Landscape Pattern Analysis
Related to Forest Wildlife Resources

by
Margaret Katherine Trani

Dissertation submitted to the Faculty of the

Virginia Polytechnic Institute and State University
in partial fulfillment of the requirements for the degree of

DOCTOR OF PHILOSOPHY
IN

FISHERIES AND WILDLIFE SCIENCES

APPROVED:

@/&J hfide)
g

Paul L. Angermeler Timethy G. Gregoire
James L. Smith Dean F. Stauﬁ'er
June, 1996
Blacksburg, Virginia

Keywords: Forest Wildlife, Landscape Modification, Landscape Pattern, Spatial Scale,
Habitat Assessment, Landscape Analysis, Fragmentation, Spatial Heterogeneity



< &L

LD

5655
V&S®
1996

T1%6
c. S~



Landscape Pattern Analysis Related to Forest Wildlife Resources
by
Margaret Katherine Trani
Robert H. Giles, Jr. Chair

Fisheries and Wildlife Sciences

(ABSTRACT)

Wildlife management and natural resource policy decisions are increasingly being
made at the landscape level. Understanding the relationship between modification and the
pattern of land classes may minimize potential impacts and enhance the complement of
wildlife species.

Twenty-four expressions were selected for landscape analysis that describe the
spatial heterogeneity, fragmentation, edge characteristics, and connectivity of pattern.
Metric relationships were characterized across a variety of landscapes. Cluster analysis
organized the metrics into classes quite different from the classification categories used in
the literature. Cluster membership reflected the number of land classes, the amount and
distribution of forest cover, number of forest patches, patch position, patch shape, patch
radius, and edge length.

Cartographic modeling was used to determine how modification influenced
landscape pattern. The models depicted spatial relationships resulting from proposed
landscape changes. Timber harvest schemes with a few large units and those in clustered
arrangements led to less fragmentation than those schemes with several small units or
those dispersed across the landscape. The placement of roads had either an invasive or
partitioning effect on landscape pattern.

Discriminant analysis rated the effectiveness of pattern expressions for environmental
assessment. Metric effectiveness differed among the timber harvest, road expansion, and
deforestation modification schemes. The utility and limitations of each expression was
discussed.

Sensitivity analyses examined the effects of changing spatial scale on pattern



description. Scale influence was dependent upon landscape complexity, distribution of
land classes, and the size and shape of those classes. The loss of ability to detect localized
variability, to differentiate among spatial patterns, and to represent boundary detail
accompanied the use of large pixels (420m?). There was evidence that spatial scale
influences habitat evaluation. Semivariogram analysis assessed the constancy of
expression behavior during changes in scale and presented the limits of tolerance for using
large pixels in pattern analyses. The variability observed suggested that pattern
misrepresentation occurred at coarse resolution levels.

The successful application of landscape analysis depends on the ability to quantify
pattern. By analyzing and understanding selected aspects of landscape pattern, I have

examined how wildlife management can be enhanced through a knowledge of the

landscape.
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INTRODUCTION

Landscapes and Their Analyses

Resource managers are facing some of their greatest challenges as the end of the
twentieth century approaches. Landscape modification and loss of wildlife habitat
continue to be the major factors impacting wildlife resources. The loss of forests
world-wide may have contributed to global warming and escalating species extinctions
(McNeely et al. 1990). These challenges are occurring at a time when there is a growing
appreciation of the importance of dynamic processes at the landscape scale (Naveh and
Lieberman 1984; Zonneveld and Forman 1990). Landscape-level phenomena are
receiving increasing attention as questions of global change become more prominent
(Turner 1990).

The emerging field of landscape ecology may provide an approach for evaluating
possible solutions to these environmental problems. Landscape ecology encompasses
many disciplines concentrating study on the spatial and temporal patterns of landscapes
(Risser et al. 1984). Used in this context, pattern refers to the perception of spatial
arrangement of communities and ecosystems. The development of spatial pattern, and
the consequences of that pattern for the dynamics of populations and ecosystems
(Levin 1992), is a fundamental theme within landscape ecology. It includes interest in the
modifications occurring through landscape management and how landscapes in turn
influence such management.

