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Landscape Dynamics and Considerations

Kevin M. Rich and Patricia Mehlhop

Introduction

L andscape ecology is the study o spatial heterogene-
ity and itsinfluence on organismsand ecological processes
(Risser et al. 1984). Recent advances in remote sensing
technologies, computer softwareand hardware, and meth-
odsfor quantifying spatial heterogeneity havecontributed
to theemergenced landscape ecology as a powerful ap-
proach for analyzing spatial patternsand their ecological
consequences. The following references provide a good
overview o thefield o landscape ecology: Forman and
Godron (1986), Naveh and Leiberman (1994), Pickett and
Cadenasso (1995), Risser et al. (1984), Turner and Gardner
(1991), and Urban et al. (1987).

Table1 defines key termsin landscapeecology used in
this chapter. Exact definitions of landscape, patch type,
and patch depend on the specificorganismsand processes
being studied (Dunninget a. 1992; McGarigal and Marks
1995; Wiens1976; Wiensand Milne 1989). Typicdly, land-
scapes occupy a spatial scale intermediate between an
organism's homerangeand itsregional distribution( Dun-
ning et al. 1992). Thus, for songbirdsin the Southwest,
landscapes may be defined ranging in size from a few
hectaresto thousandsd squarekilometers. Thepatchtype

d primary interest hereis ponderosa pineforest, or forest
inwhich ponderosa pineisthe sole dominant plant spe-
cies. Individual patchesmay rangein sizefrom afew trees
to hundreds o square kilometers, depending on the phe-
nomena and species under investigation, the scae o the
study and theresol utiond any remotesensingimagery used.

L andscape ecol ogists generally divide spatial patterns
observed in landscapes into two categories. landscape
composition and landscape configuration. Landscape
composition refersto the variety and abundanced patch
types within a landscape without considering the loca-
tiond individual patches(Dunninget a. 1992; McGariga
and Marks1995). An exampled ameasure o landscape
compositionis the proportion o a given landscape cov-
ered by ponderosa pine forest. Landscape configuration
refers to the spatial relationships between patches in a
landscape (M cGarigal and Marks1995). For example, one
might be interested not only in the total amount o pon-
derosa pine present in alandscape but alsoin thedegree
to whichindividual ponderosa pine patches are isolated
fromeach other. Bothlandscapecompositionand configu-
ration have been shown to havesignificantinfluenceson
the distribution and abundance o songbirds (Freemark
et a. 1995).

Many studies in Southwestern ponderosa pine forests
haveinvestigatedthere ati onshi psbetween songbirdsand

Table 1. Definition of several key terms used in landscape ecology.

Term Definition Reference?
landscape a mosaic of patches relevant to the phenomenon under consideration

(at any scale) 1
patch distinguishedby discontinuities in environmental character states from its surroundings;

implicitis the notion that the discontinuities have biological significance 2
patch type a description of the environmental character states differentiating a patch or group of

similar patches from surrounding areas® 1

landscape composition

local population

set of individuals that alt interact with each other with a high probability

features associated with the presence and amount of each patch type within the landscape

but without being spatially explicit 1

landscape configuration physical distribution or spatial character of patches within the landscape 1
grain the resolution of the data, that is, the area represented by each data unit¢ 3
extent the overall size of the study area® 3
4

4

metapopulation

set of local populations that interact via individuals moving among populations

a References: 1. McGarigal and Marks (1995); 2. Wiens (1976); 3. Turner et al. (1989); 4. Hanski and Gilpin (1991).

B Our definition. The term is used, although not explicitly defined, by McGarigal and Marks (1995).

€ The terms"grain"and "extent" are also used to refer to the smallest and largest scales at which an organism responds to spatialheterogeneity (Kotliar and Wiens 1990).
We present the above definitions because we use these terms in describing spatial data sets in the text.
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habitat characteristicsat the level o individual patches
(Hall et a. and Finch et al., thisvolume). To date, though,
no published studiesfrom Southwestern ponderosa pine
forests have examined the relationships between song-
birdsand spatial patternsat thelevel o entirelandscapes.
In thischapter, we will discusstheimportance d scalein
ecological research, highlight several tools available for
characterizing landscape patterns in Southwestern pon-
derosa pine forests, and describe specific research needs
at fine, intermediate, and largespatial scales. Wewill also
addressresearch needsrelevant to habitats and speciesd
special concern.

