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Contributed Papers

Changes in Wildlife Communities

Near Edges

RICHARD H. YAHNER

School of Forest Resources
The Pennsylvania State Universicy
University Patk, PA 16802, US.A

Abstract: Wildlife managers and land managers bave tra-
ditionally considered edges as beneficial to wildlife because
specles diversity generally increases near habitat edges Fx-
planations for this edge effect include greater vegetative
complexity at edges or the simultaneous availability of more
than one landscape element However, edges can bave neg-
ative consequences for wildlife by modifying distribution
and dispersal and by increasing incidence of nest predation
and parasitism. Edges also may be detrimental 10 species
requiring large undisturbed areas because increases in edge
Benerally result in concommilant reductions in size and
possible isolation of patches and corvidors. Thus, both wild-
life and land managers should be cautious when describing
the benefits of edges to wildlife particularly when dealing
with species that require forest interiors

Changes in wildlife communities associated with babitat
edges are not easily assessed because defining edge spectes
and measuring edge dimensions can be difficult in field
studies. Also, there is no general consensus as to how edge
effect is best measured, Well-designed, long-term studies of
edges in various landscapes are needed (1) to better under-
stand the positive and negative impacts of edges on wildlife
communities, guilds, or key species, and (2} to effectively
quantify edge effect and thereby develop management tec-
ammendations to improve the quality of edges for wildlife
Additional studies of edge effect are timely because greater
amounts of edge will continue to be crealed in future land-
scapes due 1o extensive agriculture and other land-use prac-
tices, and because developing knowledge in conservation
biology and landscape ecology will facilitate multidisci-
plinary approaches to edge and landscape management for
the benefir of wildlife.

Resumen: Tradicionalmente, los expertos en mangjo de
fauna y uso de la tierra ban considerado a las zonas de
transicidn entre diferentes tipos de vegetacion del (a los bor-
des y dreas disturbadas del bosque) como bengficiosas para
la fauna porque la diversidad de las especies generalmente
se incrementa cerca de estos bdbitats, Las explicaciones sobre
este efecto de bordes incluyen una mayor complefidad veg-
etativa en los bordes o una disponibilidad simultdnea de
mds de un elemento del paisaje. Sin embargo, las dreas dis-
turbadas pueden temer consecuencias negativas para la
fatuna al modificar la distribucidn y dispersién e incremen-
tar las incidencias de predacion y parasitismo. Los bordes
pueden ir también en detrimento de especies que requieren
dreas extensas e intactas ya que los aumentos en las dreas
disturbadas gesteralmente producen reducciones concomi-
tantes en tamasnio y posible aislamiento de pequerias dreas y
corredores. De esta forma, adwministradores de dreas’ silyes-
tres deben ser cautelosos al describir los beneficlos de dreas
disturbadas a la vida silvestre, particularmente cuando se
trata de especies que necesitan del interior del bosque.

Los cambios en las comunidades silvestres asociadas cont
bordes de bdbitats no son facilmente evaluables debido a
que la definicion de especies de bordes de hdbitats y la medi-
cidn de dimensiones de los bordes resulta dificil en estudios
de campo, Tambien, no bay un consenso general de cdmo se
cuantifica mejor el efecto de bordes. Estudios bien disefiados
y de largo plazo en dreas de borde son necesarios (1) para
entender mefor los impactos positivos ¥ negativos de dreas
de borde sobre comunidades silvestres, guildas o especie
claves, y (2) para cuantificar efectivamente el efecto de
borde y asi, desarrollar recomendaciones de manejo para
mejorar la calidad de estas dreas para la vida silvestre. Es-
tudios adicionales sobre el efecto de borde son necesarios ya
gue dreas con esas caracteristicas continuardn aumentando
en el futuro debido a la agricultura extensiva y olras prdc-
ticas del uso de la tierra El desarrollo de la biologia de
conservacién y ecologia de paisafes facilitard los aproxima-
ciones multidisciplinarias para el manefo de dreas de bovde
para el beneficio de la vida silvestre.
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Introduction

An edge can be defined as the junction of two different
landscape elements (e.g., plant community type, succes-
sional stage, or land use ) (Giles 1978; Thomas, Maser, &
Rodick 1979; Forman & Godron 1986). This junction is
cither a well-defined boundary or a transition zone (ec-
otone) where plant and associated wildlife communities
grade into one another.

