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occidentalis occidentalis) in Souther n Califor nia
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Abstract.—Using a Geographic Infor mation System (GIS), a sensitivity
analysis was performed on estimated mapping err ors in vegetation
type, forest canopy cover per centage, and tr ee crown size to
determine the possible ef fects error in these data might have on
delineating suitable habitat for the Califor nia Spotted Owl ( Strix
occidentalis occidentalis) in souther n California. The maps were
developed as part of a project to map existing vegetation for the USDA
Forest Service in souther n California using Landsat Thematic Mapper
satellite data, and GIS modeling.  The r esearch area is the San
Bernardino National For est, the largest contiguous ar ea of spotted
owl habitat in souther n California, with a large and thoroughly
surveyed spotted owl population.  Map err or was estimated using
error matrices based on comparing the final map output to expert
photointerpr etation of a number of locations.  The simulation of map
uncertainty r esulted in an incr ease in suitable habitat ar ea with
changes in vegetation classification.  Ther e was no significant
incr ease in the number of actual known spotted owl locations found
with modeled areas of suitable habitat.  Fragmentation analysis of
the additional patches showed a possibility that the additional
patches were too small and fragmented to be useful as actual habitat
areas.  This research will generate dif ferent map r ealizations for a
population model being developed for the USDA For est Service.

The population of the Califor nia Spotted Owl
(Strix occidentalis occidentalis) in souther n Cali-
fornia is declining and the cause is not known
(Anderson and Mahato 1995, LaHaye et al.
1994, Verner et al. 1992).  Even if this decline
is temporary, Lehaye et al. (1994) believe that
the souther n California metapopulation could
be extinct within 40 years.   Both the Norther n
and Mexican Spotted Owls ( S. o. caurina and S.
o. lucida) have been given the status of thr eat-
ened by the U.S. Fish and W ildlife Service
because of population decline due to loss of
habitat (LaHaye et al. 1994, Verner et al. 1992).
However, the Califor nia owl, which inhabits the
Sierra Nevada and the Peninsular ranges of
souther n California, is listed as sensitive under
the Endangered Species Act (LaHaye et al.

1994), and as a species of Special Concer n by
the State of Califor nia (Gutierr ez et al. 1995).
While not pr otected by law in the same manner
as a threatened or endangered species (Greif
1995), this classification still describes the
danger of a population in sever e enough decline
that extinction is a possibility if curr ent man-
agement tr ends continue (Roberts 1993).

Although the Califor nia Spotted Owl does not
require as large a territory as the Norther n
Spotted Owl, the amount of range the owl does
require in souther n Califor nia is in conflict
with urban and r esidential expansion (Verner
and Taylor 1992).

In the Hearing of the Subcommittee on Nation-
al Parks, Forests, and Lands of the 104th
Congress, the fact that the Califor nia Spotted
Owl was classified as sensitive rather than
endangered led politicians to ar gue that the
management of this species was expensive,
unnecessary, and politically danger ous (Cali-
fornia Spotted Owl Recovery Plan Hearing
1994).  The vigor ous debate which seemingly
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University of Southwester n Louisiana, Lafay-
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pits politicians and economists against
ecologists and academics could be seen as a
test of the values which have guided our r e-
source management agencies in r ecent years
(Gutierr ez et al. 1995, Yaffee 1994).  The inten-
sity of political debate has overshadowed the
fact that much still needs to be lear ned about
the life history and ecology of the owl in or der
to develop a plan for the conservation of this
species (Gutierr ez et al. 1995, Verner et al.
1992).  Explicit characterizations of habitat
requirements for the Califor nia Spotted Owl
still must be assumed.  These assumptions
could make the conclusions of habitat models
cur -rently being developed highly suspect, and
possibly too general for the critical habitat
designation of a sensitive or possibly thr eat-
ened species (Heinen and L yon 1989, Verner
and Taylor 1992).  Isolating the variables,
whether based on owl life history, envir onment-
al factors, or human inter ference, which are
critical to the Califor nia Spotted Owl, is now
essential for the owl’s survival.  Population
simulation models, designed to investigate the
influence of these variables, have been used to
examine the viability of Spotted Owl popula-
tions (Doak 1989, Lande 1988, Schumaker , in
press).

