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Abstract 

Habitat loss and isolation associated with land conversion for human activities constitute the most serious threat to the 
Earth’s biological diversity. The study of habitat fragmentation provides an important link between the concepts and 
principles of landscape ecology and the practice of landscape architecture and planning. Here I review ecological literature to 
examine current understanding of the ecological consequences of habitat fragmentation, and briefly suggest ways in which 
the results of these studies may guide decision-making by landscape architects and planners. Two theoretical developments 
in ecology have informed studies of habitat fragmentation and have provided testable hypotheses for empirical studies: 
island biogeography theory and metapopulation dynamics. Ecologists have examined the influences of habitat fragment size, 
shape, degree of isolation, context, and habitat quality or heterogeneity on plant and animal population persistence, 
community composition, and ecosystem processes. 

Disruption of continuous habitat usually results in an increase in the length of the boundary between fragments and their 
surrounding habitats. Newly created edges experience shifts in microclimatic characteristics, which may significantly alter 
the native plant and animal communities present. The size of a habitat fragment markedly influences the ecological processes 
occurring therein, largely due to the changes induced by these habitat edges. In general, species richness declines as 
fragment area decreases. Vegetated corridors may facilitate the movement of plants and animals among habitat fragments, 
however, more information is needed regarding the efficacy of corridors in reducing species loss from fragmented habitats. 
Fragments with highly irregular, convoluted boundaries will likely have greater exchange of nutrients, materials, and 
organisms with adjacent habitats than will those with less convoluted boundaries. Adjacent habitat types, land management 
regimes, and intensity of human activities influence boundary permeability and thus flow among habitat fragments. Large 
fragments are likely to be more heterogeneous than small fragments; they contain a greater variety of soil types, greater 
topographic variation, and a greater number of habitat types. An integrated view of the spatial characteristics of habitat 
fragments and their ecological consequences improves our ability to predict the outcomes of, and to design, particular 
patterns of land conversion. 
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Landscape architecture and planning are disci- 
plines focused on landscape change. Ecological con- 
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cepts and principles have long been considered in 
landscape architectural design and planning, from 
Olmsted’s Emerald Necklace in Boston to The 
Woodlands New Town near Houston, Texas (Lewis, 
1969; McHarg, 1969; McHarg and Sutton, 1975; 
Lyle, 1985; Zube, 1986). Landscape architects and 
planners have recently begun to incorporate the prin- 
ciples of landscape ecology into design and planning 
proposals for a variety of landscape interventions 
aimed at preserving and enhancing biological diver- 
sity, minimizing soil erosion and sedimentation, and 
reducing exotic species invasions (Kreiger, 1991; 
Thome et al., 1991; Knaapen et al., 1992; Federow- 
ick, 1993; Sauer, 1993; Post, 1994; Rodiek and 
DelGuidice, 1994; Carr et al., 1994; Yahner et al., 
1995). 

Recent contributions of landscape ecological stud- 
ies are particularly relevant to current theory and 
practice of landscape architecture and planning. The 
goal of such ecological studies is to understand the 
implications of particular landscape spatial patterns, 
such as the size, shape and configuration of habitat 
remnants, for ecological processes (Forman and Go- 
dron, 1986; Turner, 1989; Gardner et al., 1993; 
Collinge, 1995; Forman, 1995; Hansson et al., 1995). 
The design professions are concerned with the spa- 
tial pattern or composition of particular forms or 
parts, and landscape architectural design and plan- 
ning focus on the spatial composition of the land- 
scape. Thus, spatial pattern in the landscape is the 
common denominator of landscape ecology and 
landscape architecture and planning. Ecologists are 
only beginning to appreciate the implications of 
landscape spatial structure for a variety of ecological 
processes, and the application of this knowledge to 
landscape architectural design and planning is still in 
its infancy. The integration of landscape ecological 
research with landscape architectural and planning 
practice provides a rich opportunity for understand- 
ing the implications of, and directing, future land- 
scape change. 

In the process of land conversion for human use, 
native ecosystems are transformed from prairie to 
agricultural field, from old-growth forest to clear-cut, 
and from coastal scrub to housing development. 
Land transformation may severely compromise the 
integrity of ecological systems through loss of native 
species, invasion of exotic species, pronounced soil 

Habitat Fragmentation 
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Fig. 1. Diagrammatic representation of the generalized process of 
habitat fragmentation. Dark areas refer to the original habitat type, 
light areas to transformed habitat. Over time, the original habitat 
type is reduced in area, and remnants of the original habitat type 
are isolated from one another. 

erosion, and decreased water quality (Harris, 1984; 
Forman and Godron, 1986; Wilcove et al., 1986; 
Hunter, 1990; Bierregaard et al., 1992). The rem- 
nants of native vegetation left after such modifica- 
tions are generally reduced in size and disconnected 
from adjacent, continuous habitat (Fig. 1). As a 
result, the populations of plants and animals which 
occur in these remnants also are subdivided and 
reduced, which may either exclude certain species 
immediately or increase their probability of extinc- 
tion (Wilcox, 1980; Wilcove et al., 1986; McNeely 
et al., 1990; Saunders et al., 1991). Ecologists, con- 
servationists, and land managers generally refer to 
these two components of land transformation, habitat 
loss and isolation, as ‘habitat fragmentation’. Habitat 
fragmentation has been called “the most serious 
threat to biological diversity and.. . the primary cause 
of the present extinction crisis” (Wilcox and Mur- 
phy, 1985, p. 884). 

In the Earth’s history, naturally occurring events 
such as glaciation, fires, floods, hurricanes, and vol- 
canic eruptions have frequently disrupted continuous 
expanses of native vegetation, resulting in the isola- 
tion and reduction of plant and animal populations. 
Habitat fragmentation is nothing new, in this sense. 
However, dramatic increases in global human popu- 
lation growth in this century have been accompanied 
by the intensification of commercial and residential 
development, agriculture, and deforestation (Whitney 
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and Somerlot, 1985; Harris and Scheck, 1991; Miller 
and Tangley, 1991; Groom and Schumaker, 1993). 
The proliferation of these human activities has rapidly 
accelerated the pace of land conversion, resulting in 
widespread changes in the spatial structure of native 
habitats. 