Wildlife communities (defined herein as an assem-
blage of species in a prescribed area) associated with
edges or ecotones (hereafter referred to collectively as
edges) have been of considerable interest to wildlife
managers and land managers since the early 19305,
when Leopold (1933) reported greater wildlife diver-
sity at edges. He speculated that greater diversity at
edges, often termed an edge effect, was due either to the
variety of vegetation at edges compared to areas distant
from an edge or to the availability of two different hab-
itats in close proximity (sce also Johnston 1947). But
most evidence for edge effects on wildlife has been cir-
cumstantial, and their benefit to wildlife has been ele-
vated to theorem by usage rather than by sound scien-
tific studies (Giles 1978; Reese & Ratti 1988).
Moreover, managing for edge habitat in order to maxi-
mize wildlife diversity raises aesthetic, moral, and sci-
entific issues because we now recognize that maximum
diversity may not always be a desirable objective; for
example, it further endangers species that are depen-
dent on extensive stands of undisturbed habitat (Harris
1984 ). Recent studies also have shown that productivity
of certain songbirds is reduced along edges due to high
incidences of necst predation and parasitism (Lauden-
slayer 1986).

My objective is to describe changes in diversity, abun-
dance, and spatial distribution of wildlife communities
associated with forest edges, with particular reference
to avian and small mammal communities. By examining
these changes, which I refer to as edge effects, better
insight can be obtained into how characteristics of
edges or surrounding landscapes affect wildlife commu-
nities, guilds, or key species, Perhaps more importantly,
this paper will convince us that additional research is
timely and necessary to better understand edge effects
for wildlife.

Types of Edges

An edge may be inherent or induced. An inherent edge
is 2 long-term feature of the landscape, such as the junc-
tion between two plant community types, that results
from local differences in soil type, topography, gecomor-
phology, or microclimate (Thomas, Maser, & Rodick
1979). An induced edge is usually a short-lived, man-
made feature at the junction of distinct land uses or
successional stages that are cither nonlinear patches or
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lincar corridors. Patches and corridors are termed rem-
nant, disturbed, introduced, or regenerated, and differ in
“appearance” from the most connected and extensive
element (i.e., matrix) in the landscape (Forman &
Godron 1986). Because induced edges are 2 direct re-
sult of magagement practices or, in some cascs, short-
termnatural phenomena {c.g, fire), they are of consid-
erableinterest to both wildlife and land managers,

Methodological Considerations in Edge Studies

Before changes in wildlife communities associated with
edges can be described in field studies, we should (1)
define edges species, (2) delineate edge dimensions
(length and width), and (3) determine the best means
of quantifying edge effect.

Defining Edge Species

An edge species can be defined as one that performs all
or most daily activities at or near edges, whereas an
interior species conducts most daily activitics away
from edges (Johnston 1947; Forman & Godron 1986).
However, we are faced with at least three problems in
classifying an edge species and, hence, a wildlife com-
munity associated with an edge. First, time spent at
edges varies among species because edges serve differ-
ent pusposcs. For instance, assume a hypothetical edge
with dense shrubs, small trees, and tall trees (e.g., an
induced edge created by a disturbed patch or corridor).
Gray catbirds (Dumetella carolinensis) and yellow-
breasted chats (Jeteria virens) nesting and foraging in
the dense shrubs and small trees could conceivably per-
form all daily activities at the edge (Chasko & Gates
1982), whereas brown-headed cowbirds (Molothrus
ater) using the tall trees as perches probably go else-
where to forage (Anderson 1979; Yahner 1987). In
farmstead shelterbelts (e.g., induced edge created by an
introduced corridor), common nesting birds include
mourning doves (Zenaidura macroura), American rob-
ins (Turdus migratorius), common grackles (Quiscalus
gquiscula), gray catbirds, brown thrashers (Toxostoma
rufumy), and song sparrows (Melospiza melodia) (Yah-
ner 1982). The initial three species forage extensively in
the surrounding landscape (croplands, pastures, lawns),
whereas the latter three rarely venture away from the
shelterbelts to forage (Yahner 1983a).