The focus of our r esearch is aimed at one of the
pitfalls of computer simulation modeling,
especially the modeling of habitat in lar ge
ecosystems.  Simulation appr oach models ar e
“...only as good as the data on which they ar e
based” (Moffat 1994).   Pr oblems of data avail-
ability can be avoided in these population
models, provided there is a thor ough analysis
of the sensitivity of the r esults to changes in
model parameters (Durant and Mace 1994).
This can also be true for the err or inher ent in
data analysis and classification based on com-
bining Geographic Infor mation Systems (GIS)
and remote sensing mapping pr ocedures.
When using these pr ocedures to model habitat
suitability, the err ors cr eated by mapping
processes, especially data classification, can
effect the model critically, and some measur e of
this uncertainty should be known (Goodchild
1994).   We attempted to characterize this
uncertainty by ascertaining how sensitive hab-
itat suitability pr edictions might be to r eason-
able assumptions of mapping pr ocess error.
This knowledge can be used to mor e accurately
isolate the importance of population model
parameters.

John Stephenson (pers. comm.) suggested
three map classification criteria that ar e
supposed to be the most important in the
delineation of Califor nia Spotted Owl habitat:
vegetation type, forest canopy cover per centage,
and tree crown size.  We chose an area in
souther n California (the San Ber nardino
Mountains) with a lar ge, well-documented
population of owls (LaHaye and Gutierr ez 1994,
Stephenson 1991).  Estimating r easonable
error in the mapping pr ocedures, we then per -
formed a sensitivity analysis to ascertain the
resulting dif ferences in delineation of habitat
suitability areas using a GIS map overlaying
procedure.  Dif ferences were evaluated based
on comparisons with known owl locations and
by other criteria.  In this way, the susceptibility
of the habitat suitability map to data err or was
quantified, and dif ferent realizations of the
habitat areas with corrections based on esti-
mated map inaccuracies wer e made available
for the population modeling pr ocess being done
for the owl by the USDA For est Service.

The Natur e of W ildlife Habitats and
Habitat Models

There has been an incr ease in wildlife habitat
modeling r ecently, but it has been noted that
empirical testing of these models has been
neglected (Chalk 1986, Stoms et al. 1992).  Pr e-
dictive wildlife habitat models, often cr eated
deductively by using expert opinions of r ela-
tionships and variables, can potentially lead to
erroneous conclusions.  When the model
wrongly predicts species presence, and the
species is absent, this is a T ype I error.  If the
model is used to pur chase, or set aside land for
habitat, this could be costly.  When the model
wrongly predicts absence, and the species is
present, or a Type II error, this can be mor e
critical, for example, when the model is being
used to pr edict impacts on habitats for endan-
gered or thr eatened species (Morrison et al.
1992).

In summary, wildlife habitat models examine a
complex system.  An attempt must be made to
identify all the important components of this
system with as much accuracy as possible and
relate them to one another .  They must be well
understood and evaluated for accurate pr edic-
tion of futur e events (Anderson and Gutzwiller
1994).
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 Evaluating the Sensitivity of Habitat
Suitability Models

In complex decision-making, sensitivity anal-
ysis for modeling land use suitability is origin-
ally an urban planning concept, an experiment
that involves a systematic manipulation of vari-
ables or factors within a study to see how other
variables are affected.  This can ensur e that
criteria ar e relevant and reduce uncertainty,
testing the r obustness, or imperviousness to
perturbation of the decision model (Alexander
1989).

Lodwick et al. (1990) describe a sensitivity
analysis using a GIS.  The analysis is defined
as “...the study of the ef fects of imposed
perturbations (varia-tions) on the inputs of a
geographical analysis on the outputs of that
analysis.”   The ability of a GIS to per form a
task “...repetitively with unchanging pr ecision
makes it an ef fective tool for this type of
modeling” (Lowry et al. 1995).