The role of landscape analysis in environmental planning and management has been
established for several decades. Dutch researchers recognized the dynamic role of
anthropogenic influence upon the creation of landscape heterogeneity and stability
(Zonneveld and Forman 1990). A landscape perspective was also described in the early
writings of Leopold (1949). By the middle of this century, the landscape was recognized
as the highest integrative level of environmental processes (Dansereau 1957). The

emphasis at a landscape level towards interrelating the patterns of people and their natural



ecosystems was made by Van der Maarel (1975), who spoke of landscape ecology as a
relevant science.

A landscape often refers to the organizational level above that of community and
ecosystem (Forman and Godron 1986). It may be viewed as an area distinguished by
visible structural and functional qualities that are more similar within the landscape than
with those of surrounding areas. A landscape may be hundreds of square kilometers,
such as a large forest, or may comprise an area of much smaller extent. The definition of
a landscape is dependent upon the context of its use. Its meaning is shaped by the scale at
which ecological processes are being discussed, analyzed, and evaluated. A landscape
then becomes the working topic for those protecting and managing areas and their
resources.

Resource professionals are recognizing the influence that the landscape, and the
pattern within that landscape, has on species and the dynamics of their populations.
Species respond to spatial pattern in various ways, using certain areas for feeding and
reproduction, and avoiding other areas entirely. Fragmentation, occurring when a
landscape is divided into sections, results in the decline of some forest birds (Wilcove et al.
1986, Askins et al. 1990); in the decline of large, wide-ranging species (Picton 1979;
Pelton 1985); and in the loss of other specialized species (Matthiae and Stearns 1981;
Rosenberg and Raphael 1986). The existence of corridors within a landscape facilitates
movement for some species (Harris and Gallagher 1989) while the size and shape of
landscape patches influences both biotic and abiotic processes (Van Dorp and Opdam
1987). The distribution and availability of resources in space is an important component
for the persistence of many species (Merriam 1990). Landscape connectivity (Noss and
Harris 1986) and edge characteristics (Yahner 1988) may also have important
implications, both positive and negative, for the persistence of an array of wildlife
resources with very different requirements.

If a relationship between landscape pattern and species abundance exists, it is

important to understand and describe such patterns. Landscape pattern must be identified



and quantified in meaningful ways before a clear relationship can be made between it and
species responses to it. Several expressions describe landscape pattern; it is likely that no
single expression will contain needed information for all analyses or behave consistently
across a variety of landscape patterns. The utility and limitations of these expressions,
which may vary by species, should be understood prior to their application for
environmental assessment.

Several of the landscape metrics, of which pattern is composed, can be grouped into
the categories of: (1) spatial heterogeneity, (2) fragmentation, (3) edge characteristics,
and (4) connectivity. Relationships are expected to exist among these groups. For
example, Franklin and Forman (1987) reported that forest edge per unit area increased
while patch size decreased within their harvest model. This relation suggests that other
relationships may exist among landscape expressions. Most importantly, it suggests
questions about whether those relations continue to persist over a range of different
landscapes. Knowledge about these relationships may be used to reduce the number of
expressions required for landscape analysis, by identifying metrics that provide unique
pattern information. It may prove valuable to classify pattern metrics (based on their
behavior) into classes so that the nature of, and relationships between, can be easily
understood.

Landscapes today support diverse, and often competing, uses of natural resources.
These landscapes increasingly have anthropogenic influences in the form of intensive
management. This force on the landscape has accompanied a shift in emphasis from
monitoring specific management sites to considering cumulative impacts over the
landscape (Noss 1983; Flather and King 1992). This emphasis has led to the United
States Forest Service policy requiring the application of a landscape perspective within
resource management issues (USDA 1990). This perspective has also arisen from federal
laws requiring that resource agencies examine potential land use conflicts with wildlife
resources.

An understanding of the effect of proposed management activities on the resulting



landscape pattern may promote strategies to minimize potential adverse impacts
(Freemark 1988). For example, landscape characteristics such as patch size, edge length,
and spatial arrangement can be significantly altered by forest management (Hunter 1990).
By altering the distribution and availability of spatial resources, changes in landscape
pattern may influence many of the components important for the persistence of species
(Merriam 1990). Land management agencies monitor these components, along with other
information, to predict species richness and occurrence (Stoms 1992). The development
of spatial analyses for evaluating how landscape modification influences pattern may prove
useful for resource managers. |

The description and quantification of landscape pattern may depend on the scale of
observation. Spatial scale issues are fundamental to landscape studies (Meetenmeyer and
Box 1987, Cullinan and Thomas 1992; Holling 1992; Levin 1992). Landscapes described
at one scale may not be the same at another, and information may be lost at both fine and
coarse levels of resolution. If spatial scale influences the outcome of pattern analysis, then
resource plans based on those analyses will also be affected. Integrating landscape
measurements made at disparate scales (Musick and Grover 1991) and extrapolating those
measurements from one spatial scale to another remains a problem. There is a
fundamental need to consider how spatial scale may influence observable relationships

(Allen and Starr 1982; Wiens et al. 1986) and the assessment of wildlife habitat.

