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LARGE-AREA GOSHAWK HABITAT MODELING IN
DIXIE NATIONAL FOREST USING VEGETATION AND

ELEVATION DATA

CARL JOHANSSON, PERRY J. HARDIN, AND CLAYTON M. WHITE

Abstract. To expedite the evaluation of potential Northern Goshawk (Accipiter gentilis) habitat in
Dixie National Forest, Utah, four computer models were designed to delineate areas where there was
high probability of finding goshawk nest sites. Digital elevation data and vegetation class information
derived from satellite imagery was acquired from the USDA Forest Service. These data were used to
determine diagnostic elevation and vegetation characteristics for 30 known nesting sites and their
associated post fledgling family areas (PFA). The first model, using elevation class as the only dis-
criminator, located 95% of the known goshawk nest sites within 50% of the Forest. Using vegetation
class in lieu of elevation, the second model located the same number of nest sites within 37% of the
Forest. The third model employed vegetation and elevation class concurrently. The amount of Forest
delineated to account for 95% of the goshawk nest sites dropped to 19%. By adding PFA information
to the vegetation and elevation data, the fourth model reduced the area of search to only 14% of the

Forest.
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The Northern Goshawk’s (Accipiter gentilis)
breeding habitat consists of mature forest patch-
es used for prey acquisition and nesting. The
decline of some local goshawk populations
(Crocker-Bedford 1990) has led to a Category 2
listing by the US Department of Interior (1991).

Searching for goshawk nests through large
patches of mature forests is time consuming and
laborious. Any model that could delimit poten-
tial goshawk nest sites within a study area based
on readily available, accurate, and inexpensive
data would be a valuable management tool. In
this paper, we present four models for predicting
potential goshawk nesting site habitat in Dixie
National Forest, Utah. These models evaluate
potential nesting territory habitat by manipulat-
ing digital elevation data and a digital vegetation
map.

METHODS
STUDY AREA

The Dixie National Forest encompasses 801,000
hectares in south central Utah. Vegetation distribution
in the Forest is complex, but is determined primarily
by elevation, slope, and aspect. Pinyon pine (Pinus
edulis) and Utah juniper (Juniperus osteosperma) are
prevalent below 2400 m elevation, whereas ponderosa
pine (Pinus ponderosa) is the most common tree be-
tween 2400 and 3050 m. A mixture of spruce (Picea
ssp.) and fir (4bies ssp.) predominates above 3050 m.
Patches of quaking aspen (Populus tremuloides) are
scattered throughout the forest, but cover only about
1% of the total area.

DATA COLLECTION

We conducted field work within the study area 13
June-27 August, 1991 and 17 May-28 August, 1992.
We verified previously located goshawk nests and
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searched for previously undiscovered nests within ar-
eas thought to be suitable goshawk habitat. We sur-
veyed areas within the study region using at least one
of three different methods. Some areas were surveyed
following the call playback protocol of Kennedy and
Stahlecker (1993). Where the forest patch was long and
thin (<300 m wide) the playback protocol was adjusted
by bending the transect line to permit us to remain on
the hypothetical center-line of the strip. As a third
alternative, we would walk slowly through suspected
habitat, listening for goshawk vocalizations while look-
ing for plucking perches, nests, or other indicators of
goshawks.

Active goshawk nests were easily identified, whereas

TABLE 1. ELEVATION CLASSES WITHIN THE DIXIE NA-
TIONAL FOREST STUDY AREA. ALL LOCATED GOSHAWK
NEsT SiTES WERE FOUND BETWEEN 2350-3100 M

Number of known Study area
goshawk nest within
sites within elevation class
Elevation class elevation class %,
<1300 0 1.2
1300-1450 0 1.1
1450-1600 0 2.1
1600-1750 0 4.0
1750~1900 0 6.7
1900-2050 0 8.2
2050-2200 0 13.3
2200-2350 0 14.9
2350-2500 3 14.8
2500-2650 13 9.9
2650-2800 4 8.7
2800-2950 5 6.0
2950-3100 5 5.1
3100-3250 0 2.2
>3250 0 2.0
Total 30
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TABLE 2. VEGETATION CLASSES WITHIN THE DIXIE NATIONAL FOREST STUDY AREA. WITH EXCEPTION OF
PONDEROSA PINE/JUNIPER TRANSITION, GOSHAWK NESTS WERE FOUND WITHIN ALL VEGETATION CLASSES

Number of known
goshawk nest sites Study area composed
Vegetation class within vegetation class of vegetation (%)