In its strictest sense, ‘fragmentation’ is the break- 
ing of a whole into smaller pieces (American Her- 
itage Dictionary, 1979; Zipperer, 1993; Forman, 
1995). Habitat ‘fragmentation’ may therefore not be 
the most appropriate description of the spatial pattern 
resulting from many processes of land transforma- 
tion, i.e. not all land-conversion processes necessar- 
ily involve a spatial pattern of fragmentation in this 
sense. For example, aerial photos of a forested land- 
scape taken 50 years apart which show two large 
forest patches followed by several small forest 
patches may represent an increase in habitat loss, a 
decrease, or no net change in area of forest habitat. 
Fragmentation may be considered as only one of at 
least five spatial processes of land transformation 
(Franklin and Forman, 1987; Hansen et al., 1992; 
Zipperer, 1993; Collinge, 199.5; Forman, 1995) all 
of which typically involve habitat loss and isolation. 
Because land conversion patterns differ in their spa- 
tial configuration, they may differ significantly in 
their impact on ecological processes as well (Frank- 
lin and Forman, 1987; Hansen et al., 1992; Li et al., 
1993; Collinge, 1995; For-man, 1995). 

How do spatial patterns of land transformation 
due to human activities vary? An expanse of native 
habitat may effectively shrink in size over time due 
to landscape change at its periphery, but remain as a 
single tract of habitat. Alternatively, the area of 
native habitat may be bisected initially, due to the 
construction of a road, for example, and then con- 
tinue to shrink as development converts native habi- 
tat along the road. The habitat may be divided 
initially into many pieces, as when agricultural culti- 
vation converts native prairie to crop fields. Those 
pieces will shrink as land conversion intensifies. 
Finally, land conversion may begin in the core of an 
expanse of native habitat and expand outward to the 
periphery, such that the habitat is perforated. Speci- 
fying these particular spatial characteristics of land 
transformation (Hansen et al., 1992; Zipperer, 1993; 
Collinge, 1995; Forman, 1995) and identifying the 
ecological consequences of such patterns, will greatly 

increase the precision with which we may under- 
stand, predict, and guide future changes to the land- 
scape. 

My major emphasis in this paper is to address the 
question: what are the consequences of habitat frag- 
mentation for ecological processes? Here I refer to 
habitat fragmentation in the sense that it is generally 
used in the ecological literature to describe habitat 
loss and isolation, while recognizing the importance 
of distinguishing specific spatial patterns of. land 
conversion (Forman, 1995; Forman and Collinge, 
1996; Collinge and Forman, in preparation). I focus 
first on the theoretical underpinnings of ecological 
research on habitat fragmentation, then review re- 
sults of ecological studies focused on the influences 
of fragment size, connectivity, shape, context, and 
heterogeneity on both abiotic and biotic processes. I 
examine recent research efforts to understand the 
ecological implications of particular habitat spatial 
configurations. Finally, I briefly review three recent 
landscape architecture and planning proposals and 
suggest ways in which the results of ecological 
studies may guide further decision-making in land- 
scape architecture and planning. 

Projected rates of continued human population 
growth will place increasing demands on natural 
resources and will continue to alter the spatial struc- 
ture of native habitats. Landscape architects and 
planners are uniquely positioned to incorporate this 
knowledge of the ecological consequences of land- 
scape spatial structure into creative landscape design 
and planning solutions. Proposals which include such 
information are likely to achieve great environmental 
benefit. 

2. Theory 

Ecologists have approached the study of habitat 
fragmentation for the past 25 years largely within the 
framework of two key theoretical developments in 
community and population ecology: the theory of 
island biogeography (MacArthur and Wilson, 1963, 
1967) and metapopulation dynamics (Levins, 1969). 
In the context of habitat fragmentation, the theory of 
island biogeography has guided study focused pri- 
marily on the influences of habitat fragment size and 



62 S.K. Collinge / Landscape and Urban Planning 36 (1996) 59-77 

isolation on species composition (Forman et al., 
1976; Picton, 1979; Newmark, 1986; Blake and Karr, 
1987; Bierregaard et al., 1992; Robinson et al., 
1992), while the metapopulation dynamics concept 
has focused attention on connectivity and inter- 
change between spatially distributed populations 
(Fahrig and Merriam, 1985; Lankester et al., 1991; 
Hanski et al., 199.5). 

The equilibrium theory of island biogeography 
was proposed to explain species composition of ani- 
mal communities on oceanic islands. In particular, 
this theory postulated that the size of an oceanic 
island and its distance from a continental source of 
colonizing species would determine the number of 
species present on the island. Islands close to a 
mainland would likely have higher immigration rates 
than more distant islands, while large islands would 
likely have lower extinction rates than small islands. 
Thus, large islands close to continents were predicted 
to have a higher number of species than small is- 
lands more distant from continents. The authors sug- 
gested that while this theory focused on species 
composition on oceanic islands, the predictions may 
be consistent for plant and animal communities in- 
habiting terrestrial ‘islands’ (MacArthur and Wilson, 
1967). This theory provides the conceptual founda- 
tion for much research in conservation biology; frag- 
ment size and distance from continuous habitat have 
repeatedly been considered in studies of habitat frag- 
mentation and in recommendations regarding nature 
reserve design (Diamond, 1975; Diamond and May, 
1976; Pickett and Thompson, 1978; Wright and 
Hubbell, 1983; Lynch, 1987; SoulC et al., 1988; 
Kruess and Tschamtke, 1994). 

Metapopulation theory was originally conceived 
(Levins, 1969) to describe and predict the population 
dynamics of species occupying naturally patchy 
habitats, such as mountaintops (Brown, 1971). A 
‘metapopulation’ is a set of spatially separated groups 
of conspecific individuals. In this model, local popu- 
lations of organisms undergo periodic colonization 
and extinction, while the metapopulation as a whole 
persists indefinitely. Ecologists have directly applied 
the understanding of the oscillations of such natu- 
rally transient populations to predicting the persis- 
tence of species which occur in human-induced habi- 
tat fragments (Harrison, 1994; Doak and Mills, 1994; 
Hanski et al., 1995). 

3. Spatial and ecological attributes of habitat 
fragments 

Numerous ecological studies have investigated the 
consequences of habitat fragmentation for plant and 
animal population persistence, community composi- 
tion, and ecosystem processes. For example, many 
studies relate the number of animal or plant species 
observed in fragments to some designated fragment 
characteristics, usually area, shape, degree of isola- 
tion, context, or some measure of habitat quality or 
heterogeneity. While each of these attributes plays an 
individual role in determining ecological function, 
they may also interact to influence ecological pro- 
cesses. Here I consider each of these fragment char- 
acteristics separately, recognizing that there are cor- 
relations among them. 