Objectives of the Dissertation

The above introduction suggests that there is a connection between landscape
pattern and the persistence of species and their habitats (Golley 1989). Species occupy
landscapes and the pattern of the landscape is believed to either support or inhibit the
survival of those species. Given this background, my goal in this study was to assess
landscape pattern as it relates to forest wildlife resources.

This goal was pursued in the following manner. First, an extensive literature review

is presented that documents the relevance of selected aspects of landscape pattern to



biological diversity. The remainder of the dissertation contains 4 sections. The first
section (Chapter 1) presents and describes a large list of landscape expressions. Within
the second section (Chapter 2), I compare and contrast the expressions for classifying
them and identifying their relationship. Expressions are recognized that are highly
correlated, that duplicate pattern information, and that appear to have no discernable
relationship to the other expressions. In addition, a classification is presented based upon
the behavioral properties of the expressions. The third section (Chapter 3) examines how
landscape modification (in the form of timber harvest, road construction, and progressive
deforestation) influences pattern and wildlife-habitat relationships. The effectiveness of
the expressions for monitoring purposes is presented along with a discussion suggesting
their usefulness and limitations. In the fourth section (Chapter 4), I explore how changes
in spatial scale influence landscape pattern analysis, and describe the sensitivity, stability,
and variability of pattern expression behavior. The analysis identifies how the underlying
landscape pattern and the sampling process contribute to the results observed at different
spatial scales. Finally, I discuss the management implications that selecting a spatial scale
for the landscape analysis may have upon wildlife habitat assessment.

By analyzing and understanding selected aspects of landscape pattern, I have
attempted to develop new approaches for examining how the management of wildlife

resources may be enhanced through increasing knowledge of landscape pattern.



LITERATURE REVIEW

Landscapes are modified by both natural phenomena and human activities. Natural
phenomena include climatic, geological, and ecological processes. Human activities
include road construction, stream channelization, timber harvest, wetland drainage and
conversion, and agricultural practices. The resulting landform modifies air and ground
temperature, moisture, and nutrient availability (Swanson et al. 1988). These, in turn,
influence the colonization, distribution, and persistence of plants and animals.

Resource professionals are recognizing the significant impact that these
modifications have upon landscape pattern and related ecological processes dependent on
those patterns. Fragmentation results in the decline of many bird populations; in the
decline of large, wide-ranging species; and in the loss of other specialized species. Habitat
corridors allow movement of some species between habitats. The size and shape of forest
patches affect biotic and abiotic processes over various scales. Landscape connectivity
may enhance habitat use by some species. Edge characteristics may have both positive
and negative implications for biological diversity.

Understanding the connection between selected aspects of landscape pattern and the
persistence of species is the first step towards developing strategies for minimizing impacts
of proposed land use changes. Quantifying and describing landscape patterns is the logical
next step. The purpose of this section is to present a general review of the evidence

linking selected aspects of landscape pattern with wildlife resources.

Spatial Heterogeneity

Spatial heterogeneity is the variability in the number, type, size, and shape of land
classes within a landscape. These factors, and the changes in them, are related to the
number of species present in an area and the abundance of each species. For example, the
spatial heterogeneity of a forest may be a function of the number of different plant

communities, their shape and seral stages, and the elements of structural complexity within



those communities.

The role of spatial heterogeneity in regulating species diversity has been examined by
several researchers. Heterogeneous stands often have greater species richness and
abundance than that found in homogeneous stands (Roth 1976). Freemark and Merriam
(1986) found that edge-adapted species were particularly abundant in heterogeneous
stands. Management practices that enhance local habitat diversity however, may depress
species richness at regional scales (Faaborg 1980). Species richness begins to decline
when the average size of habitat units becomes small relative to required needs of species
and species groups.

