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OBJECTIVES
Conservation is a geographic problem because one of the greatest threats to
biodiversity is habitat loss and fragmentation. Management plans, with purposes ranging from protecting endangered species to planning sustainable timber harvests, use maps to represent current landscape patterns and to evaluate management options. Obviously, the accuracy of these maps can affect the
success of the decision-making process and the implementation of management plans. For ecosystem-level or species-based management, maps must
reflect patterns relevant to ecosystem processes and species of interest. However, maps are human products; therefore, they have an implicit anthropocentric perspective. Most tend to record information pertinent to human
needs and economic systems (e.g., land cover, roads, towns, political boundaries). For example, national forests have "stand maps" that record the age
and type of forest stands (e.g., oak-hickory, cove hardwood, oak-pine). However, this classification system is based on merchantable timber and may not
reflect stand characteristics important to wildlife or nontimber vegetation. For
effective conservation, maps are needed that reflect the needs of ecosystems
and nonhuman species. The objectives of this exercise are to
1. illustrate how landscape patterns, recorded on land-cover maps, can be
interpreted from the perspective of different species; and
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2. help students understand the uses and limitations of spatial data for producing habitat maps.
In Exercise 1, you will examine the potential limitations of habitat mapping due to the resolution of the spatial data used. In Exercise 2, you will interpret landscape patterns from a non-anthropocentric perspective and construct habitat maps for five species. In Exercise 3, land-cover and topographic
data will be combined to represent the habitat of two additional species. Each
team of students will need several different colors of pencils, markers or highlighter pens; a calculator; and five copies of Figure 13.1 for Exercise 2. A
transparency of Figure 13.1 and a paper copy of Figure 13.2 are also needed
for Exercise 3 as this part involves overlaying Figures 13.1 and 13.2. Extra
copies (for printing) of the figures are included on the CD in the directory for
this lab and can be viewed using Adobe Acrobat Reader software which is
available for free from the World Wide Web.
INTRODUCTION
One of the challenges of ecosystem management is understanding the effects
of landscape-level changes on biological diversity. Both worldwide and in the
United States, land cover is altered principally by direct human use through
agriculture, pasture, forestry, and development. Land-use patterns affect both
terrestrial and aquatic systems (Reiners et al., 1994; Cooper, 1995) and influence biodiversity for several reasons (Turner et al., 1998). First, land-use
activities may alter the relative abundances of natural habitats and result in
the establishment of new land-cover types. Species richness may be enhanced
by the addition of new cover types, but natural habitats are often reduced,
leaving less area available for native species (Walker, 1992). Exotic species
may also become established and outcompete the native biota. Second, the
spatial pattern of habitats may be altered, often resulting in fragmentation of
once-continuous habitat. Projecting patterns of species presence and abundance in changing landscapes remains a key challenge in sustaining biodiversity (Lubchenco, 1995; Hansen et al., 1995), and clearly, the conservation of
native species and their habitat involves a landscape-level approach (Franklin,
1993, 1994; Tracy and Brussard, 1994).
Ecologists use a variety of terms to describe the spatial pattern of habitat,
such as patch, connected, fragmented, edge, and edge effects. For the purposes
of this exercise, habitat refers to sites having appropriate levels of the biotic
(e.g., prey items, mutualists) and abiotic (e.g., moisture, temperature, light,
nutrients) features required by a given species. A patch is a contiguous region
of the same habitat type. In raster land-cover maps, such as Figure 13.1,
patches are usually identified as clusters of contiguous map cells of the same
cover type. When the habitat exists in the landscape as a few large patches,
the habitat is said to be highly connected. Habitat is considered to be fragmented when the habitat occurs in a large number of small patches. Land-
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cover change that results in habitat loss often causes habitat fragmentation by
breaking up the few large patches into an increased number of small ones.
The boundary between two habitat types is called an edge. Within a patch,
factors such as temperature, moisture, food resources, and the abundance of
predators may be different near the edges of a patch as compared to the interior of a patch (Matlack, 1993). Changes in ecological factors near patch
boundaries are termed edge effects. Because smaller habitat patches have a
greater edge-to-interior ratio, edge effects tend to be more prevalent in small
patches. Thus, habitat fragmentation, by creating small patches, can increase
the amount of edges and edge effects throughout a landscape.
Depending on their habitat requirements and life-history attributes, species
may respond quite differently to habitat loss and fragmentation. Changes
that favor one species may reduce habitat for others. The abundance and
spatial pattern of habitat in a landscape may vary among species that have
different habitat requirements (e.g., preferences for late versus early successional stages). Moreover, life-history attributes, such as area requirements
and dispersal ability, can interact with the spatial pattern of habitat (i.e.,
fragmented vs. connected) to affect population dynamics on a landscape.
Therefore, an organism-based perspective (e.g., Wiens, 1989; Pearson et al.,
1996) is needed to estimate the effects of landscape pattern on nonhuman
species. This perspective should also acknowledge that species may perceive
the habitat in different ways. An eagle "sees" the landscape, its habitat
patches, and resources in a very different way than a beetle does. Ecologists
should strive to view the landscape from the perspective of the species of interest. The following exercises address the importance of grain size on habitat mapping, show how the same map can be interpreted differently for different species, and integrate topography with land cover in mapping as ways
to illustrate the importance of interpreting landscape patterns from an organismal perspective.
Study A r e a
The study area is located north of Asheville, North Carolina, in the Southern
Blue Ridge Province of the Southern Appalachian Mountains, with elevations
ranging from 660 to 1100 meters above sea level. This mountainous landscape is dominated by forests, particularly in the steeper areas at higher elevation, while many of the valleys have been cleared for agricultural and residential land uses. The study area also includes urban areas of a small town,
Mars Hill, having a human population of 2200 (Figure 13.1). The mountainous areas north of the town are heavily forested. The land-cover types we
will consider here are forest, npnforest, and urban. The forests of this area
are mostly temperate deciduous forests interspersed with occasional conifers
(e.g., pines and hemlocks). The nonforest land cover includes pastures, row
crops, and lawns. Urban land cover includes cells with a high concentration
of buildings and pavement. Landscape metrics for these land covers are listed
in Table 13.1.
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FIGURE 13.1
Land-cover map of study
area. Thin lines are 10-m
contours; heavier lines represent streams. Each cell is
90 X 90 m in area. The
spatial extent of the map
is 19.7 km2 (3.78 x
5.22 km). A full size version of this map can be
printed from the CD.