The Importance of Scale

Different ecological processesoccur at different spatial
scales (Kotliar and Wiens 1990; Urban et al. 1987; Wiens
1989). Factors affecting habitat selection by individuals
within patches may differ from factors influencing the
distribution and abundance of organisms across land-
scapes (Wiens 1989; Wiens et al. 1987; McGarigal and
McComb 1995). To fully understand the ecology o song-
birds in Southwestern ponderosa pine forests, additional
researchisneeded at multiplespatia scales, including fine-
scadestudies at the level o individual patches; intermedi-
ate-scalestudiesat thelevel o landscapessevera hundred
hectaresin size; and large-scalestudies at thelevel o |and-
scapeshundreds to thousandsd squarekilometersin size.

At different scales, different spatial patternsemergefor
ponderosapineforestsin the Southwest. At ascaled sev-
eral hundred hectares, ponderosa pine forests generally
appear as integral components of larger forests. Ponde-
rosa pine forests often meet and blend with pinyon-juni-
per aong lower elevational boundaries and with Douglas-
fir and mixed-coniferalong upper elevational boundaries.
At ascded hundredstothousandsd squarekilometers,
though, Southwestern ponderosa pineforeststend to ap-
pear highly fragmented.

How thesespatial patternsinfluencethesongbirdsthat
use theseforestsis unknown. Many studiesin forests o
eastern and central North America have found that
smaller, more isolated patches tend to have fewer song-
bird speciesand fewer individuals o those speciesthan
larger, less isolated patches (for example, Ambuel and
Templel983; Askins and Philbrick 1987; Blake1986; Blake
1991; Blakeand Karr 1984; Blakeand Karr 1987; Freemark
and Collins1992; Freemark and Merriam1986; Lynch and
Whigham1984; Robbins et al. 1989; Whitcomb et al. 1981).
Thesestudieshave generally focused on patchesd forest
surrounded by non-forested agricultural and suburban
areas. In contrast, several studies in western North
Americahaveshown littlerelationshipbetween patch size
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and songbird species richness or abundance in forest
patches surrounded by forests of different species com-
positionor ageand sizeclass (Aney 1984; Lehmkuhl et a.
1991; Rosenberg and Raphael 1986). Conceivably, song-
birdsin ponderosa pineforestsmay show responseschar-
acteristicd birds in Eastern fragmented forests at large
spatial scales, while showing responses characteristic d
birdsin other Westernforestsat intermediatespatial scales.
Until landscape-levelresearch on songbirdsin Southwest-
ern ponderosa pine forestsis carried out, though, such
comparisons will remain speculative.

Characterization of Landscape
Patterns

A prerequisite for most research in landscape ecology
istheavailability of data on the spatial patternsd inter-
est. All spatial data sets have a certain grain and extent.
"Grain" refersto the resolution o the data (Turneret al.
1989).For example, on arelatively fine-grain map, it might
be possibleto distinguish features1 m in size, whileon a
relatively coarse-grain map these features might not be
visible. Extent refersto theareacovered by thedata set. A
spatial dataset isonly useful for agiven study if it hasa
grain and extent appropriate for the research being car-
ried out (McGarigal and Marks1995; Turner et al. 1989).
The data must have afineenough grain that patch types
and patches relevant to the organisms and phenomena
being investigated can be readily distinguished. In addi-
tion, the extent must be large enough that meaningful
spatial patternscan beidentified.

Table2 providesinformation on several spatial data sets
currently available or soon to be available that include
data on Southwestern ponderosa pineforests. The USDA
Forest Service General Ecosystem Survey and Terrestrial
Ecosystemn Surveys are limited in their applicability for
research on songbirds since only Forest Service land is
included, and sincemap unitsarebased on potential natu-
ral vegetationrather than current vegetation. Thedata sets
based on advanced very high resolution radiometer
(AVHRR) imagery arelimitedin their applicability, aswell.
They arevery coarse-grain, witharesolutiond 1. km. Keitt
et al. (1995) suggest that some details o the Earth Re-
sources Observation Systems (EROS) classification are
rather suspect from abiogeographicstandpoint, and they
use the USDA Forest Serviceclassificationin their analy-
sisd potential habitat patches for the Mexican spotted
owl. However, the Forest Service classification does not
distinguish between forest dominated by ponderosapine
and forest dominated by Douglas-fir, rendering it inad-
equate for studiesfocusing on ponderosa pine forest.
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Table 2. Selected data sets currently available or soon to be available for characterizing landscape patterns Influencing

songblrds in Southwestern ponderosapine forests.