Wildlife species differ in their needs for spatial heterogeneity. Habitat generalists

such as the bobcat (Felis rufus), coyote (Canis latrans), raccoon (Procyon lotor), and

striped skunk (Mephitis mephitis) can exist in many different environments. Habitat
specialists require certain conditions such as a fairly uniform area or a mixture of specific

vegetative types. The northern spotted owl (Strix occidentalis caurina) is a specialist that

requires relatively contiguous expanses of old-growth forest.
Many bird species require a diversity of habitats. The American woodcock

(Scolopax minor) requires different habitat types in which to roost, forage, nest, and rear

its broods. Canada geese (Branta canadensis) use both fields and shorelines. The royal

eagle (Aquila chrysaetos) nests on steep cliffs and hunts in cultivated fields (Forman and

Godron 1986). There is evidence that even within continuous forests, bird species may
require a mosaic of patch types (Karr and Freemark 1983).
Many mammals use 2 or more habitat types. An animal may forage or rear young in

one habitat and rest or hide in another. Moose (Alces americana) feed in marshes and

sleep in thick woods. Elk (Cervus canadensis) and white-tailed deer (Odocoileus

virginianus) move among the forest, shrublands, and fields for their needs (Roller 1978).
Coyotes hunt in early successional stages for small mammals and may use downed logs
within mature stands as denning sites (Thomas et al. 1979). Bighorn sheep (Ovis

canadensis) make use of rugged area and desert streambeds; skunks make use of fields



and wooded fencerows.

Diverse habitats often have several successional stages that provide a variety of

plant communities and resources for animals. Wild turkey (Meleagris gallopavo) forage
for invertebrates in early seral stages and for mast in mature forest stands (Gustafson et al.

1994). Ruffed grouse (Bonasa umbellus) roost in regeneration stands, breed in pole

stands, and forage in mature aspen stands.
Many animals forage within different habitats in each season. For example, black

bear (Ursus americanus) will feed on mast from lowland oaks in winter and spring; then

move to upland oaks for the remainder of the year (Rudis and Tansey 1995). Areas with
diverse habitats may offer seasonal and temporal resources for a particular species. Ample
variety is particularly important for waterfowl that migrate over long distances in order to

meet both breeding and over-wintering requirements. Mallards (Anas playtrhynchos) will

feed on agricultural crop residue during winter, while canvasback (Aythya valisineria) and
redhead ducks (A. americana) will forage on aquatic vegetation and invertebrates (Risser
et al. 1984).

The "interspersion" of different habitat types required by a species is often as
important to the species as the number or types of habitats available. Interspersion
suggests the arrangement and distribution of land classes (e.g., forest stands, ponds, corn
fields). The proximity or "juxtaposition" of different habitats is also of importance.
Energy expenditures may be greatly reduced when habitat types are juxtaposed
appropriately (Giles 1978). Habitats that provide nesting cover adjacent to forage areas
can support large numbers of wildlife. Yahner (1988) reported that the juxtaposition of
farmstead shelterbelts with croplands results in a greater diversity of breeding birds than
does the juxtaposition of shelterbelts with pasture. Pheasants (Phasianus colchicus) use
agricultural fields for feeding, preferring fields juxtaposed with hay crops that provide

nesting and roosting cover (Yahner 1988). Gray squirrels (Sciurus carolinesis)

commonly occur in pine forests during summer and fall, but do not remain there

throughout the year unless hardwoods are in close proximity (Dickson and Huntley 1987).



In addition, Harris (1984) suggested that the manner in which streams and riparian strips
are juxtaposed with coniferous forest adds considerably to habitat value for grizzly bear

(Ursus horribilis), river otter (Lutra canadensis), mink (Mustela vison), and the northern

water shrew (Sorex palustris).

Fragmentation

Fragmentation occurs when a parcel of forest or other habitat is separated into
"patches". Continual deforestation reduces further the size of forest patches, increésing
the distance among remaining patches. Landscape fragmentation may result from
geomorphic processes such as climatic disturbances (e.g., hurricanes and tornados) and
from human activities (e.g., summer home construction).

Harris (1988a) cited fragmentation as the most serious threat to biological diversity
and the primary cause of some present-day species extinctions. Not only is there loss of
the ornginal habitat, but those species that required that habitat are isolated. These
isolated areas have been compared to oceanic islands, with declining rates of immigration
and increasing rates of extinction. Area-sensitive species requiring large tracts of habitat
decline or even become locally extinct.