Second, defining an edge species can be difficult
when intraspecific use of edges varies among seasons. In
spring, black-capped chickadees (Parus atricapilius)
and downy woodpeckers (Picoides pubescens) fre-
quently forage at edges between mature and clearcut
stands (e.g., induced edge created by a disturbed patch)
in central Peansylvania (Yahner 1987). Bur in winter,
both species seldom occur along edges, presumably be-
cause forest interiors provide more favorable microcli-
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mates than do cdges. In intensively farmed areas of
southern Minnesota, castern cottontails (Sylutlagus flo-
ridanus) are uncommon in farmstead shelterbelts dur-
ing summer; however, with crop harvest and less cover
in the surrounding landscape during autumn, cottontails
become more prevalent in shelterbelrs (Swihart & Yah-
ner 1982).

Third, intraspecific use of edges can vary among geo-
graphic regions. The northern cardinal (Cardinalis car-
dinalis) is associated with edges in some parts of its
range but with forest interiors in other parts ( Johaston
& Odum 1956). The red squirrel (Tamiasciurus bud-
sonius) is found in northern boreal forests but also oc-
curs in manmade farmstead shelterbelis in southern
Minnesota (Yahner 1980). Thus, because of temporal or
spatial differences in edge use within and among spe-
cies, defining edge species can be difficult.

Delineating Edge Dimensions

We should establish the physical dimensions (length
and width) of an edge before attempting to describe the
associated wildlife community. Length of an edge, such
as between a powerline corridor and a marture forest, is
relatively easy to estimate (Giles 1978; Brooks & Scott
1983), Similarly, width of a corridor, c.g., farmstead
shelterbelts in an agricultural matrix, is casy to delineate
(Yahner 1983a). But because edge width at two adjoin-
ing patches can vary depending on the nature of vege-
tation in adjoining landscape elements (e.g., old ficld
and mature forest) and because vegetative structure and
composition from two adjoining elements can gradually
blend together rather than change abruptly, measure-
ment of edge width at the interface of distinct patches is
usually subjective. At least in the northern hemisphere,
edges exposed to southerly aspects or prevailing winds
are usually wider than others because of greater primary
production and better sced dispersal (Ranney, Bruner,
& Levenson 1981; Whitney & Runkle 1981; Forman &
Godron 1986).

I question, however, the continued use of vegetation
characteristics to quantify edge width. Gates & Mosher
(1981), who examined edge width at ficld-forest junc-
tions in Michigan, found that width was <13 m based on
vegetative structurc but >G4 m based on the spatial
disteibution of avian nest sites. Perhaps edge width is
best defined, not by the investigator, but by the func-
tional use of edges by wildlife.

Quantifying Edge Effect

Edge effect for wildlife has been quantified in several
ways. In a few studies of avian communities, edge effect
has been assessed by comparing the distributions of
nests (Gates & Mosher 1981) and territories (Kroodsma
19844) or the incidences of nest predation and parasit-
ism relative to distances from edge (Brittingham & Tem-
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ple 1983; Wilcove 1985; Andren & Angelstam 1988),
More commonly, edge effect for birds has been quanti-
fied using diversity indices (e.g., Strelke & Dickson
1980; Yahner 1987). But there is some concern that
managing for high diversity along edges in certain laad-
scapes may be detrimental to habitat-specialist or rare
species (Hair 1980; Harris 1984). In short, there is no
consensus or standardized protocol for quantifying cdge
effect; yet development of a protocol is long overdue
with continued urban sprawl, intensive agriculture, and
forest fragmentation, and, hence, greater amounts of
edge habitat in future landscapes. Without a pragmatic
means of assessing edge effect, we will continue to have
difficulty addressing the positive and ncgative attributes
of different types of edges to wildlife and in managing
for “quality” edges for the benefit of wildlife (after Van
Horne 1983).

