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Abstract. The impact of forest fragmentation on
wildlife in the eastern United States has become an
important and controversial issue among land manag-
ers, scientists, and environmental organizations. Nu-
merous studies of small woodlots in rural and suburban
settings have shown major declines in forest bird popu-
lations. Other taxa have not been studied as thor-
oughly, but evidence suggests that certain mammais,
amphibians, reptiles, and plants are adversely affected
by forest fragmentation. -Because federal and state
forests are among the few remaining large, relatively
undisturbed tracts of fand in the eastern United States,
they are important population centers for species sensi-
tive to forest ragmentation.

Introduction

One of the most significant developments in the
. ~pplication of conservation biology to land management
as been the realization that virtually all natural areas
are destined to resemble islands in that they will eventu-
ally become smaller, more isolated fragments of what
was once a much larger natural landscape (Wikcox
1980). Restricted to small areas and sumrounded by
human- modified environmenits, fragmented landscapes
can sutfer a loss of biological Giversity, most noticeably
through the extinction of populations. In the eastern
United States, forest fragmentation has become one ot
the most important and controversial topics in wildlife
management — important because the long-term viabil-
ity of many species may be at stake, and controversial
because the deliberate fragmentation of large, contigu-
ous forest paiches is a time-honored principle of wildiile
management.

In this paper | brietly review the empirical evidence
that forest fragmentation is a threat to certain species of
plants and animals in the East. | then discuss the
axtent to which we can (and should) apply the results of
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current studies to the management of large forest eco-
systems, such as those that exist in our national forests.

Review of the Eviden
Birds

Birds are by far the most intensively studied 1axa
with respect to fragmentation. They also provide the
most compelling evidence to date that forest fragmenta-
tion is a serious threat to centain wildiife species. This
evidence falls into two categories: long-term studies
and presence/absence studies.

Long-term studies. In a small number of parks and
nature reserves, cbservers have monitored population
changes in breeding birds by conducting intensive, long-
term censuses (see Figure 1). These long-term studies
show major population declines of certain species of
forest-dwelling songbirds that breed in the United States
and Canada but winter in Latin America and the Carib-
bean (neotropical migrants). In contrast, species that
breed and winter within the U.S. — permanent residents
and short-distance migrants — usually exhibit stable or
even increasing populations within the same forest
tracts.
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Figure 1. — Declines in breeding populations of two
species of neotropical migrants in Glover-Archbold
Park, a 14-ha forest reserve in Washington, D.C.

Presence/absence studies. Numerous studies have
examined forest tracts of ditferent sizes and noted the
absence of certain species trom all but the largest cnes
(Flobbins 1979, Whitcomb et al. 1981, Askins et al. in
prep.). Widespread neotropical migrants like the
hooded warbler and yellow-throated vireo are consis-
tently absent from small {< 20 ha), isolated wocdlots,
while permanent residents like the black-capped chicka-
dee, northern cardinal, and blue jay are usually present.
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fragmentation causes these changes in forest bird
communities. A partiat list inctudes the following:

{1). Dispersal bammiers, Neotropical migrants may
have difficulty colonizing isolated woodiots when they
return from their wintering grounds (Whitcomb et al.
1981). Dispersal barriers may be physical in nature
{i.e., finding the woodlot is difficult because it is sur-
rounded by nonforested lands) or psychological (i.e., the
absence of conspecifics 0 serve as a cue that suitabie
breeding habitat is on hand; see Whitcomb et al. 1981).

{2). Absence of suitable microhabitats. When an
extensive forest tract is fragmented, individual woodiots
may lack the full range of microhabitats that existed in
the original tract. Species that require the missirg
microhabitat({s) may be unable to survive in the woo-
dlots (see Lynch and Whigham 1984, Bond 1957). In
east-central Maryland, for example, northern parulas
usually accur in bottomland forests and along streams.
Fragments lacking either a bottormland or riparian com-
ponent are uniikely to be suitable habitat for them.
Changes in forest structure due to natural succession
can make particular woodlots unsuitable for neotropical
migrants that are partial to younger forests. However,
succession alone cannot explain most ot the population
changes. The population declines have been too se-
vers, too rapid, and 0o widespread to reflect gradual
changes in forest vegetation. Also, many of the forest-
dweiling neotropical migrants are abie to use a wide
variety of forest types and ages (Whitcomb et al. 1981).

{3). Small populations. Songbirds in isolated frag-
ments are subject 10 the same problems that plague ail
small populations, including demographic fluctuations,
genetic deterioration, and environmental penturbations
{see Soule 1987).