3.1. The ‘edge’ phenomenon 

Conversion of continuous habitat into disjunct 
habitat remnants usually increases the length of the 
border between fragments and their surrounding 
habitats. Particularly in forests, because of their dom- 
inant vertical structure, removal of vegetation from 
an area results in dramatic changes in the structural 
characteristics of the habitat (Murcia, 1995). Isolated 
forest remnants, which were once embedded in con- 
tinuous forest, are exposed to the altered physical 
environment of the adjacent cleared area. The amount 
of light reaching plants is obviously higher at the 
edge of a forest fragment than in the forest interior. 
Consequently, temperature increases and relative hu- 
midity decreases at the forest edge. Moreover, wind 
velocities are higher at the edge than in the interior 
of the forest (Harris, 1984). The changes in light, 
moisture, temperature, and wind, most pronounced at 
the fragment edge, may significantly alter the plant 
and animal communities which occur there. This 
‘edge effect’ may not only influence the environment 
at the edge of the fragment, but may permeate the 
habitat remnant for tens of meters (e.g. Ranney et al., 
1981; Harris, 1984; Lovejoy et al., 1986; Chen et al., 
1992). Additionally, the extent to which the edge 
experiences these environmental changes may be 
significantly influenced by the aspect or orientation 
of the edge (Wales, 1972; Ranney et al., 1981; 
Brothers and Spingarn, 1992; Brothers, 1993; Mat- 
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lack, 1993a; Young and Mitchell, 1993). In the 
Northern Hemisphere, south-facing edges are gener- 
ally warmer, drier and wider than north-facing edges; 
the opposite is true in the southern hemisphere 
(Young and Mitchell, 1993). Similarly, windward 
edges of forest patches tend to be warmer, drier and 
wider than leeward edges (Ranney et al., 1981). 

Research in temperate forests of North America 
has documented several microclimatic changes at 
forest edges. In deciduous forest patches of south- 
eastern Wisconsin, microenvironmental changes were 
estimated to extend at least 15 m from the forest 
edge to the interior (Ranney et al., 1981). Old-growth 
forest remnants studied in central Indiana exhibited 
significant increases in light levels and temperature, 
and a significant decrease in humidity at the forest/ 
field edge (Brothers and Spingam, 1992). These 
microclimatic differences ceased to exist beyond 8 m 
into the forest for these 8-23 ha forest fragments. 
Similarly, temperature and light decreased within 
relatively short distances in eastern deciduous forest 
fragments of Pennsylvania and Delaware (Matlack, 
1993a), but humidity and leaf litter moisture contin- 
ued to change 50 m into the forest interior. In 
Douglas fir forests of the Pacific Northwest, micro- 
climatic edge effects may extend as far as 240 m into 
the forest (Chen et al., 1990). 

Trees growing along the edge of a forest fragment 
may be exposed to greater wind velocities than those 
occurring in forest interior. For example, in the 
Douglas fir forests of the Pacific Northwest, higher 
wind velocities were recorded from the forest edge 
to 60 m into the forest interior (Fritschen, 197 1; cited 
in Harris, 1984; Chen et al., 1992). Increased wind 
velocities at the forest edge may result in increased 
incidence of mortality due to treefall, especially for 
shallow-rooted tropical trees. In an isolated IO-ha 
forest patch in Brazil, the overwhelming majority of 
tree mortality along the margins was on the wind- 
ward margin of the patch (Lovejoy et al., 1984; 
Bierregaard et al., 1992); annual tree mortality rates 
were estimated to be 2.6% in isolated patches versus 
1.5% for continuous forest. 

Associated with the changes in light, temperature, 
moisture and wind conditions at forest edges are 
changes in the structure and composition of the 
existing plant communities. For example, in the de- 
ciduous forest patches of southeastern Wisconsin 

studied by Ranney et al. (19811, forest edges typi- 
cally contained more pioneer and xeric plant species 
than the interior, higher densities of shrubs and 
herbaceous groundlayer vegetation for several meters 
into the forest, and higher species richness than the 
interior. Higher species richness in forest edges may 
often be due to the invasion of exotic plant species 
(Brothers and Spingam, 1992). Edge orientation also 
influenced species composition: south- and west-fac- 
ing edges contained more xeric plant species than 
did north- and east-facing edges (Wales, 1972; Ran- 
ney et al., 19811, due to variation in light and 
moisture conditions. These authors further suggested 
that the composition of these forest patches may 
eventually change as a result of increased seed dis- 
persal from the edge to the interior, with shade-in- 
tolerant edge species (e.g. hickory, Curyu sp., and 
hawthorn, Crutuegus sp.) replacing shade-tolerant 
plants of the interior (e.g. sugar maple, Acer succhu- 
rum, and American beech, Fugus grundifoliu) (Ran- 
ney et al., 1981). 

In addition to environmental changes, forest edges 
in suburban areas experience altered conditions due 
to human activity. For example, suburban residents 
may dump grass clippings, Christmas trees, or build- 
ing rubble in nearby forest remnants, or they may 
gather firewood, prune limbs, or build treehouses in 
these habitats (Matlack, 1993b). In a northern 
Delaware suburban landscape, 95% of these human 
activities occurred within 82 m of the forest edge 
(Matlack, 1993bJ Thus, changes in forest conditions 
due to human activities may permeate the forest 
interior as far or further than microclimatic changes. 
The influence of a suburban development on adja- 
cent, native habitat may be visually subtle but may 
extend far beyond property line boundaries, and such 
significant influences must be an important consider- 
ation in the design and planning of suburban devel- 
opments in continuous, native habitat. 

3.2. Fragment size/urea 

The size of a particular habitat fragment markedly 
influences the ecological processes occurring therein, 
partly due to the changes induced by the creation of 
habitat edges discussed above. Because edge effects 
in a particular habitat permeate a constant distance 
from the border to the center of a habitat fragment, 
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Fragment size 

100 Hcc~ares 
19% edge 

8 I % interior 

Fig. 2. Relationship between habitat fragment size and edge 
effects. As fragment size increases, the relative proportion of edge 
habitat decreases, and interior habitat increases. Edge width is 
assumed to be 50 m. Light areas are edge habitat, dark areas are 
interior habitat. 

smaller fragments will contain a higher proportion of 
edge habitat than will larger fragments (e.g. Forman 
and Godron, 1986; Soul& 1991; Chen et al., 1992; 
Groom and Schumaker, 1993). For example, if al- 
tered edge conditions extend 50 m into a deciduous 
forest habitat, then a deciduous forest remnant of 1 
ha will be entirely edge habitat (lOO%> and will have 
no interior habitat conditions, a IO-ha fragment will 
have 5.3 ha of edge (53%) and 4.7 ha of interior 
(47%), while a forest remnant of 100 ha will have 19 
ha of edge (19%) and 81 ha of interior habitat (81%) 
(Fig. 2). 