Data set Source of imagery  Scale or resolution  Availability? References?
USDA Forest Service (Southwestern Region)

General Ecosystem Survey aerial photography 1:250,000 currently available 1
USDA Forest Service Terrestrial

Ecosystem Surveys aerial photography 1:24,000 currently available 2
Vegetative cover types from EROS AVHRR 1 km currently available 3
USDA Forest Service forest cover types AVHRR 1Km currently available 4,5,6
AZ Gap Analysis ™ 30m fall 1997 7
NM Gap Analysis ™ 30m currently available 8,9

& Currently available refers to data sets available as of August 1996.

b References: 1. USDA Forest Service (1989); 2. USDA Forest Service (1986); 3. Loveland et al. (1991); 4. Evans and Zhu (1993); 5. Powell et al. (1993); 6. Zhu and Evans
(1992); 7. K. Thomas, personal communication; 8. Muldavin (1994); 9. B. Thompson, personal communication.

The Arizonaand New Mexico Gap Analysisdata sets
will provide avaluable addition to the spatial data avail-
ablefor landscape ecological studiesd songbirdsin pon-
derosa pine forests. Since they are based on Landsat the-
matic mapper (TM) imagery with a 30-m resolution,
though, they will be somewhat limited in their usefulness
for addressing questions requiring very detailed, fine-
grain data on forest composition and structure. The de-
velopment o spatial data setswith arelatively high reso-
lution, on the order d 1 m, would provide an extremely
useful resourcefor studieson theeffectsd fine-grainfor-
est attributes on songbirds in the Southwest.

McGarigd and Marks(1995)have published acomputer
program called FRAGSTATS that provides researchers
with a powerful tool for quantifying landscape composi-
tionand configuration. Versonsd FRAGSTATSareavail-
able for use with either vector or raster image files.
FRAGSTATS computes a comprehensive array d land-
scape metrics including area metrics, patch size metrics,
edge metrics, shape metrics, core area metrics, nearest
neighbor metrics, patch diversity metrics, and contagion
and interspersion metrics. The accompanying documen-
tation includesathorough description d each metric, in-
cluding mathematical definitionsand adiscussiond each
metric's ecologica applicationsand limitations(McGarigal
and Marks1995).

Fine-Scale Studies

Although studies o the relationships between habitat
characteristicsand songbird species richnessand abun-
dance have been carried out at theindividual patch level
in Southwestern ponderosa pine forests, moreresearch is
needed to clarify these relationships. More research is
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needed to determinetheeffectsdf vegetationspeciescom-
position, tree sizeand ageclass, density d overstory and
understory vegetation, and fire and grazing history on
songbird diversity and abundance at the patch level (Hall
etd.and Finch et d., thisvolume).Such information will
be useful for managing forest patches (for example, for-
est stands) to maintain local songbird diversity and
abundance.

In addition, research isneeded to determine the extent
to which individual speciesare obligate users d ponde-
rosa pine forest. Many songbird species are known to oc-
cur in ponderosa pineforest. Somespecies, such asGrace's
warbler, appear to be ponderosa pinespecialistsand may
require the presence d ponderosa pineforest to survive
and reproduce (Hall et a., this volume). Other species,
such asthe mountain chickadee, appear to beforest gen-
eralists and may be able to thrive in a variety o forest
types. Still other species, such asthe American robin, ap-
pear to be extreme generalists and are frequently found
inawidevariety o forest and non-forest habitats. Clearly,
individual songbird speciescan differ greatly in their habi-
tat requirements, and research is needed to elucidate the
specifichabitat requirementsfor songbirdsfound in pon-
derosa pine forests. Information is needed on the extent
to which individual songbird species require ponderosa
pinehabitat in thebreeding season, during migration, and
aswinter residents.