Changes in Wildlife Communities Near Edges

Edge effects for wildlife must be viewed as being a func-
tion of spatial heterogencity in the surrounding land-
scape (e.g., interspersion of different types of landscape
elements), spatial heterogeneity at the edge (e.g., com-
plexity of vegetative compasition and structure), and
dimensions of the edge (e.g., width, length). But these
often are interrelated; for example, edge length in-
creases with greater interspersion of landscape ele-
ments.

Edge Effect: Spatial Heterogeneity in the Landscape

Spatial heterogeneity created by increased interspersion
of landscape elements { ¢.g., horizontal patchiness ) leads
to greater amounts of edge and commonly to increased
wildlife diversity (Roth 1976). For example, the check-
erboard pattern of small forest stands of different cover
type and age throughout a ruffed grouse (Bonasa um-
bellus ) management area in central Pennsylvania results
in increased breeding-bird diversity over that of a ho-
maogeneous control {uncut) portion of the study area
(Yahner 1984). Diversity of breeding birds is higher in
farmstead shelterbelts adjacent to croplands than in
those next to paswures; vegetation in croplands (eg.,
corn stalks) presumably provides better foraging and
singing substrate than thec sparse vegetation of pastures
(Yahner 1983a).

Edge Effect: Spatial Heterogeneity at the Edge

Spatial heterogeneity created by complex vegetative
structure and composition ia the vertical dimension of
the interface between two adjoining landscape clements
also can increase wildlife diversity (Willson 1974). Mor-
gan & Gates (1982) found higher species richness of
brecding birds at interfaces of forests and multiflora rose
(Rosa multifiora) hedgerows than at interfaces of for-
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ests and cultivated fields with lesser vegetative com-
plexity. Mixed-habitat species, such as gray catbirds,
were particularly common to these hedgerow-forest in-
terfaces. Conversely, an edge effect may be minimal or
absent despite vegetative complexity at edges if abun-
dant brushy vegeration is present elsewhere in the
nearby matrix. For example, although common yel-
lowthroats (Geothlypis trichas) frequently occur zlong
edges, they use the adjacent matrixX when brushy vege-
tation is available (Kroodsma 19848; Yahner 1987).

Edge effect may be more pronounced on one side of
the interface of two landscape elements than on the
other because vegetative complexity differs to cach
side. For instance, Strelke & Dickson (1980) found
higher bird species diversity and occurrences of great
crested flycatchers (Myiarchus crinitus), eastern wood-
pewees (Contopus virens), and Carolina chickadees
(Parus carolinensis) within the initial 25 m of forest
edge adjacent to clearcut stands in Texas, They attrib-
uted this edge effect to well-developed foliage layers,
which provided abundant foraging and singing sites, at
the forest edge compared: to greater distances from the
edge. Yahner (1987) noted that black-capped chicka-
dees and downy woodpeckers in Pennsylvania often oc-
curred in mature forest stands proximal to immature
( <7 years since cutting) stands but rarely used the im-
mature stands, which afforded little food and cover.

Finally, recent studies have shown that vegetative
complexity at ground level reduces the foraging cffi-
ciency of predators (Bowman & Harris 1980; Redmond,
Keppie, & Herzog 1982; Sugden & Beyersbergen 1986;
Yahner & Cypher 1987). Hence, because predators of-
ten concentrate foraging activities along edges (Gates &
Gysel 1978), management for vegetative complexity at
the interface of landscape clements could possibly min-
imize predation pressure on cdge species.

Edge Effect: Relation to the Edge Width and Length

The relationship between edge effect or edge width and
wildlife communities has not been well documented
(Forman & Godron 1986), perhaps because (1) edges
assessed were of insufficient width, (2) edge effects are
more 2 function of length than width, and (3) research
on this relationship has focused more on induced edges
created by corridors thao by paiches. For instance, Lau-
denslayer & Balda (1976) could find no evidence for 2
distinct breeding-bird community in narrow inherent
edges between stands of pinyon pine (Pinus edulis)-
ponderosa pine (Pinus ponderosa)-juniper (Juniperus
spp.) stands in Arizona (i.c., inherent edge), and
O'Meara et al. (1981) reported that only the blue-gray
gnarcatcher (Pilioptila caerulea) occurred exclusively
within narrow edges created by pinyon-juniper chaining
(i.e., induced edge). Emmerich & Vohs (1982) and Yah-
ner (1983a) found that single-row windbreaks and nar-
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row shelterbelts (theee rows) were of insufficient width
to serve as suitable wintering habitat for birds. On the
other hand, Harris & McElveen (1981) found higher
bird abundance and diversity along narrow abrupt edges
than at wider more gradual edges betwecen cypress
(Taxodium distichum) and pine (Pinus elliottil).