Ecological investigations relating habitat fragment 
size to the number of plant and/or animal species 
occurring in fragments are common. Most well- 
studied are the birds of temperate and tropical forests. 
In general, the research demonstrates that the number 
of bird species remaining within isolated forest frag- 
ments decreases as fragment area decreases (Forman 
et al., 1976; Whitcomb et al., 1981; Lovejoy et al., 
1984, 1986; Vemer et al., 1986; Lynch, 1987; Blake 
and Karr, 1987; Freemark, 1990; Blake, 1991; New- 
mark, 199 1; Opdam, 199 1 ), with the commonly noted 
interpretation that the probability of local extinction 
increases as fragment size decreases. For example, a 
study of grassland bird communities showed that 
approximately 79% of the grassland bird species 

were present in a 1000 ha grassland fragment, while 
only 3 1% of the bird species occurred in IO-ha 
grassland fragments (Herkert, 1994). This habitat 
fragment species-area pattern has been documented 
in other habitats, as well, for mammals (Picton, 
1979; Newmark, 1986; Vemer et al., 1986; Bennett, 
1990; Verboom and Van Apeldoom, 1990; Cutler, 
1991; Bierregaard et al., 1992), insects (Webb and 
Hopki!s, 1984; Powell and Powell, 1987; Klein, 
1989; As, 19931, amphibians (Dodd, 1990; Laan and 
Verboom, 19901, and herbaceous plants (Simberloff 
and Gotelli, 1984; Webb and Vermaat, 1990). These 
results are consistent with patterns predicted from 
island biogeographic theory relating island size to 
species richness (MacArthur and Wilson, 1967). 

Some species are more tolerant of reductions in 
habitat fragment size than others, however, based on 
particular life history attributes (Terborgh, 1986; 
Lovejoy et al., 1986; Laurance, 1991; Webb and 
Thomas, 1994). For example, primate species with 
especially large home ranges disappeared from lo- 
and lOO-ha isolated tropical forest reserves, while 
species with smaller home ranges persisted on the 
lOO-ha, but not the lo-ha reserves (Lovejoy et al., 
1986). Insects with poor dispersal abilities persisted 
in large heathland fragments compared with small 
fragments (Hopkins and Webb, 1984), presumably 
because small fragments were insufficient to main- 
tain viable populations and these insects were unable 
to disperse to more suitable habitat. Rare species, 
which tend to be more specialized in their feeding 
habits than common species, have been shown to be 
particularly sensitive to decreases in habitat fragment 
size (Terborgh and Winter, 1980; Laurance, 1990, 
1991). Clonal plant species, which reproduce primar- 
ily by vegetative growth and therefore move gradu- 
ally across the landscape, were more likely to persist 
in large, old-field fragments than in smaller frag- 
ments, where colonization was limited by habitat 
disruption (Robinson et al., 1992). 

The decline in species richness in small habitat 
remnants results from decreases in population sizes 
of particular species, and eventually, local extinction 
of those populations (e.g. Gilpin and Soul& 1986; 
Soul& 1987; Pomeluzi et al., 1993; Remmert, 1994; 
Kindvall, 1996). Populations decline due to direct 
effects of habitat loss, or to indirect effects, for 
example, modified interspecific interactions associ- 
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ated with habitat isolation and edge effects. In- 
creased incidence of avian nest predation and brood 
parasitism in small forest remnants has caused de- 
cline of songbird populations (Brittingham and Tem- 
ple, 1983; Wilcove, 1985; Gibbs and Faaborg, 19901, 
and parasitism by arthropods may increase substan- 
tially in fragmented habitats to threaten the persis- 
tence of certain bird populations (Loye and Carroll, 
1995). Fragmentation may lower the searching effi- 
ciency of predators, leading to prey insect outbreaks 
(Kareiva, 1987). Finally, lower rates of pollinator 
visitation in fragmented habitats has resulted in de- 
creased seed production in certain plant species 
(Powell and Powell, 1987; Jennersten, 1988; Aizen 
and Feinsinger, 1994). 

3.3. Fragment connectivity 

Landscape connections play an important role in 
ecological dynamics within and between habitats 
(Forman and Godron, 1986; Bennett, 1990; Saunders 
and Hobbs, 1991; Taylor et al., 1993). The preserva- 
tion of vegetated corridors among otherwise isolated 
habitat remnants (Fig. 3) is predicted to moderate the 
negative effects of habitat fragmentation by main- 
taining landscape connectivity (Diamond, 1975; For- 
man and Godron, 1981; Noss, 1987; Harris and 
&heck, 1991; Lindenmayer and Nix, 1993; Linden- 
mayer, 1994). In the context of ecological studies of 
habitat fragmentation, the term ‘corridor’ generally 
refers to a linear landscape element composed of 
native vegetation which links patches of similar, 
native vegetation (Forman and Godron, 1986; Ben- 
nett, 1990; Harris and Scheck, 1991). 

The integrity of riparian corridors, in particular, is 
of critical importance in preventing soil erosion and 
maintaining high water quality (Johnson, 1989; Ben- 
nett, 1990; Binford and Buchenau, 1993; Naiman et 
al., 1993). It is well documented that vegetation in 
riparian zones provides bank stability and water flow 
control, regulates light and temperature character- 
istics of the adjacent water bodies, and provides 
habitat for aquatic life in the form of coarse and fine 
woody debris (Binford and Buchenau, 1993; Naiman 
et al., 1993). 

Vegetated corridors are predicted to facilitate the 
movement of plants and animals among habitat frag- 
ments, which may allow more species to exist and/or 

Fragment connectivity 

~ ISOLATED ??
....... ..................... .................... ......... 
Habrku fragment 

HabItat fragment Habitat fragment 

Fig. 3. Diagrammatic representation of two isolated habitat frag- 
ments contrasted with two habitat fragments connected by a 
vegetated corridor, showing edge effects of fragments and corri- 
dor. Light areas arc edge habitat, dark areas are interior habitat. 

populations to persist longer than would be expected 
based solely on fragment size (Wegner and Merriam, 
1979; Bennett, 1990; Henein and Merriam, 1990). 
For example, computer simulations have suggested 
that populations of the white-footed mouse, Per- 
omyscus leucopus, have higher growth rates and thus 
lower probabilities of local extinction in woodlots 
connected by fencerows than in isolated woodlots 
(Fahrig et al., 1983; Fahrig and Merriam, 1985). A 
recent experimental field study in an agricultural 
landscape showed that vole dispersal was greater 
between old-field fragments connected by vegetated 
corridors than in completely isolated fragments (La 
Polla and Barrett, 1993). 

Animal use of corridors may vary depending upon 
their foraging patterns, body size, home range size, 
degree of dietary specialization, mobility and social 
behavior (Harrison, 1992; Lindenmayer and Nix, 
1993). Interestingly, Lindenmayer and Nix (1993) 
noted that linear remnants of montane forest har- 
bored several species of large, arboreal marsupials, 
while smaller species were absent. These authors 
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suggested that species occurrence in these corridors 
was largely determined by foraging behavior and 
social behavior rather than body size. The large 
animals foraged singly and fed on readily available 
leaves, while the smaller species foraged in social 
groups and fed on more widely dispersed arthropods. 