The reduction of forest size by fragmentation may lead to the regional extirpation of
some species. Often these species are distributed over a patchy environment, making the
flow of animals between patches difficult. The persistence of a population may be linked
to the number, size, and degree of isolation of forest patches. Indeed, Robbins et al.(1989)
found that the degree of patch isolation is often a significant predictor of relative

abundance for many bird species.

Plants. Ranney et al. (1981) documented that fragmentation influences major
changes in the vegetational composition of forest patches. The microclimate at the
perimeter of a forest patch differs markedly from that within the large, continuous forest.

The perimeter will experience more wind and sun, creating a special climate in which a



different assemblage of plants can grow. Characteristic edge associations composed of
xeric-adapted and shade-intolerant species become established. Species usually associated
with early succession then grow under a forest canopy (Whitney and Runkle 1981) and
may have a long-term effect on the composition of forest patches.

Fragmentation may also have a significant impact on vegetation dynamics in
oak-pine forests. Gibson et al.(1988) found that density and diversity of saplings and trees
were greater in forest patches than in the non-isolated stands. In apparent contrast, Hobbs
(1988) reported that the entire array of vascular plantbs of upland forest patches was

positively related to patch size.

Invertebrates. Invertebrates are also affected by fragmentation. One of the first

studies to document the effects of forest fragmentation on insects in the tropics showed
that dung and carrion beetle communities in forest patches differ less than those in
contiguous forests (Klein 1989). Several types of invertebrates (e.g., ants, flies, beetles)
become relatively abundant near forest edges created by fragmentation (Hunter 1990),
promoting insect disturbance at those edges. It also gives further credence to the theory
of a water imbalance likely at edges which results in tree mortality, a condition rapidly
followed by insect infestations. Such edge phenomena relate well to insect species

richness and their faunal associates.

Mammals. Although the effects of fragmentation on mammals have not been
studied extensively, it appears that a species-area relationship exists. Matthiae and Stearns
(1981) found that the relative abundance and number of mammalian species increased with

forest size. Red squirrel (Tamiasciurus hudsonicus), grey squirrel, and fox squirrel

(Sciurus niger), raccoon, and red fox (Vulpes vulpes) were more abundant in the large
forests of Wisconsin. Fahrig and Merriam (1985) also reported that certain mammals were
more common in large forest tracts than in smaller, isolated patches. Populations of

white-footed mice (Peromyscus leucopus) and chipmunks (Tamias striatus) in small
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forest patches decline seasonally and to such an extent that local extinctions occur
(Merriam 1990).

Fragmentation stemming from landscape development impacts those mammalian
species that do not adapt well to human presence. Rosenberg and Raphael (1986)

reported that fisher (Martes pennati), gray fox (Urocyon cinereoargenteus), ringtail cat

(Bassariscus astutus), and northern flying squirrel (Glaucomys sabrinus) were sensitive to
fragmentation in the Pacific northwest. Picton (1979) found that the presence of several
species of large mammals in Montana was correlated with the size of the mountain ranges

where each species occurs. These species included mule deer (Odocoileus hemionus); elk;

pronghorn antelope (Antilocapra americana); bighorn sheep; mountain goat (Oreamnos
americanus); bison (Bison bison); and grizzly bear. The increase in mammal species with
an increase in habitat size is attributed to the addition of new species as their requirements
are met for minimum habitat size and specific habitat components. The insularity of these
populations increased with continued landscape development while larger, undeveloped
areas tended to protect these species from extinction.

Fragmentation often appears directly proportional to road density (Bennett 1991).
Roads may act as barriers to the movement of species through the landscape, dividing and

isolating populations to a varying extent. Extensive networks of roads have negative

impacts upon moose, black bear, white-tailed deer, and mountain lion (Felis concolor).
The distribution of the timber wolf is also influenced by road density (Mech et al. 1988).
These negative impacts stem from both loss of habitat and increased hunter accessibility

onto the landscape, increasing the harvest and disturbance of these mammals.