The degree to which songbird species are ponderosa
pine specialists versus broader habitat generalists has
potential implicationsfor the scaleat which those species
respond to spatial heterogeneity. Ponderosa pine special-
istsarelikely to respond to spatial heterogeneity at afiner
scale than habitat generalists. For example, Grace's war-
blers may be more sensitivethan American robinsto dif-
ferences in tree size and age class, density o overstory
and understory vegetation, and grazing intensity within
aponderosapineforest. Such hypothesesneed to be tested
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infield studiesthat comparetheresponsesd habitat spe-
cialistsand generalists to different fine-scale patterns o
spatial heterogeneity. Thistyped study will likely reveal
indicator species (presumably habitat specialists) useful
for monitoring ponderosa pineforest habitat quality.

Ponderosa pi nespecialistsal so undoubtedly differ from
habitat generalistsin their responses to broad-scale pat-
terns o spatial heterogeneity. For a Grace's warbler, ase-
riesd ponderosa pine forests separated by pinyon-juni-
per woodland might appear to beafragmented |andscape.
For an American robin, however, thesamelandscape may
appear relatively continuous. Understanding thefinescale
habitat requirements o individual speciesis an impor-
tant elementin understanding theresponsesd thosespe-
ciesto spatial patterns at broader scales.

Intermediate-Scale Studies

In addition to studies at the patch level in which indi-
vidual patches represent independent data points, stud-
ies at the landscape level in which landscapes represent
independent data points are needed to examinetherela
tionshi psbetween landscapecharacteri sticsand songbird
distribution and abundance. Examples of such studies
carried out in other regionsincludeastudy by McGariga
and McComb (1995)in mixed-conifer forestin the central
Oregon Coast Range, and a study by Evans (1995) in
mixed-conifer forest in west-central 1daho. I n both stud-
ies, landscapeswere defined at ascaled several hundred
hectaresand chosen to represent awidespectrum o spa-
tial patterns reflecting different forest management re-
gimes. McGarigal and McComb (1995) used ground-
truthed aerial photographs for baseline data on spatial
attributes, while Evans (1995) used aground-truthed tim-
ber strata map generated from a Payette National Forest
timber inventory. I nboth studies, FRAGSTATS(McGariga
and Marks1995) was used to compute measures o |and-
scape composition and configuration.

McGarigal and McComb (1995) and Evans (1995) both
found significantrelationshipsbetween several measures
d landscapecompositionand configurationand theabun-
dance of one or more songbird species. Interestingly,
McGarigal and McComb (1995) found that for species
strongly associated with a particular patch type at the
patchlevel, therel ationshipsbetween abundance and the
amount o preferred patch type present at thelandscape
level varied greatly. McGarigal and McComb’s (1995)
study supportsthe idea that different processesoccur at
different spatial scales, and that relationships seen at the
patchlevel cannot necessarily be extrapolated over land-
scapes.

140

Large-Scale Studies

Research is also needed at a relatively large scale o
hundredstothousandsd squarekilometersto determine
patternsd songbird distribution and abundanceand shed
light on ecological processesat this scale. Ecologica in-
teractions between individualsdof a given speciesand bi-
otic and abiotic factorsin the environment are likely to
vary acrossthe range of that species. To understand the
ecology o aspecies, onemust understand ecological pro-
cessesoccurring throughout its range. Thus, to fully un-
derstand the ecology o songbirds in Southwestern pon-
derosa pine forests, one must understand ecological
processes occurring across the ranges o these species.

At large spatial scales, ponderosa pine forests in the
Southwest tend to occur within "Sky Islands™ of moun-
tainforest surrounded by seasd arid grassland and desert
(DeBano et a. 1995; Gehlbach1981). Onearead potential
interest in studying songbirdsin theseforestsisthe area
o metapopul ationdynamics. M etapopul ationsaregroups
o two or more populations connected by infrequently
dispersing individuals, and they typically occur when
populations occupy areasd suitablehabitat separated by
areasd unsuitablehabitat (Hanski and Gilpin1991).Some
metapopulations may exhibit “source-sink” characteristics
(Brawnand Robinson1996; Howeet a. 1991; Pulliam 1988;
Pulliam and Danielson 1991). In these cases, it is believed
that i ndividual sfrom source popul ations, in which produc-
tivity exceedsmortdity, dispersetosink populations,which
would golocally extinctin theabsenced suchmigration.