The perception and use of corridors by animals 
may also differ according to the physical dimensions 
and landscape context of the corridor (Lindenmayer 
and Nix, 1993; Harrison, 1994, Ims, 1995). For 
interior habitat specialists, the typically long, narrow 
dimensions of a corridor may be perceived as largely 
edge habitat and avoided (Fig. 3). For example, in a 
study of the role of linear strips of Australian tropi- 
cal rain forest in promoting animal dispersal (Hill, 
19951, individuals of two of the four forest interior 
species, a butterfly and a beetle, were observed in 
the rain forest corridor but not in the adjacent culti- 
vated land. This suggests that dispersal for these two 
species may be enhanced by the presence of the 
corridor. However, two other forest interior species 
were not observed in the rain forest corridor, sug- 
gesting that its physical dimensions or habitat char- 
acteristics were insufficient to facilitate dispersal. 
Hence, the suitability of corridors as habitat and 
possible dispersal routes will vary among species. 

Moreover, how such movements via vegetated 
corridors might translate into population persistence 
and community composition of native habitats is not 
well understood (Hunter, 1990; Lindenmayer and 
Nix, 1993). The existence of vegetated corridors 
between otherwise isolated habitat fragments may 
modify patterns of species richness and composition 
by increasing the effective size of the fragments. 
Thus, connected remnants would be predicted to 
maintain the attributes of continuous habitat, and 
support a greater biological diversity than completely 
isolated remnants (Noss, 1987; Bennett, 1990; Saun- 
ders and Hobbs, 1991). For example, the presence of 
unmown grassland corridors connecting grassland 
fragments lowered the probability of species loss for 
some insect species, but only for fragments of an 
intermediate size (Collinge, 19951. Moreover, the 
grassland corridors appeared to enhance the rate of 
recolonization of otherwise-isolated fragments by 
some species, but not others (Collinge, 1995). More 
information is needed regarding the efficacy of vege- 
tated corridors in reducing the probability of species 

loss in habitat fragments, as well as in enhancing the 
probability of recolonization of those fragments in 
the event of a local extinction (Brown and Kodric- 
Brown, 1977). 

Animal movement across continuous habitat is 
often disrupted by the presence of roads (Harris and 
Gallagher, 1989; Brocke et al., 1990; Schonewald- 
Cox and Buechner, 1992; Beier, 1993; Foster and 
Humphrey, 1995). For example, the density of black 
bears in the Adirondack mountains decreased IO-fold 
with a IO-fold increase in road density, due both to 
hunter access and to road kills (Brocke et al., 1990). 
Losses of road-sensitive species may be mitigated by 
road closures (Brocke et al., 19901, or by the imple- 
mentation of highway underpasses or overpasses 
(Harris and Scheck, 1991; Foster and Humphrey, 
1995). Highway underpasses appear to be particu- 
larly effective in facilitating the movement of pan- 
thers across southern Florida, as long as underpasses 
and associated fences are designed and maintained 
properly (Foster and Humphrey, 1995). The likeli- 
hood of animal use of highway underpasses or over- 
passes will depend heavily on effective designs which 
incorporate an in-depth understanding of behavior 
and dispersal characteristics of the target animal 
species (Lima and Zollner, 19961, as well as the 
quality and quantity of suitable habitat on either side 
of the structure. 

3.4. Fragment shape 

As described for fragment size above, the geomet- 
ric shape of a discrete habitat fragment influences 
the extent to which edge effects permeate the habitat 
interior (Diamond, 1975; Game, 1980; Forman and 
Godron, 1986; Schonewald-Cox and Bayless, 1986). 
Size and shape thus interact to influence the amount 
of interior area remaining in a particular habitat 
fragment. Shape can be described most simply by 
calculation of the perimeter/area ratio of a habitat 
fragment (Groom and Schumaker, 1993). For exam- 
ple, a square, loo-ha habitat fragment will have a 
lower perimeter/area ratio and a greater proportion 
of interior conditions than will a rectangular frag- 
ment of equal area (Fig. 4) and would seem to be 
preferable in maintaining pre-isolation conditions for 
native species which require interior habitat condi- 
tions (Diamond, 1975; Forman and Godron, 198 1, 
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Fig. 4. Relationship between habitat fragment shape and edge 
effects. A square habitat fragment maintains a greater proportion 
of interior habitat than does a rectangular fragment of equal area. 
Edge width is assumed to be 50 m. Light areas are edge habitat, 
dark areas are interior habitat. 

1986; Schonewald-Cox and Bayless, 1986; Soul& 
1991). Interestingly, most areas reserved for nature 
protection in the United States have relatively high 
perimeter/area ratios, suggesting vulnerability to the 
negative consequences of edges (Schonewald-Cox 
and Bayless, 1986). 

Because of the responses of the plant and animal 
communities induced by abiotic changes at forest 
edges, Harris (1984) estimated that a stand of old- 
growth Douglas fir forest would have to be 11 ha, 
and circular, in order to contain a single point where 
forest interior conditions existed. Furthermore, a sim- 
ilarly shaped, 80-ha old-growth stand would have 
only 25% of its area represented by forest interior 
conditions, and an isolated, circular forest remnant 
would have to be 2850 ha in order to have 90% of its 
area represented by forest interior conditions (Harris, 

1984). The size and shape of a habitat remnant must 
therefore be considered when estimating the area of 
interior habitat available for those plant and animal 
species which thrive only in continuous habitat and 
are absent from edges (Forman et al., 1976; Harris, 
1984; Soul& 1991). 

The perimeter/area ratio can also provide clues 
as to the degree of interaction of the fragment with 
the surrounding habitat matrix, e.g. the probability 
that nutrients, seeds, or animals will encounter a 
particular fragment and cross the boundary (Game, 
1980; Forman and Godron, 1986; Stamps et al., 
1987; Buechner, 1989). For example, migrating birds 
encountered and built nests in riparian forest frag- 
ments which were elliptical and which were oriented 
perpendicular to their northerly migration route more 
frequently than in other suitable fragments which 
were oriented parallel to their migration path 
(Gutzwiller and Anderson, 1992). Provided that the 
size of a fragment is sufficiently large to maintain 
interior habitat conditions, design of the particular 
shape and orientation may be used as a tool to 
enhance species richness and persistence (Gutzwiller 
and Anderson, 1992). 