Stoms et al. (1992) estimated the sensitivity of
habitat models to uncertainty in input data for
the endangered California Condor ( Gymnogyps
californianus).  He concluded, that for GIS,
there is a need to acknowledge and quantify
uncertain-ties and “...incr ease our confidence
that GIS-based analysis pr ovides us with a
reasonable model...of (wildlife) habitat.”

 Habitat Fragmentation

Error in mapped habitat variables not only
affect their total estimated ar ea, but the esti-
mated spatial arrangement of habitat patches
as well.  The size, shape, spatial distribution,
and density of patches cr eate the degree of
habitat fragmentation within a landscape
(Ripple et al. 1991).  Habitat fragmentation was
used in this r esearch as a tool to analyze the
effects of the sensitivity analysis model on out-
put habitat patches.  Fragmentation can be
defined by its actions, a r eduction in habitat
area, and an increase in the isolation of habitat
patches (Morrison et al. 1992, Wilcove 1985).

Fragmentation can lead to the isolation of a
population causing incr eased risk from natural
catastrophes, genetic inbr eeding depression, or
demographic variability.  It has been shown
that for species associated with for est interiors,
especially populations associated with a
specialized forest stand type, such as the

Spotted Owl, the degr ee of fragmentation will
cause a corr esponding decline in population
(Hunter et al. 1995, Morrison et al. 1992, Usher
1987).  The idea of fragmentation also
addresses such issues as the effects of habitat
patch size and connectivity on Spotted Owl
population stability.  Gutierr ez and Pritchar d
(1990) predict that the ability of juvenile owls
to find vacant habitat will be critical to the
health of populations in managed for ests.

THE CALIFORNIA SPOTTED OWL

 Geographic Range of the Spotted Owl in
Souther n Califor nia

The entir e range of the Califor nia Spotted Owl
is from the souther n Cascades through the
Sierra Nevadas, throughout the mountain
ranges of souther n California, and into the
central Coast Ranges into Monter ey county
(Beck and Gould 1992).  Gutierr ez et al. (1995)
extend the range south to Sierra San Pedr o
Martir in norther n Baja California.  In souther n
California, the Spotted Owl is found on 11
major mountain ranges (fig. 1).  The majority of
Spotted Owl populations in souther n California
are on National For est lands, including the
Angeles, San Bernardino, Cleveland, and Los
Padres National For ests (Beck and Gould
1992).

 Patter ns of Habitat Use

California Spotted Owls occur in thr ee distinct
forest types in souther n California.  The distri-
bution of these types is generally divided by
elevation, with a riparian har dwood habitat
below 1,200 m, Douglas-fir ( Pseudotsuga men-
ziesii)/live oak woodland (Quercus ssp.) forest
between 900 and 1,800 m, and mixed conifer
between 1,500 and 2,400 m.  Forty-one per cent
of the owl sites in souther n California occur in
the big-cone Douglas-fir/live oak woodland
community.  The patches of for est they inhabit
are dense and matur e, requiring between 200
and 1,000 ha of forest per pair of bir ds (Verner
et al. 1992).

California Spotted Owls are intolerant of high
temperatur es, seeking cool, shaded, thick
(greater than 70 per cent canopy cover) nesting
sites.  They avoid grasslands, chaparral, and
open-canopied habitats (Gutierr ez and Pritch-
ard 1990, Verner et al. 1992).  Nesting tr ees are
usually large, with a diameter at br east height
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of around 94 cm.  Foraging ar eas are similar,
but usually have lower canopy cover , usually
40 to 70 per cent.  The for est structur e is
usually complex, with tr ees in different dia-
meter classes, but with a unifor m presence of
large trees greater than 90 cm diameter at
breast height (Verner et al. 1992).