{4). Edge effects. Field studies by Gates and Gysel
(1978), Chasko and Gates (1982), and Brittingham and
Temple (1983) have shown that the nesting success of
songbirds is lower near forest edges than in the interior.
This is because many nest predators (blue jay, Ameri-
¢an crow, common grackle, eastern chipmunk, short-
tailed weasel, raccoon) and brood parasites (brown-
headed cowbird} occur in higher densities around forest
edges. Brittingham and Temple (1983) have also
shown thal rates of cowbird parasitism increase near
openings within large forest tracts, a finding with obvi-
aus implications tor forest management. Since an
increased ratio of edge to interior is an inevitable bypro-
duct of fragmentation, one might predict that forest birds
would sutfer higher rates of nest predation and parasit-
ism in smajl woodlots compared to large tracts. Experi
mental studies (Wilcove 1985) support this hypothesis.
Tempie (1986) has shown that irreguiarly shaped forest
fragments with high ratios of edge to interior harbor

fewer area-sensitive songbirds than more compact
{ragments of similar size.

Mammals

Studies of the impact of forest fragmentation on
eastern mammals have sufiered trom two handicaps.
First, throughout much of eastern North America, the
species that were probably most sensitive to forest
tragmentation disappeared long before anyone could
study them. For example, in their study of the impacts
of forest fragmentation on the mammals of southern
Wisconsin, Matthiae and Stearns (1981) noted that the
woodland bison, elk, wolverine, black bear and lynx had
vanished from the region as long ago as 1850. Almost
by definition, the species that persist today in heavily
developed areas like southern Wisconsin are those
most adept at surviving in fragmented, human- domi-
nated landscapes.

Secand, few studies have disentangled the effects of
forest fragmentation per se from simply the presence of
pecple in once-wild areas. Consider, for example, the
ongoing controversy over management of black bear
habitat in the southern Appalachians. The black bear
now occupies only five to ten percent of its original
range in the southeastem U.S., where it survives pri-
marily on federally-owned lands containing designated
or de facto wildemess (Peiton 1985). In April 1986, the
U.S. Forest Service released a management plan for
the Cherokee National Forest in Tennessee. The plan
called for increased logging levels and the construction
of up to 2,600 miles of new roads through the forest
over the course of 50 years.

Several conservation organizations appealed the
plan on the grounds that logging and road construction
would jeopardize the bear's survival by: (1) reducing the
amount of available mast, especially during the fall
months when the bears must store energy in prepara-
tion for hibernation; (2) displacing bears; and (3) making
the forest more accessible to poachers. Of these three
reasons, only the first one Is directly related to forest
loss. The other two are simply consequences of bring-
ing more people in contact with bears. Were it possible
1o remove trees without deploying people and building
miles of roads, the impact on black bears would proba-
bly be relatively minor. Btack bears, like many aother
large mammals, use a variety of habitats and seral
stages, but fare poorly in close proximity to humans.

These two handicaps notwithstanding, studies by
Matthiae and Stearns (1981) and Fahrig and Merriam
(1985) have shown that certain mammals are indeed
mere commor in large forest tracts compared 1o small,
isolated woodiots.

Thus, the impact ot forest fragmentation on eastern
mammais fails into two categories: the actual reduction





[image: image3.png]and isolation of suitable habitat for forest-dwelling spe-
ries and the ioss of “wildness" for species that do not
adapt well 10 the presence of people.

Other Animals

Non-feathered, non-furred animals, such as reptiles,
amphibians, and most inveriebrates, have received very
little attention in studies of forest fragmentation in the
East. tpredict that forest-dwelling species requinng two
or more habitat types or a range of microhabitats will
prove to be quite sensitive to fragmentation (Wilcove et
al. 1986). Examples wouid include salamanders and
tree frogs that require ponds for breeding and wood-
{ands for food and shelter, and snakes that require
fibernacula in addition to toraging and breeding habitat.

Plants

Two studies from Wisconsin have shown that forest
fragmentation changes patterns of seed dispersal and
herbivory, with potentially large declines in populations
of centain plant species. Ranney et al. (1981) believe
that the seed rain into the cores of smail woodlots in
Wisconsin is dominated by the seeds of edge species.
This rain may ultimately change the species compaosi-
tion of woodlots, as the shade tolerant plants of the
interior (.g., sugar maple, American beech) are re-
placed by shade intolerant forms from the edge (e.g.,
hickories, hawthorns, basswood). Alien plants such as
xudzu and Japanese honeysuckle will colonize open-
ings and edges and gradually expand into the forest
interior.

Alverson et al. (1988) believe that overbrowsing by
white-tailed deer has severely atfected the abundance
and population structure of several woody and herba-
ceous plant species in Wisconsin’s Chequamegon
National Forest. Regeneration of Canada yew, eastern
nemlock, and white cedar, in particutar, may no longer
aceur in many areas due to geer depredation.