Human activity tends to linearize boundaries be- 
tween habitats and simplify the complex shapes of 
habitat fragments (Forman and Godron, 1986; 
O’Neill et al., 1988; Rex and Malanson, 1990). Our 
empirical understanding of the ecological conse- 
quences of such simplification is minimal (Rex and 
Malanson, 1990; Hansen and di Castri, 1992). How- 
ever, recent ecological studies suggest that the lin- 
earization of boundaries between habitats may signif- 
icantly influence the flow of organisms between 
those habitats. Convoluted boundaries between de- 
ciduous forest and strip mines enhanced woody plant 
colonization of the reclaimed strip mines (Hardt and 
Forman, 1989). Similarly, in the pinyon- 
juniper/sagebrush-grassland habitat of northern 
New Mexico, deer and elk crossed curvilinear habitat 
boundaries more frequently than straight boundaries 
(Forman et al., in preparation). 

3.5. Fragment context 

The context in which a remnant of native habitat 
is situated will undoubtedly influence the degree and 
type of interaction between the fragment and the 
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surrounding landscape (Beissinger and Osborne, 
1982; Wilcove, 1985; Freemark, 1987; Ambrose and 
Bratton, 1990; Lindenmayer and Nix, 1993; Aberg et 
al., 1995). The assertion of Janzen (1983) that “no 
park is an island” emphasized the influence of sur- 
rounding habitat types and human activities on the 
ecological integrity of areas reserved for conserva- 
tion. The type, intensity, and degree of dissimilarity 
of habitat types, land uses and human activities 
adjacent to habitat fragments may markedly influ- 
ence the flow of nutrients and materials, and the 
persistence of plant and animal species in the frag- 
ments (Forman and Godron, 1986; Stamps et al., 
1987; Buechner, 1989). For example, hazel grouse in 
Swedish forest fragments dispersed over much greater 
distances when the surrounding matrix was forested 
habitat than when it was open fields (Aberg et al., 
1995). The relative importance of these adjacent land 
uses on ecological processes will depend upon other 
spatial characteristics discussed above, such as frag- 
ment size and shape (Janzen, 1983). 

The boundary between a habitat fragment and its 
surrounding matrix may be relatively impervious, 
with a low tendency for the exchange of materials 
and organisms between the remnant and the matrix. 
Alternatively, the boundary may be highly porous, in 
which case there are frequent and abundant boundary 
crossings (Wiens et al., 1985; Stamps et al., 1987; 
Buechner, 1989; Wiens, 1992; Hansen and di Castri, 
1992). Boundary permeability and the perimeter/area 
ratio may both influence the rate and extent of flows 
across the boundary. For example, computer simula- 
tions of animal dispersal across habitat boundaries 
suggested that for a relatively impassable boundary, 
the rate of flow across the boundary would be most 
significantly limited by its permeability. However, 
for a highly permeable boundary, the models pre- 
dicted that the rate of flow across the boundary 
would be more strongly influenced by the perime- 
ter/area ratio (Stamps et al., 1987). 

The supply and flow of nutrients, materials, and 
energy within habitat fragments, as well as between 
fragments and the surrounding landscape, will likely 
differ depending on the adjacent land use or activity. 
For example, a forest fragment adjacent to an active 
strip mine will probably experience a different set 
and intensity of impacts from one adjacent to a 
residential neighborhood (Matlack, 1993b). In an 

urban-suburban-rural gradient in central New York 
state, air temperatures increased within deciduous 
forest fragments in urban settings, e.g. in Central 
Park, relative to forests in suburban or rural areas 
(McDonnell et al., 1993). The authors documented 
poorer air quality in urban compared with rural 
forests, and urban forest soils harbored higher levels 
of lead, copper, and nickel than did similar soils in 
rural sites (McDonnell et al., 1993). 

The unique contributions of varied, adjacent land 
uses is perhaps best understood for aquatic ecosys- 
tems, particularly lakes and streams (Likens et al., 
1970; Peterjohn and Correll, 1984; Pringle, 1991; 
Binford and Buchenau, 1993). For example, the rela- 
tive inputs of nitrogen and phosphorus to a stream 
has been shown to vary according to the relative 
proportion of cultivated cropland versus riparian 
vegetation adjacent to the stream (Peterjohn and 
Correll, 1984). Some investigators are currently fo- 
cusing on how the specific spatial configuration of 
land uses influences and modifies these flows and 
inputs to adjacent water bodies (M. Binford, 1994, 
personal communication). In the midwestem United 
States, planted riparian buffer strips composed of 
herbaceous and woody species have effectively re- 
duced the input of agricultural pollutants from crop 
fields into adjacent streams (Colletti et al., 1995). 

Adjacent habitat types, land management regimes, 
and intensity of human activities may influence plant 
and animal species persistence in habitat fragments 
as well (Harris, 1984; Wilcove, 1985; Foppen and 
Reijnen, 1994). In the urban to rural forest transect 
described above, soil invertebrates, which are crucial 
recyclers of nutrients in forest ecosystems, occurred 
in fewer numbers in the leaf litter of urban forests 
than in the suburban and rural forests sampled (Mc- 
Donnell et al., 1993). Bird species composition within 
isolated tropical rain forest fragments in Brazil var- 
ied according to the treatment of adjacent cleared 
forest (Stouffer and Bierregaard, 1995). Cecropia 
trees primarily colonized cleared land which was 
abandoned after cutting, while forest areas which 
were burned following clearing were colonized by a 
different tree species, Vismiu. Interestingly, bird 
species composition of the intact rain forest remnants 
was determined primarily by the type of secondary 
growth surrounding the fragments, rather than by 
fragment size (Stouffer and Bierregaard, 1995). 
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3.4. Fragment heterogeneity 

A factor shown to be partially responsible for the 
relationships found between species composition and 
fragment spatial characteristics is the degree of habi- 
tat heterogeneity within isolated fragments. Large 
fragments are more likely to contain a greater variety 
of soil types, greater topographic variation, greater 
microclimatic variation, and a greater number of 
habitat types than small fragments (Pickett and 
Thompson, 1978; Picton, 1979; Boecklen, 1986). 
Fragments of approximately equal size which are 
relatively heterogeneous tend to support a greater 
number and variety of species than those which are 
more homogeneous (Picton, 1979; Simberloff and 
Gotelli, 1984; Boecklen, 1986; Newmark, 1986; 
Freemark and Merriam, 1986; MacDonald and John- 
son, 1995; Maehr and Cox, 1995). 