Littleisknown about theextent to which songbird spe-
cies in Southwestern ponderosa pine forests exhibit
metapopul ationdynamics. Giventhefragmented patterns
of ponderosa pine forest found at large spatial scalesin
theSouthwest, itislikely that at |east some songbird spe-
ciesfound in thishabitat exist as metapopul ations. How-
ever, the degree to which a given species exists as a
metapopul ationisno doubt influenced by thehabitat pref-
erencesand requirementsd the speciesand the extent to
which it can disperse through unsuitable habitat. Over-
dl, onewould predictthat ponderosapinespecialists,such
as Grace's warbler, would exhibit very different meta-
population dynamicsthan broader forest generalists, such
asthe mountain chickadee. M ountain chickadeesmay in
turnexhibit very different metapopul ation dynamicsthan
extremehabitat generalists, such asthe Americanrobin.

Likewise, the nature o source-sink dynamics within
metapopul ations undoubtedly variesfrom speciesto spe-
cies. For some species, ponderosa pine forest may repre-
sent sourcehabitatin whichproductivityisrelativelyhigh.
For other species, ponderosa pine forest may represent
sink habitat in which mortality and emigration exceed
productivity. Source-sink dynamics are further compli-
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cated in migratory speciesby thefact that some areas may
be unimportant for breeding but critical asstopover sites
during migration or as wintering habitat.

Attempting to understand metapopulation dynamics
isan ideal example d an endeavor that requiresresearch
at multiplespatial scales. Studiesat finescaesare needed
to determineexactly how thespeciesin question usesdif-
ferent habitat types. Studies at intermediate scales are
needed tolearn moreabout habitat requirements, includ-
ing how landscape composition and configuration affect
habitat selection. Studies at larger scales are needed to
determine overall patterns o habitat availability, how
habitat usevariesthroughout therange, and how patterns
d habitat availability and use relate to metapopulation
dynamics. For migratory species, information at eachspa-
tial scale isneeded for breeding areas, for stopover sites
used during migration, and for wintering habitat.

One key aspect of understanding the population dy-
namicsd a speciesis understanding dispersal patterns
o individuals through different habitat types. We know
that most songbirds are capable o traveling great dis-
tances(many migrate to thetropicsfor thewinter). How-
ever, vagility, or the physical ability o aspeciesto move,
should not be equated with dispersal, or the movement
d individuals to new areas to settle there and breed
(Villardet al.1995). Littleisknownabout dispersal in song-
birds. Somestudies (Drillingand Thompson1988; Holmes
and Sherry 1992; Kendeigh1941) suggest that typical dis-
persal distances for adultsin some speciesd songbirds
may belessthan 350 m. However, these studies provide
limited data for a small number o species. Even lessis
known about dispersal infirst-year songbirds, that is, how
far first-year birdstend to nest fromtheir birth sites. Green-
wood and Harvey (1982) suggest that the median first-
year dispersal for both sexesisusually lessthan 10 terri-
tories away from the birth site. However, Villard et al.
(1995)argue that thisgeneralizationmay not bevalidsince
recapturerates o songbirds banded as nestlingsare usu-
alylower than10 percent. Inforest patches o central Illi-
nois, Robinson (1992) observes that songbirds have very
low reproductive success, and he suggests that popula-
tionsin the area may be maintained by individuals dis-
persing from forestsover 200 km away.

Todate, nostudieshavebeen published estimating dis-
persal distances for songbirds in ponderosa pine forests
in theSouthwest. I nformationon dispersal distancescould
potentially be gathered through extensivebanding opera-
tionsand attempts at recaptureacrosslargeareas. Another
alternativewould betoidentify isolated patchesinwhich
oneor more specieshave been extirpated dueto stochas-
tic processes, forest fires, or human activitiessuch aslog-
ging, and then survey thosepatchesto determinewhether
those species reappear over time. If those speciesdo re-
appear, thiswould suggest that they wereableto disperse
from an area at least as far away as the nearest suitable
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habitat (Villardet a. 1995). Such studies would be espe-
cialy useful whentheareasd nearest suitable habitat are
aconsiderabl edistanceaway (for example,in another Sky
Island), asthey might provideinsightsinto maximumdis-
persal distancesfor songbirdsover different habitat types.