There are gaps between the isolated mountain
ranges that constitute owl habitat in souther n
California that may r estrict movement.  The
separation of suitable habitat by ar eas of urban
development, major highways, and hot, dry
lowlands is a major problem for owl dispersal.
A primary concer n is that this isolation will
worsen.  Major thr eats to souther n California

habitats include incr eased areas of urbaniza-
tion and r ecreation, wildfires, and ground-
water extraction.  Ther e are considerable
private land holdings within National For est
boundaries which include heavily traf ficked,
rapidly developing recreational areas (Beck and
Gould 1992).  For example, in the San
Bernardino National For est, if these pr esent
trends continue, including the rapid gr owth of
mountain r esorts like Lake Arr owhead, the owl
population is expected to decline by 50 per cent
in 4 years (LaHaye and Gutierr ez 1994, Noon
and McKelvey 1992, Stephenson 1991).  It is
becoming clear that the most important habitat
variable for spotted owls in souther n California
is the distribution and shape of contiguous
areas of suitable habitat (Gutierr ez and
Pritchar d 1990, Lamberson et al. 1994).

Figure 1.—Shaded areas show islands of population for the southern California Spotted Owl in
Cailifornia.  Source:  Verner et al. (1992).
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METHODS

Description of the Study Ar ea and
Owl Sighting Data

The area used for this study is the San Ber n-
ardino Mountains, which ar e contained within
the San Ber nardino National For est (fig. 2).
Seventy km (43 miles) east of Los Angeles,
these mountains ar e the largest contiguous
area of suitable Califor nia Spotted Owl habitat
in souther n California (LaHaye and Gutierr ez

1994).  The Spotted Owl population her e is also
the largest in the souther n Califor nia region,
and the most thor oughly surveyed (Stephenson
1991).  Since 1987, LaHaye and Gutierr ez have
made yearly population surveys.  This ar ea
(1,890 km 2) is bounded on the north, east, and
south by the National For est boundary, and on
the west by Interstate Highway 15 (LaHaye and
Gutierr ez 1994).  This population is lar ge
enough (145 known territories) for demographic
studies, but at the same time, small enough to
monitor .

Figure 2.—The San Bernardino mountains Spotted Owl study area, southern California.  Source:
LaHaye and Gutierrez (1994).

222



This research uses 629 known owl sightings
documented by LaHaye and Gutierr ez (1994).
The locations of each sighting wer e recorded in
UTM coor dinates, and digitized into an Ar c/
Info point coverage.  This point coverage was
then converted into a Grid raster coverage with
25 x 25 m pixels for analysis.  Due to over -
lapping locations within pixels, ther e are 428
pixels in the Grid raster coverage that contain
owl locations.

 Description of V egetation Data

The data used in this study to r epresent
mapped habitat variables are the result of a
project utilizing r emotely sensed data and GIS-
modeling to map existing vegetation in the
National For ests of Souther n California for the
USDA For est Service.  These maps pr ovide a
digital database of existing vegetation and
forest cover and structur e for land cover
inventory, ecosystem management planning,
and timber inventory of National For est lands
(Franklin and Stephenson 1996, Franklin and
Woodcock 1997).  The softwar e used included
Image Processing Workbench, and ARC/INFO
Grid as a GIS.  The Calveg vegetation
classification system was used.  This is a
standard statewide vegetation classification
system developed by the USDA For est Service
(Forest Service, Region 5, 1994).  The attributes
of these vegetation maps included vegetation
classes, as well as estimates of canopy cover
and tree crown size, and they were in a GIS
database.

Accuracy Analysis of Map Data

The reference data used to estimate the accur -
acy of vegetation classification, canopy cover
percentage, and cr own size class were gathered
as training sites by Harry L. Bowlin, a pr ofes-
sional forester and consultant for the mapping
project.  He photointerpr eted stands of desig-
nated vegetation classes, and estimated canopy
percentage and crown size class for each stand.
We created error matrices (Jensen 1996) by
comparing the vegetation class and attributes
of each stand (126 conifer stands, 97 har dwood
stands) to the classes and values for the same
stands in the digital maps.  Based on the
resulting err or matrices, estimates wer e then
made of the approximate err or in the map
labels.

 Description of Sensitivity Analysis

The maps used in the sensitivity analysis wer e
derived from the final map pr oducts deliver ed
to the For est Service (figs. 3, 4, and 5).  These
were produced in ARC/INFO Grid for mat with
25 m pixels, and a subar ea was selected to
represent the major owl habitat ar ea.