TABLE 13.1
LANDSCAPE PATTERN METRICS FOR FIGURE 13.1. AREA AND PATCH SIZE
ARE MEASURED IN THE NUMBER OF 90 x 90-M CELLS.

Forest
Nonforest
Urban
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EXERCISES

H Forest
L] Nonforest
• Urban

Land Cover
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Total Area
(cells)

Number of
Patches

Mean Patch Size
(cells)

Size of Largest
Patch (cells)

1349
910
135

37
14
6

23.8
42.6
14.7

1133
791
25

Habitat maps are produced from spatial data that have a certain spatial
resolution. For example, the cell size of a Thematic Mapper (TM) image
is typically 30 X 30 meters. The land-cover map used for this exercise was
produced from a 1991 TM image (Figure 13.1) and is stored in raster (i.e.,
grid-based) format. TM is a type of satellite used to gather digital photographs. Regions within the photograph are classified into discrete landcover categories. The resulting land-cover classes can be represented in
raster format, using a large rectangular array of numbers, similar to a
checkerboard. Each number represents the land-cover type for the cell. One
pixel (cell) of a TM image usually represents a 30 X 30-meter area on the
ground, so the "size" of a cell in the derived map cannot be smaller than
this size; however, during land-cover classification, cells may be aggregated
into a more coarse resolution (e.g., 90 X 90 m). The size of an individual
map cell determines the spatial resolution or grain of the map; the spatial
extent of the map is its total area (e.g., N-S distance X W-E distance).
The value of a cell in a land-cover map may represent either (1) a point
measured in the middle of the cell or (2) an average of the conditions in
cells—thus, cells in a raster habitat map may contain much microsite variability that is not captured by the cell value. Microsites are the small or
fine-scale locations within a map cell. For a mayfly species capable of living in small creeks, a microsite for this insect would be in the creek (as opposed to on top of a dry rock). Because a map cell may cover such a large
area (relative to an insect), many microsites within the cell may not be suitable. Furthermore, because a small creek (2-3 m across) represents such a
small proportion of the land area, it would not show up in a TM image;
however, larger streams, rivers, and ponds would be recorded.
.^
Question 1. Consider an insect species that requires small headwater streams.
Can habitat for this species be accurately mapped using data with a 90 X 90meter resolution? Justify your answer. If you answered yes, then explain your
assumption(s) about the relationship between the cell values and the abundance of suitable microsites.
Question 2. How does the grain of spatial data affect our ability to map
species' habitats?