Populations of plants or animals in heterogeneous 
habitat fragments may be less susceptible to local 
extinction than those living in more homogeneous 
habitats (Den Boer, 1981; Kindvall, 1996). For ex- 
ample, populations of bush crickets in Sweden were 
more likely to persist if they occurred in an area 
which contained several vegetation types than in an 
area which contained only a single or small number 
of vegetation types (Kindvall, 1996). This result was 
largely due to the existence of greater microclimatic 
variation in the more heterogeneous habitats, which 
allowed some individuals to persist even under se- 
vere weather conditions. In contrast, areas with little 
vegetational diversity also exhibited little microcli- 
matic variation; thus in severe weather, these cricket 
populations went extinct. This result suggests that 
maintenance or restoration of a high diversity of 
vegetation types within habitat remnants may be 
integral to long term population persistence. 

An analysis of temperate zone, forest birds 
demonstrated that the structural diversity of forest 
vegetation significantly influenced bird species com- 
position, in addition to forest fragment size (Boeck- 
len, 1986). Habitat heterogeneity may be more sig- 
nificant for certain species than others. For example, 
diversity of plant species and forest vertical structure 
was most closely linked with the distribution of 
forest edge bird species in an agricultural landscape, 
and was secondarily important to forest interior 
species (Freemark, 1990). Species richness of mam- 

mals in western North American national parks is 
strongly influenced by environmental heterogeneity, 
as well as park size (Newmark, 1986). 

4. Spatial sequences of land transformation 

Spatial and ecological characteristics of habitat 
fragments interact to influence abiotic processes and 
biotic processes within and between fragments in 
many types of landscapes. An integrated view of 
these spatial characteristics and their ecological con- 
sequences improves our ability to predict the out- 
comes of particular spatial patterns of land conver- 
sion (Franklin and Forman, 1987; Harris and Silva- 
Lopez, 1992; Hansen et al., 1992; Zipperer, 1993; 
Collinge, 1995; Forman, 1995) and to determine 
which patterns will likely be most favorable in main- 
taining ecological processes over the long term. Re- 
cent ecological modeling efforts in the context of 
forestry practices have investigated the consequences 
of fragment spatial characteristics on ecological pro- 
cesses, and provide clues for minimizing the nega- 
tive effects of habitat fragmentation in future land 
conversion scenarios (Franklin and Forman, 1987; 
Hansen et al., 1992; Li et al., 1993; Spies et al., 
1994; Wallin et al., 1994). 

Franklin and Forman (1987) determined the geo- 
metric properties of clear-cut harvests of Douglas fir 
forests on federal lands in the Pacific Northwest, and 
predicted the ecological consequences of such a spa- 
tial distribution. The pattern of relatively small, dis- 
persed clear-cuts drastically changed the spatial 
structure of these forested landscapes. In particular, 
dispersed cutting decreased the size of intact forest 
patches, increased the amount of edge habitat in 
these forests, and increased susceptibility of intact 
forest patches to wind-throw, fires, and pest out- 
breaks. Based on these changes in the spatial charac- 
teristics, the authors predicted that the richness of 
old-growth interior species would continue to decline 
in these forests if this pattern of cutting persisted 
(Franklin and Forman, 1987). Hence, they proposed 
alternative cutting regimes which would minimize 
these negative effects of forest fragmentation on 
plant and animal species composition. 

Their proposed alternatives were modified slightly 
and recently evaluated quantitatively through com- 
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puter simulation (Li et al., 1993); the results were 
consistent with the predicted outcomes. The ‘eco- 
logically optimum’ spatial pattern appears to involve 
aggregation of larger, clear-cut patches, which re- 
sults in the least amount of forest fragmentation 
(Franklin and Forman, 1987; Li et al., 1993). While 
these results demonstrate the advantages of such an 
approach in the context of timber harvest practices, 
the emphasis on particular spatial patterns of land 
conversion which minimize habitat reduction and 
isolation is applicable to other types of land conver- 
sion, including development of roads, housing and 
agriculture, in many kinds of landscapes. 

5. Importance to landscape architecture and plan- 
ning 

Incorporation of an understanding of the ecologi- 
cal consequences of particular fragment spatial char- 
acteristics increases the environmental benefit of 
landscape architecture and planning proposals. Land- 
scape architects and planners are increasingly in- 
volved in projects explicitly aimed at using the prin- 
ciples of landscape ecology to preserve, restore and 
enhance biological diversity. For example, the 
restoration of three major wooded areas in New 
York’s Central Park proposed by Andropogon Asso- 
ciates (Rogers, 1987; Cramer, 1993; Sauer, 1993) 
focused on maintaining large, intact forest patches 
within currently wooded areas of the park, connect- 
ing these patches to enhance movement of birds and 
mammals, and reducing exotic plant invasion and 
sedimentation caused by disturbed forest edges. To 
address these issues, Andropogon Associates devised 
a habitat corridor network for the park which in- 
cluded a continuous, 32 m (100 ft.) wide, wooded 
corridor connecting the three woodland areas, a 32 m 
(100 ft.) margin on woodland areas to ameliorate 
edge effects, and a 32 m (100 ft.) wide habitat 
corridor all along the park perimeter. 

Although the Central Park habitat corridor scheme 
may seem an unlikely solution for a park in the 
midst of such an intensely urbanized area, the sec- 
ond-growth woods of the park are approximately 150 
years old, and provide important food resources and 
a rest-stop for many species of migratory birds 
(Rogers, 1987). Bird species observed in Central 

Park include the ovenbird and the woodthrush 
(Knowler, 19841, both of which are considered to 
require interior forest habitat for successful breeding 
(Gibbs and Faaborg, 1990; Pomeluzi et al., 1993). 

Recent ecological field research demonstrates that 
species loss and recolonization may be affected by 
vegetated corridors (see references above), but that 
the benefit of corridors may depend upon fragment 
size (Collinge, 1995). The potential implication for 
Central Park’s woodlands is that the proposed habitat 
corridor network may be very effective in enhancing 
species persistence of the intermediate-sized forest 
fragment (The Ramble), but may be less effective in 
enhancing habitat values of the relatively small, 4- 
acre Hallett Nature Sanctuary (Sauer, 1993). Because 
there may be differences among species in their 
response to fragment size and connectivity, it would 
be revealing to evaluate the effectiveness of the 
corridor network scheme for the movement and 
maintenance of specific animal populations and com- 
munities within Central Park as the restoration pro- 
ject proceeds. 

A recent proposal for the new town of Avalon 
Park, Florida, similarly addressed issues of habitat 
fragment size and connectivity. The proposal in- 
cluded residential and commercial development for 
25000 inhabitants adjacent to the Econlockahatchee 
River and associated wetlands near Orlando (Dunlop, 
1990, 1992; Kreiger, 1991; Post, 1994). The town 
planners, DPZ Associates, considered the importance 
of habitat area and connectivity in their proposal, 
which included continuous greenbelts between the 
small villages located along the river. The center- 
piece of the scheme was the Econ River preservation 
area, which included the river and its associated 
wetlands, and addressed concerns by local citizens 
regarding the potentially negative impacts of the 
proposed development on water quality and biologi- 
cal diversity. 