To implement the changes in the maps which
would represent the estimated mapping err ors
in vegetation class, canopy cover , and crown
size found in the err or matrix, pr ograms were
written in Ar c Macr o Language (AML) to mask
ARC/INFO Grid pixels into the original poly-
gons, and then randomly choose a specified
percentage of pixels fr om the segments of each
class, and change them into another class.

The percentages of pixels to be r eassigned
among the dif ferent classes were derived from
the err or matrices and inserted into the AML
programs, which were then used to assign
randomly located changes in class labels in a
series of 10 replications each for the vegetation,
canopy cover, and crown size maps of the area.
Then the r esulting maps were combined into
six combinations of map change scenarios for a
total of 60 iterations.  The map classes wer e
given scores of habitat value (1 thr ough 99)
using a scor e assessment developed by John
Stephenson (pers. comm.).  W e then chose, in
consultation with Stephenson, a thr eshold
value of 27 to distinguish between suitable and
unsuitable habitat.  The ar ea of vegetation
types important as spotted owl habitat
(Douglas-fir , mixed conifer , black oak ( Quercus
kelloggii), and live oak (Quercus ssp.) woodland)
were compar ed with the original for est map.
Also areas of canopy cover and cr own size
classes were compared with values in the
unchanged map.  The ability of these simulated
corr ections to significantly alter the r esulting
habitat suitability map was analyzed.  A
Wilcoxon signed rank non-parametric test was
used for all significance tests, and the null
hypothesis of no dif ference was rejected when p
< 0.05.

Binary maps were then cr eated from the 60
altered maps and the original unchanged map
of either acceptable (1) or unacceptable (no
data) areas for owl habitat based on a thr esh-
old value of 27 for suitable habitat.  The ar ea of
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acceptable habitat in each of the 60 binary
maps was compared with the original map.  W e
then compar ed the difference in the ability of
the original habitat suitability map and those
with simulated corr ections to captur e the
actual documented owl sighting locations.

 Analysis of the Ef fects of Simulated Map
Err or on Landscape Patter ns of Habitat

The landscape patter n analysis software
FRAGSTATS was used to evaluate the effect of
simulated map corr ections on spatial patter ns
in the pr edicted owl habitat (McGarigal and
Marks 1994).  The 60 binary maps of habitat/
non-habitat wer e evaluated using seven land-
scape indices chosen to best r epresent the
changes in the spatial patter n of the habitat
and the landscape.  Mor e detailed explanations
of those specific indices can be found in
McGarigal and Marks (1994), and Ripple et al.
(1991).  As in Ripple et al. (1991), the measur es
chosen were related to the size, shape, distri-
bution, and density of habitat patches.  For
each index, the mean values for each combina-
tion of changed maps wer e then compar ed to
the values for the original map.

RESUL TS

 Estimating Map Uncertainty and Cr eation
of the Sensitivity Model

Table 1 shows a sample of the err or matrices
created to assess the accuracy of the vegetation
types, as mapped for both conifer and har d-
wood species.  The overall accuracy for vegeta-
tion classes sampled was 73 percent.  Based on

Table 1.—Error matrix of vegetation class accuracy for the San Bernardino National Forest, Califor-
nia, showing the true class membership of training sites based on photointerpretation, versus the
label received in the original map.

the err or matrix, decisions wer e made con-
cerning the dir ections and per centages of
changes for each vegetation class concer ned.

Here is an example of how the r esulting rules
were used to cr eate the input maps for the
sensitivity model.  The rules wer e mostly
formulated by using the net omission and
commission err ors within each category.  For
example, 21 per cent of the samples mapped as
black oak were photointerpr eted to be live oak
woodland, while 3 percent of the live oak wood-
land stands in the map wer e photointerpr eted
as black oak.  Ther efore, in the simulation, we
designated that 18 percent of the black oak
pixels would be changed to live oak woodland
in the map r eplicates.  In the same manner , 17
percent of mixed conifer pixels wer e changed to
black oak, 16 per cent of Douglas-fir to live oak
woodland, 7 percent of subalpine conifer to
mixed conifer , and 4 percent of mixed conifer to
live oak woodland.