Birds. The effects of fragmentation on bird species has been studied quite
extensively. Long-term studies show major population declines of neotropical migrants,
particularly in small forest patches. Breeding bird censuses for isolated forest patches
indicate general reduction in abundance and diversity of species over the past 20 years

(Lynch and Whitcomb 1977).
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Species that are intolerant of fragmentation tend to be highly migratory, are
forest-interior specialists, build open nests, and nest on the ground (Whitcomb et al.
1981). The worm-eating warbler (Helmintheros vermivorus), the hooded warbler

(Wilsonia citrina), and the black-and-white warbler (Mniotilta varia) are intolerant of

fragmentation (Hamel 1992). These and other similar species are generally absent in
patches < 20 ha. Other species that appear sensitive to habitat size include the

swallow-tailed kite (Elanoides forficatus), broad-winged hawk (Buteo platypterus), barred

owl (Strix vana), pileated woodpecker, and the black-billed cuckoo (Coccyzus
erythrophthalmus) (Hamel 1992). While many species avoid small patches, widespread

permanent residents and short-distance migrants tend to predominate in small areas
(Askins et al. 1990).

Forest size is also a primary determinant of the richness and size of bird assemblages.
Galli et al.(1976) and Van Dorp and Opdam (1987) reported a direct relationship between
number of bird species and the increase in forest area. Ambuel and Temple (1983) found
that bird diversity increases with area. The increase was due primarily to increases in
forest-dwelling, long-distance migrants. Freemark (1988) also reported that large forest
size was important to long-distance migrants and species with large territory requirements.

Opdam et al. (1985) reported that the distance from a patch within agricultural
landscapes to the nearest large forest was negatively correlated with species richness.
Both sedentary and migratory species seemed to show the effects of isolation. Whitcomb
et al. (1981) found that isolation negatively effects the number of forest interior birds in
small patches. Lynch and Whigham (1984) found that the abundance of breeding birds is

typically reduced by the isolation of forest patches resulting from fragmentation.

Edge Characteristics
Edge has been an important consideration in landscape analysis since the beginning
of wildlife management. An edge is the place where 2 different plant communities,

successional stages, or land uses come together. Edge is related to the broad concept of
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boundary, which is common in the landscape ecology literature. Boundaries are
recognized by spatial discontinuities in features of the soil, vegetation, and geology
(Zonneveld and Forman 1990). Boundary dynamics emphasize how boundaries affect
ecological processes, the movement of materials (including energy and species) over an
area, and how imbalances in these transfers affect landscape configuration (Weins et al.
1985). This is a distinctly different focus from the concept of "edge effect" (Leopold
1933), which considers how transitions between community types influence species
diversity (Weins 1992). In these transitional areas, there is often an increase in species
composition and abundance. This may be due to an additive effect on the flora and fauna
when 2 communities come together.

Five factors appear important in edge development: land class types; successional
stages of those land classes; solar aspect; activity of herbivores; and the way an edge is
maintained (Ranney et al. 1981). The relative importance of these factors changes through
time and space.

Several factors work separately or in combination to produce "inherent" or natural-
occurring edges. Such edges are characterized by abrupt changes in soil type, topographic
or geomorphic differences, and changes in microclimate (Thomas et al. 1979). Inherent
edges are influenced by the recurrence of environmental disturbances. In contrast,
"induced edges" are those created by management practices or short-term natural
phenomena. Induced edges can be created by manipulation (e.g., cultivation, fertilization,

harvest) and by environmental factors such as fires, storms, and floods.

Beneficial Edge Effects. Many wildlife species occur within edge habitat,

particularly in certain juxtapositions of communities offering food and cover. Rocky

Mountain mule deer (Odocoileus hemionus hemionus), Rocky Mountain elk (Cervus

elaphus nelsoni), black-tailed deer (Odocoileus hemionus), and white-tailed deer make

heaviest use of their range near the edges of brush openings. Game birds such as the

American woodcock (Scolopax minor) and northern bobwhite (Colinus virginianus), do
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well in edge habitats. Many bird species of urban and agricultural landscapes are
edge-adapted (Whitcomb et al. 1981) just as are many game species. Species requiring
access to 2 or more habitat types are frequently associated with edges. These include the
European sparrowhawk (Accipiter nisus) and the European badger (Meles meles) (Hunter
1990).

The distribution of songbirds near forest edges has also been investigated. Many

bird species concentrate near edges and many forest birds favor edge habitat (Yahner and
Scott 1988). Edge also provides enhanced forage and improved habitats for woodland
passerines (Reese and Ratti 1988). In Toronto, Gotfryd and Hansell (1986) found that
edge length was strongly associated with bird abundance and species richness, possibly
due to the relatively abundant invertebrates that occur near edges. In addition, Gates and
Gysel (1978) suggested that edges attract many passerine birds because they contain

structural cues similar to those of the patchy habitats in which these species evolved.