One of the challenges of ecosystem management is determining how a set
of species with diverse habitat needs will be affected by landscape-level

LEARNING LANDSCAPE ECOLOGY

192

changes. Species may respond to landscape patterns in different ways depending on their habitat needs. Producing more habitat for one species by
manipulating land cover may reduce habitat for others. Next, you will make
habitat maps for five different species. The land-cover map (Figure 13.1)
will be used to produce habitat maps using a mapping procedure based on
the habitat requirements of each species (Table 13.2). Then, you will compare the abundance and spatial distribution of suitable habitats for these
five species.
Impatiens capensis (jewelweed) is a native plant that thrives in spring
seeps, bogs, and streamsides. This species is tolerant of shade but does best
in the presence of sunlight and plenty of moisture. It is an annual that produces a large number of seeds. The seeds are borne in pods that fly apart
when ripe (hence the other name of "touch-me-not").
Seiurus aurocapillus (Ovenbird) is a Neotropical migrant songbird that
nests throughout the eastern United States. It nests and forages on the
ground in deciduous forests and is sensitive to forest fragmentation. It is
often absent from small patches of forest (< 25 ha) and occurs in greatest
abundance in landscapes with a large percentage of forest. Thus, this species
seems to decline with increasing forest fragmentation.

TABLE 13.2
HABITAT REQUIREMENTS AND MAPPING PROCEDURE FOR FIVE SPECIES.
HABITAT REQUIREMENTS WERE TAKEN FROM WEBSTER ET AL. (1985),
EHRLICH ET AL. (1988), WOFFORD (1989), HAMEL (1992), AND
ROBINSON ET AL. (1995).
Species

Habitat Required

Mapping Procedure

Jewelweed
(Impatiens capensis)

Moist to hydric sites;
streamsides

Ovenbird
(Seiurus aurocapillus)

Forest interior sites

Mountain dusky salamander
(Desmognathus ochrophaeus)

Forests with streams

Cells of any land cover
adjacent to or crossed
by streams
Deciduous forest cells at
least 180 m (i.e., two cells)
away from nonforest and
urban cells
Forest cells crossed by
or adjacent to streams

Indigo Bunting
(Passerina cyanea)

Forest edge

House mouse
(Mus musculus)

Urban areas and
nonforest

Forest cells adjacent to
nonforest and nonforest
cells adjacent to forest
All urban cells, nonforest
cells, and cells adjacent
to urban cells
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Desmognathus ochrophaeus (mountain dusky salamander) is one of the
few members of the genus Desmognathus that is terrestrial. It spends a
great deal of time underground, emerging to forage on the surface during
warm, damp evenings. The salamander occurs along streamsides in shady,
moist forests of the Southern Appalachians at low elevations. Precipitation
increases with elevation in this region; thus, at elevations above 1220 meters, this species can leave the streamsides and be found in mesic forest sites.
Passerina cyanea (Indigo Bunting) is a finchlike neotropical migrant bird.
This species nests in shrubs in old fields and along forest edges. Closely related to the Northern Cardinal, it feeds on insects, fruits, and seeds. The
colorful males of this species are a favorite of bird watchers; the birds sing
all day during late spring and summer.
Mus musculus (house mouse) is an exotic mammal introduced from Europe. It is a commensal with humans, achieving its greatest abundance in
human dwellings. This species is also capable of living in the farmlands surrounding human settlements, but does not persist in forests. Not surprisingly, its abundance in the landscape is correlated with the amount and intensity of nonforest land uses. It can become a pest by destroying food
items in homes and farms.
1. Your first step is to create habitat maps. Classify a land-cover map
(Figure 13.1) using the mapping procedure for the species listed in
Table 13.2. You can print multiple copies of the land-cover map from
the CD. Use one copy of the land-cover map for each species. Color
in suitable cells using a green, yellow, or red pencil, marker, or highlighter. Your instructor may create teams of students and assign a
single species to each team member.
2. Next, quantify habitat abundance and pattern. A patch of habitat is
defined as a group of contiguous cells of the suitable habitat. For this
exercise, suitable cells contiguous on the diagonal (adjacent corners)
are considered to be of the same patch, as well as those cells that
share a flat edge (the eight-neighbor rule). For each patch of suitable
habitat, record its size by counting the number of cells. Record the
number and sizes of patches in Table 13.3, which can be printed from
the CD.
3. Calculate the total area of suitable habitat (in cells) and mean patch
size, and note the size of the largest patch for each species.
Using your maps, answer the following questions
Question 3. Visually compare the habitat maps for the five species. For which
species does the habitat appear to be most connected? For which species is
the habitat most fragmented?
Question 4. Which of the patch-based statistics in Table 13.3 would you use
to quantify habitat fragmentation or connectivity?
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A quick inspection of the land-cover map (Figure 13.1) reveals patches of
forest, field, and urban cover types. Within any of these covers, there is
variation in environmental parameters (e.g., temperature, light, moisture)
that affect habitat suitability. In this part, you will use topography to refine the habitat classification of cells with the same cover type. Realize, of
course, that many other sources of spatial information may be used to refine cover types, such as geology maps, hydrology maps, and distances to
certain features such as roads and buildings calculated with a Geographic
Information System (GIS).
Topographic features such as terrain shape and aspect can exert a strong
influence on habitat suitability iri mountainous regions (Whittaker, 1956;
McNab, 1996). Sites with a concave terrain shape, such as ravines, tend to
accumulate water and be moist, while convex sites, such as ridges, are drier.
Aspect can also affect moisture and temperature. In the northern hemisphere, north-facing aspects receive less insolation and are therefore cooler
and moister than south-facing aspects. Maps of terrain shape and aspect
can be derived from elevation maps.
Figure 13.2 shows a map of terrain shape for the same area as the landcover map (Figure 13.1). Three classes of terrain shape are identified: (1)
coves or ravines, (2) side slopes or flats, and (3) ridges or peaks. Cell size
for Figure 13.2 is 30 X 30 meters. This map of terrain shape can be used
in conjunction with the land-cover maps to identify the habitat of two trees
of the deciduous forest: basswood (Tilia americana), a mesophytic species,
and scarlet oak (Quercus coccinea), a xerophytic species. The cove sites are
suitable for basswood, and the ridge sites are suitable for scarlet oak.
1. Map the coves and ridge areas as follows. Print out a paper copy of
the map of terrain shape (Figure 13.2) from the CD. Then, create a
transparency of the land-cover map (Figure 13.1). Using Figure 13.1
as an overlay on Figure 13.2, color the cells of deciduous forest that
are found in cove and ridge zones. Use contrasting colors for the cove
and ridge cells.
2. Count the cells and patches (as in Exercise 2) and record your results
in Table 13.4, which can be printed from the CD.
3. Tally the number of patches. Calculate the mean patch size and the
area of the largest patch. Be sure to state your units (cells or hectares)
on Table 13.4.
Use the data in Table 13.4 to answer these questions:
Question 5. Compare the relative abundance of habitat for basswood and
scarlet oak. "What proportion of the forest land cover is suitable for each
species?
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FIGURE 13.2
Map of terrain shape for
study area. Thin lines are
10-m contours. The region
covered and spatial extent
of this map are identical
to Figure 13.1; however,
cells are 30 X 30 m in
area. A full size version of
this map can be printed
from the CD.