Close examination of the proposed scheme re- 
vealed that the roadless portion of the Econ River 
preservation zone was approximately 254 ha. If resi- 
dential development induces changes at the edges of 
this habitat, such as increased nest predation or shifts 
in microclimatic conditions, which are conserva- 
tively assumed to extend 50 m (suburban edge ef- 
fects may extend as far as 80 m; Matlack, 1993b), 
then the total amount of interior area is reduced to 
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223 ha. Particularly in the urban/suburban context 
of the greater Orlando area, it is doubtful that this 
area would represent a preservation area in terms of 
maintaining source populations of animals over the 
long term. 

The Avalon Park proposal assertively addressed 
the importance of maintaining large, connected frag- 
ments, but would be improved by considering explic- 
itly the ways in which edge effects reduce effective 
patch size. Fragment size may exert a much greater 
influence on species richness than fragment connec- 
tivity. Thus, effort devoted to maintaining the in- 
tegrity of large patches of native habitat should take 
precedence over connecting smaller habitat patches. 
Moreover, consideration of the context in which this 
remnant habitat will be situated might have revealed 
an opportunity for linkages with existing large, unde- 
veloped areas of native vegetation in this region of 
central Florida. 

Recently, a group of landscape architects at the 
University of Florida (Cat-r et al., 1994) identified 
areas with the highest potential to form a continuous 
biological corridor through the Central American 
isthmus, in order to benefit the region’s biodiversity, 
reduce soil erosion, improve water quality and quan- 
tity, and reduce flooding. Existing protected areas in 
the region were categorized according to their size, 
degree of protection, extent of intact forest, and 
human population densities (Carr et al., 1994). Large 
areas with a high proportion of intact forest were 
considered particularly suitable as the basis for the 
chain of preservation areas. Based on these charac- 
teristics, the proposal recommended the Caribbean 
coast as the best hope for a continuous corridor 
through the region. This project creatively incorpo- 
rated the spatial characteristics of habitat fragment 
size, connectivity, and the particular spatial context 
(i.e. proximity to areas of high human population 
densities) of potential protected areas. 

The assumption that the Central American Corri- 
dor will maintain biological diversity by allowing 
movement among protected areas should next be 
verified by characterizing individual movement pat- 
terns of particularly important animal species. Vege- 
tated corridors may provide habitat and facilitate 
movement of some animal species, but individual 
movement pathways do not always follow vegetated 
corridors. Moreover, corridors may modify patterns 

of species loss and recolonization for particular 
species, but not for others. For example, rare species 
recolonized grassland fragments slowly, regardless 
of whether or not a corridor was present (Collinge, 
1995). The implication is that not all species will be 
equally affected by the presence of a corridor which 
links suitable areas of native habitat. 

6. Conclusion 

Ecologists are increasingly able to understand and 
predict the consequences of human-induced loss and 
isolation of native habitats due to the concepts of 
island biogeography and metapopulation dynamics, 
combined with empirical field studies in fragmented 
habitats. The primary ecological consequences of 
habitat fragmentation are (1) loss of native plant and 
animal species, (2) invasion of exotic species, (3) 
increased soil erosion, and (4) decreased water qual- 
ity. The magnitude and extent of these alterations 
induced by landscape change are influenced by the 
size, connectivity, shape, context, and heterogeneity 
of habitat fragments. Moreover, the particular spatial 
arrangement of habitat fragments may strongly influ- 
ence ecological phenomena. 

It is widely accepted that edge effects induced by 
human activities are negative. Newly created edges 
cause significant reductions in native plant and ani- 
mal populations, alteration of community composi- 
tion, and changes in ecosystem processes, and should 
thus be minimized in landscape interventions. Eco- 
logical evidence clearly shows that fragment size or 
area largely determines the extent to which a habitat 
remnant resembles continuous habitat. When possi- 
ble, conservation or restoration of large expanses of 
native habitat is always desirable. The maintenance 
of riparian vegetation along streams and rivers is 
critically important to prevent soil erosion, maintain 
high water quality and provide habitat for riparian 
specialists. Corridors of native vegetation which link 
remnants of similar vegetation may provide habitat 
and facilitate movement of plants and animals. Corri- 
dors should be viewed as one of a suite of strategies 
in planning projects aimed at habitat conservation or 
restoration, because some species will not be af- 
fected by the presence of corridors. Both the shape 
and size of habitat fragments determine the degree of 
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interaction of the fragment with the surrounding 
habitat matrix. When possible, shape and/or orienta- 
tion of conserved or restored habitat fragments may 
be readily manipulated to promote certain ecological 
processes. Because the context in which a remnant of 
native habitat is situated significantly influences in- 
teractions with the adjacent landscape, it must be an 
important consideration in landscape architecture and 
planning proposals. The degree of heterogeneity of a 
habitat fragment influences species richness and the 
likelihood of population persistence. Conservation or 
restoration of highly heterogeneous habitats is 
preferable to those which are more homogeneous. 
Processes of land conversion vary spatially; those 
which maintain large, connected patches of native 
vegetation with minimal edge will likely be more 
effective in protecting and preserving native species 
than those which produce small, widely scattered 
habitat patches. 

Ecological investigations continue to focus on 
relationships between the spatial structure of the 
landscape and ecological processes. Further research 
is needed which tests specific hypotheses regarding 
the mechanisms by which plants and animals re- 
spond to landscape spatial structure. Elucidation of 
these mechanisms will yield greater precision and 
accuracy in our predictions of species responses to 
changes in landscape structure. Critical research top- 
ics include (1) comparisons of the permeability of 
habitat boundaries to various ecological phenomena, 
e.g. seed dispersal, nutrient flow, animal movement; 
(2) the importance of edge effects in habitats other 
than forests; (3) how particular species perceive the 
spatial structure of the habitat, and at what scale they 
respond to fragment spatial characteristics; (4) the 
importance of fragment context and heterogeneity 
for maintaining ecological processes; (5) the influ- 
ence of particular spatial arrangements of native and 
disturbed habitats. 

The fields of landscape ecology and landscape 
architecture and planning converge in their emphasis 
on the spatial structure of the landscape. Landscape 
architecture as a discipline is uniquely situated to 
integrate results of ecological studies of landscape 
spatial structure with social, cultural, and aesthetic 
concerns into the design of landscapes at many 
spatial scales. Because landscape architecture is a 
discipline focused on landscape change, as human 

population growth continues, creative design of the 
spatial configuration of landscapes will become in- 
creasingly important in sustaining the integrity of 
ecological systems. 
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