Godfryd & Hansell (1986) reported that avian diver-
sity and abundance in small urban woodlots were prin-
cipally associated with edge length and not width. In
farmstecad shelterbelts, abundances of 17 bird species
were positively correlated with shelterbelt length,
whereas abundances of only twao species were related to
shelterbelt width (Yahner 1983a). In these same shel-
terbelts, species richness of small mammal communities
and abundances of white-footed mice (Peromtyscus leu-
copus), meadow voles (Microtus pemnsylvanicus),
masked shrews (Sorex cinereus), and northern short-
tailed shrews (Blarina brevicauda) also were directly
correlated with shelterbelt length (Yahner 1983b).

Several recent studies of wildlife 2ssociated with cor-
ridors have shown a relationship between edge effect
and width, Stauffer & Best (1980) reported higher num-
bers of breeding bird species in lowa in wider (>200
m) than in narrower habitats. They noted that 10 of 17
species, including hairy woodpeckers (Picoides villo-
sus), wfted titmice (Parus bicolor), and ovenbirds
(Seiurus aurocapillus), avoided nesting in narrow ri-
parian habitats. Emmerich & Vohs (1982) examined
bird communities in riparian woodlands, multirow facm-
stead shelterbelts, and single-row windbreaks in South
Dakotz and reported greater diversity in wider (riparian
habitats) than in narrower habitats (shelterbelts and
windbreaks) during brecding, migratory, and winter
seasons. Anderson, Mann, & Shugart (1977) observed
lowest numbers of breeding bird species in 11-m-widc
powerline corridors, highest numbers in 31.5-m-wide
corridors, and intermediate numbers in 61- and 91.5-
m-wide corridors. Kroadsma (1982) found that popula-
tions of northern bobwhites (Colirus virginianus) and
blue-gray gnatcatchers using powerlines increased with
greater corridor width. Thus, although some informa-
tion is availzble on edge effects in relation to edge di-
mensions, and particulacly in relation to induced edges
created by patches, additional data are needed to better
understand wildlife community changes along edges
and to manage edges for the bencfit of wildlife in various
landscapes.

Edge Effects: Barriers to Distribution and Dispersal

Induced edges are often characterized by abrupt differ-
ences in vegetative structure and composition between
two contiguous landscape clements. This edge contrast
(e.g., Thomas, Maser, & Rodiek 1979) can act as 2 bar-
rier to the distribution and dispersal patterns of both
birds and mammals. Territorial boundarics of forest
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songbirds, such as blue-gray gnatcatchers, summer tan-
agers (Piranga rubra), and black-and-white warblers
(Mniotilta varia), coincide with boundaries of distinct
landscape elements (Kroodsma 1982, 19844). Some for-
est birds (e.g.,, wood thrushes, Hylocichla mustelina)
nest within 50 m of powerline cocridor—forest inter-
faces but seldom use the adjacent corridor (Chasko &
Gates 1982). Eastern chipmunks (Tamias striatus) in
woodlands scldom traverse fields; conversely, meadow
jumping mice (Zapus hudsonius) in ficlds rarely use
nearby woods (Wegner & Merriam 1979 ). White-footed
mice associated with even-aged stands in Pennsylvania
tend to avoid edges at the junction of clearcut and ma-
ture stands (Yahner 1986). Clcarcut stands act as a bar-
rier to the distribution of southern flying squirrels
(Glaucomys volans) (Bendel & Gates 1987). Gottfried
(1979) reported few small mammal species and low fall
densities of whitc-footed mice in Iowa woodlots sur-
rounded by cornficlds because cornfields serve as dis-
persal barriers to white-footed mice and to thirteen-
lined ground squirrels (Spermopbilus tride-
cemlineatus) from grasslands (i.e., introduced patch)
(Fleharty & Navo 1983).