The authors point out that prior to the arrival of
European settlers, deer were relatively sparse in north-
em Wisconsin, with densities averaging less than four
individuals per square kilometer, and probably as low as
two per square kilometer. Extensive logging, coupled
with restrictive hunting laws has allowed deer numbers
1o build, with densities reaching as high as nine individu-
als per square kilometer in some parts of the
Chequamegon. Current management practices, such
as dispersed clearcuts and wildiile openings, are de-
signed to maintain or enhance these high densities of
deer. Alverson and colleagues recommend the estab-~
lishment of farge (200-400 km2) contiguous blocks of
mature forest as a way to create areas of low deer
density in which the declining plant species could grow.
This recommendation was the basis for their appeal of
the Final Land and Resource Management Plan for the

Chequamegon National Forest, which is now pending
before the Chief of the Forest Service.

ns for Lar

Many of the seminal studies of forest fragmentation
were conducted in small woodlots in suburban or rural
areas. This has led some people fo question whether
such studies are appiicable to the management of large
forested landscapes, such as eastem national forests,
whete logging practices are not creating isolated stands
of trees surrounded by barren land, but rather an inter-
connected matrix of forest at ditferent stages of succes-
sion. However, studies of deleterious edge effects are
clearly applicable to the management of large forest
ecosystems, because edges are precisely what
clearcuts and wildlife openings create.

Stdies by Ranney (1977) and Waies (1972) have
shown that the major vegetation changes caused by
2dges extend only 10-30 m inside the forest, depending
on exposure. The edge-related increase in nest preda-
tion, on the other hand, extends much farther. Based
on some preliminary studies, Wilcove et al. (1986)
suggest it may extend as far as 300-600 m inside the
forest. If these values are more or less accurate, they
have important management implications, because a
small number of openings dispersed throughout a forest
could have a profound impact over a vast area (see
Figure 2).

Figure 2. — The square {with stippling) represents a
400-ha block within a forest. Three 1-ha openings
(hatched areas) have been created in this block. Rates
of nest predation and cowbird parasitism are higher
around the edges. This edge-related increase in preda-
tion and parasitism may extend as far as 6C0 m into the
forest. f 5o, most of the 400-ha biock is subject to
higher nest predation rates as a result of just three
openings, as shown Dy the three circles with radii equal
to 600 m.




[image: image4.png]Although widespread, the high rates of nest preda-
tion around forest edges may not be a universal phe-
nomenon. Experiments with artificial nests in Flonda
and Idaho forests (R. Noss, pers. comm.; Ratti and
Reese 1988), for example, have not shown significant
differences in predation rates between edge habitats
and forest interior habitats. The explanation may lie in
the nature of the landscape surrounding the forests and
openingé (Angeistam 1986). If the forest abuts an area
that is highly productive for nest predators ang sustains
large populations of them (i.e., a suburban neighbor-
heod with lots of racceons, dogs, cats, and blue jays),
then predation rates along the edges and well into the
woods will be high. If the surrounding lands do not
support high densities of nest predators, nest losses
along edges will be less severe. (This argument may
not apply to cowbirds, which are capable of flying long
distances into the forest [Fothstein et al. 1984] and
which use clearings as vantage points for spotting
potential hosts.). N

Sutlicient data now exist to demonstrate the impor-
tance of large forest tracts for certain species of plants
and animals in the eastern United States and to lead us
to rethink the conventional wisdom of dispersing
clearcuts and wildlife openings thraughout contiguous
forest tracts. But beyond this general conclusion—
when it comes time to choose among ditferent timber
cutting practices and configurations— there is little to
guide us in the way of empirical research. Unfortu-
nately, only a handful of studies have focused on the
impacts of actual clearcuts, and these have yielded
inconclusive results. For example, authors sometimes
assume that because area-sensitive bird species stiil
occupy a forest that is riddled with openings, the open-
ings are having no impact on them. Without data on the
reproductiva success of these birds, such conclusions
are premature (see Yahner 1986).

| suggest the following as important research tepics
in the East: a comparison of different silvicultural meth-
ods (even-aged versus uneven-aged) with respect to
impacts on the breeding success of forest songbirds;
similar studies of human-made openings versus nawral
tree-fall gaps: studies of the relationship between clear-
ings of different sizes and shapes and the spread of
exofic plants; and more surveys of small mammals,
reptiles, and amphibians in forests of different sizes,
shapes, and degrees of isolation.

The Soacial Role of Pubil

Federal and state forests serve a special function in
the East, where they are among the faw remaining
large, undeveloped tracts of land. As such, they are
importani population reserveirs for wildlite sensitive to
forest fragmentation. For example, the fate of gray
wolves and black bears over much of the eastem United

States will depend on the way public lands such as
national and state lorests and national parks are man-
aged. The private land base is simply too developed or
too small o sustain such species. If lllincis and Indiana
are to maintain lasge, healthy popuiations of forest Ve
songbirds, it will be in places like the Shawnee and
Hoosier National Forests, where extensive forest tracts ™
still occur. Lands this important deserve our close
attention.
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