporing are altered
(Edmonds et al. 2000). The eﬀects of diﬀerent harvesting
systems are apparently complicated, and, surprisingly, it
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has been seen that harvesting systems that remove single
trees and do not create hard edges can remove even more
nutrients from a forest than more “intensive” cuts that
produce unnatural edge and opening patterns (Adams et al.
2000). The intricacies and cascading eﬀects of such changes
to the baseline soil properties found in old-growth forests
are not well understood, and while studying soil nutrients
and organisms may provide speciﬁc information, it is
important to reiterate that the full extent of the alterations
may not be more widely seen in the forest ecosystem for
several generations.
Nitrogen, which is often a limiting nutrient in forest
ecosystems, behaved diﬀerently in old growth versus
second-growth forest stands harvested just once in the
early 20th century; in short, old growth had greater
storage of nitrogen (Fisk et al. 2002). Microbial action in
old growth allowed for more eﬀective immobilization of
nitrogen, and on average old growth had one-third less
leaching loss of nitrogen. Old growth’s greater nitrogen
pools were primarily due to coarse woody debris, in which
three times more nitrogen was stored.
Complex interactions can result from alterations to natural
soil properties created both by forest harvesting and by
atmospheric pollution. An example is the link between
declining nesting success of the great tit and soil acidiﬁcation (Graveland et al. 1994 cited in Adams et al. 2000,
Graveland and Van Gijzen 1994). Thin, weak eggshells
were traced to calcium deﬁciency in the birds’ diet, which
was linked to a decrease in forest snail populations; the
snail decrease was a result of elevated calcium leaching.
Undoubtedly, many such interactions are occurring as a
result of the changes to soil biochemistry promulgated
by both timber harvest and atmospheric pollutants; some
soil-dwelling organisms, such as salamanders and snails
are very sensitive to soil chemistry. Stories such as that of
the great tit or alterations to mycorrhizal fungi life cycles
(Edmonds et al. 2000) only scratch the surface. We have yet
to discover how eﬀects of soil changes can be tracked all
the way up the food chain, for example, to reduced insect
predation by birds and altered plant-insect relationships.
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O

ld-growth forests covered nearly twothirds of the northern New England
landscape prior to European settlement.
Those forests were characterized by a tree
species composition and a structure of live and dead trees
that diﬀered signiﬁcantly from the second-growth forests
that now occupy 99.6% of the forested landscape in the
Northeast. Concerning live trees, there are diﬀerences
in size, number of large trees, amount of wood, and
proportions of species. The diﬀerences with regard to dead
trees are perhaps even more signiﬁcant and far-reaching in
the forest ecosystem.
Old-growth forests, in contrast to second growth, contain
many times more coarse woody debris, and it is continually
created at a far faster and more even rate. Also, in old
growth snags are larger and more numerous, and downed
wood exists in much greater volume and in a greater
diversity of species and decay classes. Coarse woody debris
is associated with many of the other diﬀerences between
old growth and second growth; its abundance, distribution, decay status, and composition aﬀect populations
and reproduction of trees, herbs, mosses and liverworts,
fungi, mammals, birds, amphibians, insects, arthropods, and
nematodes. Impacts also extend to nutrient cycling and
storage and to soil properties and processes.
Species from all major groups of animals and plants
occur in diﬀerent compositions and abundances in old
growth. Species of insects, fungi, and lichen are known to
be restricted to or occur in much greater abundance in
old-growth temperate deciduous or mixed forests. Species
of small and medium mammals, including carnivores,
herbivores and insectivores, occur in greater abundances in
old growth. A number of bird species show a preference
for nesting in old growth, and thus old growth sustains
larger breeding populations and is likely more productive
for those species. Some of the same and other bird species
prefer old growth for wintering habitat. Old-growth forest
sustains larger populations and in some places greater

species diversity of salamanders and frogs. Also, old growth
maintains a more equable temperature and humidity on
the forest ﬂoor and in the soil, which is important to
the reproduction and dispersal of many organisms and
to decomposition processes. The fact that old growth
supports many species in greater abundances and with
larger breeding populations is important to the landscape
as a whole, for old growth can thus likely function as
extremely productive source areas (Pulliam 1988, Donovan
et al. 1995) for numerous species. Without source areas,
especially in the face of down-aging of the forests, many
species may see population declines, and their presence,
abundance, and functional importance in other forests
would be aﬀected.
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Pattern diﬀerences, as well as population diﬀerences, are
important. Old-growth landscapes, the landscape pattern
in which the forest species evolved in recent millennia,
diﬀer from managed landscapes in patch sizes, shapes and
juxtapositions. These patterns developed from a regime of
disturbance dynamics dominated by many very small-scale
wind, ice, and tree-death disturbances. Severe, large-scale,
stand-initiating disturbances in northern New England
and New York occur only every 1,000 or more years. Thus,
on most parts of the landscape, in the absence of human
manipulations, the forest has hundreds of years to develop
the structure, species diversity, population abundances, and
myriad ecological interactions that are characteristic of old
growth.
Allowing old-growth forest ecosystems to redevelop on
landscapes in the East is an important management strategy,
with a solid grounding in the many ecological studies that
indicate how diﬀerent an ecosystem old growth truly is
compared with the managed forests that have replaced old
growth throughout the region. The ﬁrst steps toward wise
stewardship and conservation of all of the native biodiversity of the landscape should recognize that old growth is
in fact a hugely diminished part of the natural diversity
of life in Eastern North America, and acknowledge
that old growth ecosystems in all their complexity of
species, structures, and interrelationships should be better
represented among the various forest types in New
England.
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Spotted salamander and wood frog eggs

Blake Gardner

Giﬀord Woods Natural Area: This 400 year-old maple has deep character lines weathered into its once-smooth bark,
and growing fungi hint that its end is near.
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