Detrimental Edge Effects. Edge is not universally beneficial for all species and is
likely to be detrimental to certain populations. Excessive edge may lead to reduced
populations of species dependent on large blocks of forest interior (Robbins et al. 1989)
and a shift from characteristic forest species to generalist species at both local and regional
scales (Wilcove et al. 1986).

There appears to be a group of species that avoids edges and does best in large
continuous forest tracts distant from edges. Forest species such as the sugar maple (Acer
saccharum) and American beech (Fagus grandifolia) do not thrive near edges (Ranney et
al. 1981). Desiccation from the sun and occasional windthrow may make edges unsuitable
habitat for these species. Southeastern breeding birds species that nest only in the interior
of forests include the sharp-shinned hawk (Accipiter striatus), Cooper's hawk (Accipiter
cooperii), hairy woodpecker (Picoides villosus), winter wren (Troglodytes troglodytes),
and veery (Catharus fuscescens) (Hamel 1992).

Management for edge effect through habitat subdivision can negatively impact
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interior species, particularly in forest patches with large perimeter-to-area ratios (Noss
1983). Robbins (1979) found increasing evidence that birds characteristic of forest
interior habitats are unable to maintain their populations where edge is abundant.

An increase in density of forest-edge and farmland species along edges may exclude
certain interior and long-distance migrant species. Competition for tree cavities by
edge-adapted starlings (Sturnus vulgaris) and red-bellied woodpeckers (Melanerpes
carolinus) exert a direct negative impact on less abundant forest species (Harris 1988a).
This competition may influence bird community composition more than area-dependent

changes in habitat (Ambuel and Temple 1983).

Edge and Predation. Many species that readily use edges are subject to high

rates of mortality from predators attracted to edge habitats. Raccoon, short-tailed weasel

(Mustela erminea), and striped skunks often travel along edges, preying on small animals.
Ground nests can receive great predation pressure in edge habitats where mammals and
reptiles are the dominant predators (Chasko and Gates 1982). This increase in predation

reduces the fecundity of such birds as the Kentucky warbler (Oporornis formosus), scarlet

tanager (Piranga olivacea), wood thrush (Hylocichla mustelina), yellow-throated vireo

(Vireo flavifrons), and the ovenbird (Seiurus aurocapillus) (Temple and Cary 1988). For

these species, increased edge alters both the quantity of habitat available and the quality of
the remaining habitat.

Many bird species occurring in edge habitat exhibit reduced reproductive success
there, often referred to as the "ecological trap" phenomenon (Gates and Gysel 1978).
Nesting success of some songbirds is often low near forest edge due to high densities of

nest predators such as the blue jay (Cyanocitta cristata), the American crow (Corvus

brachyrhynchos), and the common grackle (Quiscalus quiscula) (Yahner and Scott 1988).

Wilcove et al. (1986) reported that edge-related increases in predation on artificial nests
can extend 300 meters from the forest edge. Finally, plant herbivory by deer and insects is

often great along edges (Temple 1986). In Wisconsin, browsing by white-tailed deer
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profoundly affects the abundance and structure of woody and herbaceous plant species.
The effects of high deer densities along edges carries into the interior of old and mature
forest stands, greatly modifying their composition. This leads to reduced regeneration of

Canada yew (Taxus canadensis), eastern hemlock (Tsuga canadensis, and white cedar

(Thuja occidentalis) (Alverson et al. 1988).

Edge and Brood Parasitism. Nest parasitism is also a factor concerning

managers of edges. Brood parasites lay their eggs in the nests of other species that hatch
and rear the parasite's young. Brood parasites substantially reduce the reproductive
success of their hosts; few or none of the host's young fledge from a parasitized nest.

Brood parasites such as the brown-headed cowbird (Molothrus ater) occur more

frequently near edges and openings within large forest tracts. Brittingham and Temple

(1983) suggested that cowbirds may contribute to the population declines of the

endangered Kirtland's warbler (Dendroica kirtlandii) and in the reductions of the Acadian

flycatcher (Empidonax virescens), veery (Catharus fuscescens), American redstart

(Setophaga ruticilla), and Louisiana waterthrush (Seiurus motacilla).