Spatial datasetsfromtheArizonaand New MexicoGap
Analysisprojects should provide information useful for
large-scal estudies on songbirds in Southwestern ponde-
rosa pineforests (table2). To adequately study most eco-
logical patternsand processesimportant for songbirdsin
ponderosa pine forests, though, analyses of spatial data
fromimagery will need to beaccompaniedby field inves-
tigations. Thiswill likely present somelogistical challenges
at scalesd hundreds to thousands o square kilometers.
Nonetheless,datafromimagery aregenerally o little use
unless they are ground-truthed and closaly linked with
datacallectedinthefield. Thecollectiond field dataacross
large spatial scales may be facilitated by collaboration
among researchersand by the careful selection of field
sitesbased on high-quality imagery.

Habitats and Species of Special
Concern

Becaused therelatively small aread old-growth pon-
derosa pine forestsremaining in the Southwest and eco-
nomic pressures to harvest these forests, research into
songbird responses to landscape characteristics d old-
growth ponderosa pine forestsat multiple scales should
be a top priority. At the patch level, more research is
needed to determine exactly how songbirds use old-
growth ponderosa pine forests and the extent to which
they depend onthem. At larger landscapelevels, research
is needed to determine how the proportion and spatial
configurationdf old-growth ponderosapineforestinaland-
scapeinfluences songbird distribution and abundance.

Researchon songbird responsesto landscape composi-
tion and configuration at multiple scalesis needed that
considers both overall songbird diversity and the abun-
dance o individual species. Measuring the local diver-
sity o songbird speciesin an area providesinsight into
the ahility o that area to support a variety o different
kindsdf songhbirds. However, from aregional perspective,
the number o speciesin a given area may not be asim-
portant as which species are present. For example, a
clearcut patch may befound to have arelatively high di-
versity d songbird species, but those speciesmay becom-
mon throughout theregion. Thus, widespreadclearcutting
in the region might produce areas o high local species
diversity while dramatically reducing overall regional
diversity.
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Studies that focus on individual songbird speciesare
necessary for understanding the relationships between
individual speciesand different types o habitat and for
gaining insightsinto popul ation and metapopulation dy-
namics. Landscape-level studies focusi ng on those song-
bird species most vulnerable to local extirpation or
rangewideextinctionareespecially urgent. Nosuch stud-
ies have been carried out, and landscape-level informa:
tion is needed to inform management decisionsaffecting
regional avian diversity and the long-term viability of
those species.

Alistd bird specieson managed ponderosa pine Breed-
ing Bird Survey routesin Arizonaand New Mexicowhose
populations have been decliningisprovided in Chapter 4
o thisvolume (from Miller 1992), asisalist o bird spe-
ciesfound in ponderosa pine forests ranked as being of
high or moderateconcern by the Arizonaand New Mexico
Partners in Flight programs. These lists offer a starting
point for identifying target species for landscape-level
studiesin Southwestern ponderosa pineforests.

Typicdly, landscape-level studies d songbirds in other
regions have involved sampling all songbird speciesen-
countered acrossdifferentlandscapes using standardized
techniques. In many studies, rare species were not con-
sidered in the analysis o abundance data because they
did not lend themseal veswell to thestati stical methods used
(for example, Evans 1995, Hagan et al. 1996, Knick and
Rotenberry 1995; M cGarigal and McComb 1995; Rosenberg
and Raphael 1986).To overcomethisproblemin Southwest-
ern ponderosa pineforests, research must becarried out over
broad enough spatial and temporal scaesthat sufficient data
on rarespeciesaregatheredfor statistical analysis.

Rarespeciesform acritical component d bird commu-
nities. In most studies o bird communities, asmall num-
ber o speciesare found at all or most sites while many
species occur a only a few (for example, Evans 1995;
Hansen et al. 1995; Hejl and Woods 1991; Rosenberg and
Raphael 1986; Verner and Larson 1989). Landscape-level
research that focuses on rare species is needed to gather
more information about these species and to provide a
scientific basisfor managing rare species and their habi-
tats. Maintaining viable populationsd rare speciesises
sential for maintainingoverall avian diversity in theSouth-
west, aswell asfor maintai ning healthy, intact communities
and ecosystems.
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