However, in some situations, differences in vegetation
between adjoining landscape elements may not be the
major factor affecting wildlife distribution or dispersal,
Ferris (1979) found that bay-breasted warblers (Dend-
roica castanea), blackburnian warblers (Dendroica
fusca), blue jays (Cyanocitia cristata), and winter
wrens (Troglodytes troglodytes) avoided forest edges
along highways. He suggested that the noise created by
vehicular traffic rendered the forest edge unsuitable for
breeding for these species.

Edge Effect: Relation to Habitat Fragmentation

Habitat fragmentation will continue to be of concern to
conservation biologists as well as to wildlife managers
and land managers for at least two reasons, First, cxten-
sive fragmentation and increased edge results in less
“secure” habitat for nesting birds (Temple 1986G). The
incidence of nest predation and parasitism is much
higher near edges than in forest interiors and in more
fragmented than in less fragmented forests (Gates & Gy-
sel 1978; Brittingham & Temple 1983; Wilcove 1985;
Andren & Angeclstam 1988; Yahner & Scott 1988).
There is evidence that the detrimental edge effects of
predation on open nests of forest birds may extend 600
m into the forest, requiring forest tracts to he >100 ha
in size before forest-interior habitat is found (Wilcove
1985).

Second, feagmentation and increased edge are major
factors conwributing to the reduced distribution and
abundance of wildlife species on a broad geographic
scale. Several songbird species that require breeding ter-
ritories in forest interiors have shown long-term de-
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clines in eastern deciduous forests, perhaps because of
habitat fragmentation (Whitcomb et al. 1981). Popula-
tions of large, mobile carnivores (e.g., mountain lions,
Felis concolor; grizzly bears, Ursus arctos) in westemn

 states may be in jeopardy because of reductions in size

and the increased isolation of extensive tracts of undis-
turbed habitat (e.g., Wilcove, McLellan, & Dobson 1986;
Wilcove & May 1986).

Finally, limited amounts of habitat fragmentation, for
example, small clearcut stands within extensive tracts of
otherwise homogeneous forest, can add to the local di-
versity of wildlife communities. Clearcut stands provide
ncsting habitat for a variety of cdge species, such as
chestnut-sided warblers (Dendroica pensylvanica) and
mourning warblers (Oporornis philadelphia) in for-
ested tracts of north-centrcal Pennsylvania (Yahner 1984;
Dessecker & Yahner 1987). However, more studics are
needed to document the positive and negative conse-
quences of different intensities of habitat fragmentation
in various landscapes.

Conclusions

Based on our current understanding of changes in wild-
life communities near edges, we must not canclude that
creation of morc cdge in landscapes will always have a
positive cffect on wildlife. The generality that provision
of more edge is good wildlife management needs to be
reexamined for at least two reasons. One reason is that
types of edges and perhaps “quality” of edges vary mark-
cdly, depending on characteristics of both the edge and
the surrounding landscape. In short, edges are not cre-
ated equal, and, hence, their edge effects for wildlife
should not be expected to be equal.

A second reason for being cautious in ascribing the
benefits of edges to wildlife is that we simply need ad-
ditional well-designed, long-term studies of edge effects
to (1) develop a pragmatic and standardized protocol
for measuring and comparing edge dimensions and edge
effect in different landscapes, (2) better document and
understand both positive and negative impacts of edge
cffect for wildlife communities, guilds, and key specics,
and (3) provide both wildlife and land managers with
sound management recommendations for the benefit of
wildlife associated with edges. Additional studies on
edge effect are timely because amounts of edge un-
doubtedly will increase in the future with continued
land-use practices, such as widespread urbanizarion, ag-
riculture, or sitviculture, thereby affecting future trends
in the distribution and abundance of wildlife communi-
ties. And, finally, with the recent growth of fields such as
conservation biology and landscape ecology, future op-
portunities abound to facilitate multidisciplinary ap-
proaches to edge and landscape management for the
benefit of wildlife communities.
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