Since chaparral is so extensive in the San
Bernardino forest area, some of the chaparral
pixels, if chosen randomly by the model and
assigned a forest vegetation type, would land in
totally impr obable habitat areas.  Since
souther n California Spotted Owls are known to
prefer riparian areas,  we created a 200 m
buffer around str eams (John Stephenson, pers.
comm.), and the chaparral pixels within that
restricted area were used to simulate labeling
errors between chaparral and for est classes.
Based on estimated commis-sion and omission
errors, we estimated a 10 percent net err or.
The amount of pixels in-cluded in the str eam
buffer was approximately 50 per cent of the
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total pixels for chaparral, so 5 per cent of the
buffered chaparral pixels were randomly
changed to live oak woodland, and another 5
percent to Douglas-fir .

For canopy cover and cr own size, the overall
accuracy showed poor agreement, particularly
for the har dwood species.  Specific biases were
noted towards class 2 in conifer cover , class 4
in conifer size, and class 3 in har dwood size.
Similar vegetation mapping pr ojects have also
shown that especially the size estimates derived
with these methods ar e unreliable (Woodcock et
al. 1994).  Also, the sample size per class was
quite small, even to develop r ough estimates of
the direction and magnitude of map err or.
Therefore, for both canopy and size, it was
decided to first add an incr ease of one class to
10 percent of randomly selected pixels in each
class, and then subtract a class fr om 10 per -
cent of the pixels in each class.

Figure 6.—Results of sensitivity analysis, San Bernardino National Forest, California:  Suitable
habitat areas for each corrected change category:  Vegetation, canopy cover, and crown size
changes; changes in vegetation and canopy cover (vegcan); in vegetation and crown size
(vegsize); and in vegetation, canopy cover, and crown size (vegcansize).

 Implementation of the Sensitivity Model

After the habitat value scor es were applied to
the 60 simulated maps, binary maps wer e
created for each one showing the number and
pattern of acceptable habitat pixels using the
threshold habitat scor e of 27.  Figur e 6 depicts
the variation in class ar ea among map itera-
tions as compar ed to the original number of
pixels for mixed conifer , black oak, live oak
woodland, and bigcone Douglas-fir .  For canopy
cover and cr own size, the differences are not as
great because we changed fewer pixels.  Table
2A summarizes the r esults of these significance
tests.  The p-value in each case shows that the
differences were significant.

In the binary maps of suitable/non-suitable
habitat, the simulations added to the number
of acceptable habitat pixels in the original map
(fig. 7).  This is due to the natur e of the err ors
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Figure 7.—Results of sensitivity analysis:  Comparison of binary maps of suitable habitat area
(pixels with a suitable habitat score HS ≤ 27).  (A) Suitable habitat in original map; (B) Suitable
habitat in map resulting from all combinations of map changes.
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in the original map that consisted of omissions
from important habitat types.  For changes
only in canopy cover , this amounted to ar ound
25 ha, with size changes adding slightly mor e.
Changes in vegetation classes consistently
added more pixels, with just vegetation class
simulations adding at least 175 ha, and in-
creasing with further changes, adding almost
25 more ha per map when all thr ee attributes
were altered.  Table 2B shows significant dif-
ferences due to these changes.

We then examined the number of actual owl
sighting locations contained in pr edicted areas
of suitable habitat to see if the dif ferent combi-
nations of map changes had a significant ef fect
on the number of those locations.  The r esults
were not statistically significant in all instances
except changes in cr own size (table 2C).

Summary of Landscape Patter n
Measur ements

The various map simulations af fected the frag-
mentation indices significantly, in all of the
combinations of vegetation changes (table 3).
Only canopy and cr own size changes for Patch
Size Standard Deviation and canopy changes
for the Double Log Fractal Dimension did not
change the fragmentation indices significantly.
This is interpr eted as resulting fr om the meth-
ods employed in this r esearch: we changed
fewer pixels for canopy and cr own size than for
vegetation classes.