Connectivity

Several researchers have presented evidence for the value of corridors (MacClintock
et al. 1977; Whitcomb et al. 1981; Wilcove et al. 1986). Cornidors may facilitate
movement of animals, dispersal into new habitats, and improve habitat quality by
connecting patches of critical habitat.

Forman and Godron (1981) described 4 types of corridors. Line corridors such as
roads, fencerows, and powerlines generally support species characteristic of edge habitat.
Strip corridors are wide bands that contain the interior environment required by many
species. Riparian corridors are the most widespread. The fourth type of corridor is a
network, which may provide access to resources that are patchily distributed. Each of the

types of corridors are used by many species for travel within habitats and for dispersal.
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Travel Corridors. The effectiveness of travel corridors depends on the habitat

structure within the corridor, the width and position of the corridor relative to patches in
the landscape, and the life histories of the animals involved (Noss and Harris 1986).
Narrow strips of trees, fencerows, and networks can facilitate travel by some species and
retard others. Forman and Godron (1986) described movement along corridors for a
variety of bird and mammal species. Striped skunk travel long distances along hedgerows
in search of prey. Bears and wolves travel along roads and frozen drainage ditches.
Stream and riparian corridors affect the movement of animals within watersheds,

linking different patches of habitat for red fox, pine marten (Martes martes), and fisher.

Hardwood streamside corridors allow wild turkey to move over areas that would
otherwise constitute barriers to movement. Elk often use riparian corridors to travel
between their winter énd summer ranges (Thomas 1979). Major river corridors often
serve as flyways for migratory waterfowl and raptors.

Travel corridors are often eliminated by agricultural and commercial development,
restricting species movement. The home ranges of otter and mink become confined by
human dwellings along the waterways. Harris (1988a) reported that intersections of roads
and waterways with home range reduces the range and increases mortality due to collision

with motorized vehicles. This was observed for the endangered panther (Felis concolor),

Key deer (Odocoileus. v. clavium), and manatee (Trichechus manatus).

Dispersal Corridors. Simpson (1940) discussed the importance of land bridges as

dispersal corridors for terrestrial species colonization. Heany and Patterson (1986)
presented an extensive review of the regional patterns of mammal distribution as affected
by dispersal corridors. Pelton (1986) described how the loss of movement corridors has
come to restrict the distribution of black bears.

Jackson (1987) reported that red-cockaded woodpeckers (Dendrocopos borealis)

were aided in colonizing existing habitat by corridors. Dickson and Huntley (1987) found

that neither gray squirrel nor fox squirrel would disperse into isolated patches unless
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wooded corridors of sufficient width were available. Similarly, Stauffer and Best (1980)
found that among 40 bird species inhabiting riparian forests in Iowa, 9 species occurred
only in strips wider than 90 meters.

Dispersal corridors may also facilitate recolonization. Corridors that link small
patches may enrich those patches with species that otherwise could not survive there
(Galli et al. 1976, Robbins 1979). Corridors were shown by modeling (Fahrig and
Merriam 1985) to enhance recolonization of local extinctions and to reduce frequency of
extinction by enhancing growth in the subpopulations.

Recolonization across agricultural landscapes is enhanced by fencerows serving as
corridors for movement across croplands (Merriam 1990). The meadow vole (Microtus

pennsylvanicus) extended its distribution range along a newly constructed interstate

highway (Forman and Godron 1986). The grassy sides of the highway served as a long
corridor that facilitated dispersal.

Another important aspect of dispersal corridors is promoting gene flow between
habitat patches which allows species to persist in landscapes where they could not
otherwise occur. Harris (1988b) reported that isolating a panther subpopulation resulted
in restricting gene flow sufficient to cause inbreeding and the expression of distinct

morphological traits.

Connectivity to Habitat. The connectivity of habitat in a landscape may enhance

habitat quality. Connectivity refers to the degree of continuity of a landscape that
facilitates movement both within and among habitats. Small tracts of forest can often be
used by forest birds when connected to large tracts by means of wooded corridors
(Robbins 1979; Freemark and Merriam 1986). Forest interior birds are able to breed and
persist in forest fragments connected by woodland corridors (MacClintock et al. 1977).
Merriam (1990) discussed how corridors between forest fragments provide ease of
colonization by woodland mice.

The connectivity of landscapes is rapidly becoming an important consideration in
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