Coves, ravines
Slopes, flats
Ridges, peaks

Question 6. Compare the level of habitat fragmentation for these species.
Is there a difference in the relative connectivity of cove and ridge sites in
this landscape?
DISCUSSION QUESTIONS
Answer the following questions using your maps and data.
1. The Ovenbird is restricted to forest-interior cells. Compare the total number of cells
of Ovenbird habitat to the total number of forest cells (Table 13.1). What percentage of the forest cells is unsuitable for the ovenbird because of edge effects?
2. Limitations in dispersal ability may prevent some species from recolonizing patches
that have experienced local extinctions. Lungless salamanders, including the mountain dusky salamander, are such species because they can seldom cross dry, open
land-cover types. If we assume that these salamanders cannot cross more than two
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cells of unsuitable habitat (count cells on the diagonal as equal to cells in cardinal
directions), how many of the existing patches of salamander habitat are completely
isolated (with respect to potential colonists) from any other patches?
3. Refer to the habitat maps for Exercise 2.
(a) If urban expansion in this landscape increases the extent of nonforest and urban land covers, how will each of the species discussed in Exercise 2 be affected?
(b) Will these effects depend on the location and amount of urban expansion?
(c) Using the lay of the land as depicted in Figure 13.2, can you predict where urban expansion is likely to occur? How?
4. Suppose that we evaluate the landscape from the perspective of another species,
such as a Broad-winged Hawk (Buteo platypterus), which requires the same habitat as the Ovenbird but has a minimum area requirement (e.g., territory size) of 50
cells (40.5 ha).
(a) What proportion of the patches would be too small?
(b) What proportion of the forested cells would therefore be unsuitable?
(c) What effect would your predicted expansion of nonforest and urban land covers have on this species?
5. Given a scenario of future urban growth and the potential to regulate the location
of that growth, what portions of the landscape would you protect? Which species
would influence your strategy?
6. What is the value of using additional spatial data, such as terrain shape, soils, geology, to refine land-cover types? What are the limitations of this approach? If the
grain of the two data sets differs, what is the resolution of the resulting habitat map?
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