DISCUSSION AND CONCLUSIONS

Changes in vegetation class labels, especially
combined with changes in canopy and cr own
size, created landscapes with a greater number
of patches, smaller , closer together , with
greater variation of size, and less complicated
shapes.  In weighing these factors, some, such
as a greater number of patches that ar e closer
together, and in less complicated shapes, seem
to denote a landscape area with a more favor-
able configuration of Spotted Owl habitat.  At
the same time, these smaller patches, with less
unifor m size, seem to suggest an actual patter n
of habitat that is mor e fragmented and possibly
unsuited for the long-ter m survival of the
species.

Figure 7 is a binary map of suitable habitat
area from the original map as compar ed to the
same showing pixels added by all combined
change combinations.  The maps show that

much of the suitable habitat ar ea added in the
simulations is outside of the higher mountain-
ous areas and in the riparian buf fer in the
chaparral zone.  The vegetation class labels
were changed to corr ect estimated map err ors,
and therefore the majority of pixels added were
to black oak, live oak woodland, and Douglas-
fir classes.  Pixels were lost from higher eleva-
tion conifer categories such as mixed conifer
and subalpine conifer .  This possible incorr ect
assignment of vegetation classes in the original,
or unchanged, for est map could have been
caused by the criteria used for life for m classifi-
cation by the USDA For est Service.  The rule
that conifer stands wer e defined as having ≥10
per-cent of conifer cover (Franklin and
Woodcock 1997) caused mixed conifer/
hardwood stands to have a primary vegetation
class label corr esponding to a small per centage
of conifer com-position.

While riparian ar eas suitable for Spotted Owl
habitat were added in the simulations, the
corr espondence between numbers of known
Spotted Owl locations, and the number pr edict-
ed from the habitat map, was not significantly
increased by adding these areas.  Scale could
have been a factor in the number of known
Spotted Owl locations captur ed in both the
original and corr ected, or simulated, maps.
Hunter et al. (1995) found that spatial scale
was a critical factor in finding land cover types
that include Spotted Owl nests.  The minimum
mapping unit of the vegetation map for this
research, as represented by the size of each
polygon, may have been too lar ge for the accu-
rate measurement of small narr ow riparian
areas used as potential owl nesting sites.  The
generalization of vegetation classification within
each polygon can miss detecting small topo-
graphic featur es within the landscape that ar e
important as suitable habitat ar eas.  Bowser
(1996) concluded that the r esolution of GIS
map layers can impose an unr ealistic decision-
scale when representing the ecological r e-
straints of an animal.   In a case such as this,
where the minimum mapping unit of the map
is suspected of not identifying potentially
important habitat featur es, further testing
could be done.  A sample ar ea could be chosen,
and the automated polygon delineation r edone
at a smaller scale before the life for m classifica-
tion.  Then the mapping pr ocess could be
completed and the sensitivity analysis r edone.
A smaller minimum mapping unit, however ,
may introduce cost or computer space con-
straints due to incr eases in computer usage.

231



2nd Owl Symposium

Table 3.—Sensitivity analysis results:  differences in landscape fragmentation indices between
original and corrected maps with different types of map changes.
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Also, image classification may not be able to
resolve forest type and structur e at this finer
scale, and time-consuming and costly photo-
interpr etation would be r equired to refine the
more detailed habitat map.

If the maximum amount of habitat ar eas pre-
dicted were preserved, based on the corr ections
made for estimated map err ors in vegetation,
canopy cover, and crown size class, the effect
on the long-ter m survival of metapopulations of
the Spotted Owl in this ar ea is not known.  The
smaller patches shown in the corr ected maps,
closer together , and in gr eater density (as
shown by the fragmentation statistics), still
might be valuable as mar ginal habitat, and
possibly useful for dispersal.  They could be big
enough for nesting, surr ounded by small areas
valuable for foraging.  Pr eviously, we mentioned
the variability in r esearchers’ determinations of
ideal territory size for the Califor nia Spotted
Owl, with an overall estimation of 200-1,000 ha
depending on elevation and pr ey density (Ver-
ner et al. 1992).  While the importance of for est
composition and structur e are known (Verner
et al. 1992), the ef fect of habitat fragmentation,
both pr esent and projected, is the subject of
ongoing r esearch using population model simu-
lations being developed by Schumaker (in
press) and Stephenson (Master’s thesis in
progress).

The changes made in the sensitivity analysis
attempted to corr ect err or in map classification
by reassigning specified percentages of pixels
among classes.  This should have made the
resulting corr ected maps mor e accurate both in
themselves, and in the estimation of possible
habitat area.  The map r eplications r epresented
different possible r ealizations of the spatial
distribution of map classes.  The magnitude
and direction of err or assessed for the original
map indicates that owl habitat ar ea is under -
estimated, specifically in r epresenting marginal
habitat.  The simulated corr ections indicate
that this additional habitat is in small patches
outside the cor e habitat area, but this may be
due to one of the assumptions made in gener -
ating the map changes (randomly choosing
stands or segments for label r eassignment).
This may not have been a r easonable assump-
tion.  Err ors in a mapping pr ocess tend to be
spatially autocorr elated, and would occur along
ecotonal boundaries, potentially for ming larger,
more cluster ed habitat patches.  This could be
simulated by making vegetation class changes
based on parameters r elated to the distribution

of these classes, such as the combination of
slope, aspect, and elevation used in pr edicting
the forest cover type from terrain rules, or
proximity to known owl locations.  T o imple-
ment this suggestion, we would r ecommend
that:  (1) the gradient models be used to alter
the pr obability of the location of the addition or
subtraction of pixels in the sensitivity model for
different vegetation types; and (2) buf fers be
created around ecotonal boundaries, thus
creating an area for possible habitat corr ec-
tions mor e reflective of realistic error possibili-
ties.

An additional method, based on pr oximity to
known spotted owl locations, would be to
develop a trend sur face model to describe the
locational tr ends in spotted owl habitat use
(Periera and Itami 1991).  This could be used to
revise the probabilities of a pixel being suitable
for owl habitat based on prior knowledge of
spotted owl habitat pr eferences.  As we stated
above, the eventual consequences of these
differences in the estimated habitat ar ea and
patterns on population viability can only be
explored via population modeling, and ar e
especially critical because of contr oversy about
habitat r equirements and configuration.

The utility of this study could also be impr oved
by increasing the percentage of change for can-
opy and crown size, and making those among-
class changes reflective of the estimated err ors.
Changing 10 per cent of each class may have
been too conservative for the low accuracy of
the data found in the original canopy and
crown size maps, and did not r eflect the label-
ing bias that was observed.  Therefore, the
results of the simulations for size and cover
labels are less useful than those for vegetation
class changes.

There is a gap between the subjectivity found
in decision-making pr ocesses based on this
kind of map data, and the objectivity needed for
scientific methods.  Sensitivity analysis can be
a useful framework within which to r e-scale
and re-weigh the various factors involved.  Geo-
graphic Infor mation Systems ar e increasingly
being used in conservation biology and wildlife
management for habitat modeling, population
simulation modeling, and r eserve design, and
are appropriate for the r epetition and r e-
assessment of the changes pr oduced from a
sensitivity analysis model.  Dif ferent realiza-
tions of mapped distributions can be both
visually and statistically compar ed and
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adjusted as needed.  Careful research based on
the output of these simulations is a further
step in closing that gap.

While GIS is an ef ficient and “...virtually err or -
free system for manipulating map data, the
data being processed are often of variable pr e-
cision” (Openshaw 1989).  Models of err or need
to be developed and used routinely or the use-
fulness of GIS will be compr omised (Chrisman
1989, Veregin 1989).  User awareness as to the
extent of err or in spatial databases needs to be
impr oved,  and policy-makers whose decisions
are based on products of data transfor mation
processes should have a mor e accurate estim-
ate of their r eliability (Lanter and Veregin 1992,
Openshaw 1989).  Management decisions made
about species such as the Califor nia Spotted
Owl are critical to its survival, and must often
be made before its habitat associations can be
fully determined.  Sensitivity analysis can be
further developed to supply a knowledge of the
reliability of the assumptions that must be
made.
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