Aspen 1 1.1
Aspen/conifer 2 44
Pinyon pine/juniper 4 14.8
Ponderosa pine (high density) 6 4.7
Mixed conifer (low density) 1 34
Mixed conifer (high density) 8 7.9
Nonforested 3 55.3
Ponderosa pine (low density) 3 3.9
Ponderosa pine/mixed conifer transition 2 2.7
Ponderosa pine/juniper transition 0 1.8

Total

w
o

inactive goshawk nests were distinguished from other
species’ nests by the estimated size of the nest, size of
the nesting tree, height of the tree, local canopy cover
within a 100-m radius of the tree, and size of the sticks
used in the nest construction. Whereas heights and
canopy cover were measured with a clinometer and
densiometer respectively, we estimated the size of the
nest and its sticks visually. When these criteria sug-
gested a goshawk nest, we would examine the imme-
diate area for definitive evidence of occupancy such as
feathers, plucking perches, egg shell fragments, and prey
remains. If a goshawk nest was found, its location was
recorded using a Magellan Nav 5000 global positioning
unit (GPU).

GIS DATA BasE

Maps of elevation and vegetation were provided by
the USDA Forest Service (USFS) for potential goshawk
nesting habitat elevation. Already in digitized grid-cell
(i.e., raster) format, these maps were imported into an
Intergraph geographic information system (GIS). Both
data sets of 796,770 grid cells covered the entire Dixie
National Forest and adjacent areas with a grid cell
resolution of 120 m. The elevation map divided the
study area into 15 equal elevation classes of 150 ver-

tical meters. Table 1 presents the 15 elevation classes,
the proportion of study area belonging to each, and
number of located nest sites found within each class.
The second digitized map contained ten broad vege-
tation community classes derived from USFS analysis
of Landsat satellite imagery (Table 2).

CONSTRUCTING THE PFA VEGETATION
FREQUENCY MAPS

The models we created were designed to discriminate
between known goshawk nest sites and surrounding
areas. Given the data sets provided, we decided to base
this discrimination on three factors: (1) the dominant
vegetation class of the nest site itself, (2) the elevation
class of the nest site, and (3) the vegetation community
composition within the post-fledgling family area (PFA).
Where unconstrained by lakes or other landscape fea-
tures, this PFA was originally defined as the 242.8
hectare (600 acre) circular zone centered on a nesting
site (Reynolds et al. 1992). However, because of soft-
ware limitations and the finite 120 meter grid cell size,
a square PFA was assumed in this analysis.

Determining the PFA vegetation community com-
position for a cell was a multiple step process. As shown

TABLE 3. AVERAGE VEGETATION COMMUNITY CHARACTERISTICS OF POST FLEDGLING FAMILY AREAS (PFA) FOR
30 NEest SITES
Number of cells within PFA
possessing vegetation class
(N = 30 nest site PFAs)
Vegetation class (ce“l,ls) sD
Aspen 4.21 6.57
Aspen/conifer 24.12 22.35
Pinyon pine/juniper 10.70 12.79
Ponderosa pine (high density) 28.67 25.21
Mixed conifer (low density) 6.24 12.88
Mixed conifer (high density) 36.30 32.26
Nonforested 29.48 25.82
Ponderosa pine (low density) 7.30 8.81
Ponderosa pine/mixed conifer transition 15.21 11.95
Ponderosa pine/juniper transition 3.64 8.70
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FIGURE 1.

frequency map

PFA value calculation for a single cell in the vegetation map is a three step process. In performing

this calculation for every cell in the study area, the “sliding window” is placed over each cell successively, and
the three step process is repeated. Step 1: A sliding window defining the PFA is centered over a cell in the
original map. Step 2: The cells for each vegetation class are isolated within the sliding window and counted.
Step 3: The counts are placed in the PFA frequency map cells which correspond to the center of the sliding

window.

in Figure 1, a “sliding window” defining the 242.8
hectare PFA was centered over the cell’s location on
the digital vegetation map. The cells for each of the
ten vegetation classes within the sliding window were
then counted. The resulting counts for each of the ten
vegetation classes were next placed into new PFA fre-
quency maps at the cell location corresponding to the
center of the window (Fig. 1, Step 3). To map the PFA

vegetation community composition for the entire study
area, this process was repeated for each of the 796,770
cells defining the Forest. The result of this process was
ten PFA frequency maps, one corresponding to each
vegetation class. Once completed, we located the 30
nest sites on the PFA vegetation frequency maps. The
PFA composition of the 30 nest sites is summarized
in Table 3.
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TABLE 4. ORDER OF SEARCH ACCORDING TO MODEL
I. ORDER 1S DETERMINED BY RANKING OBSERVED —
ExPECTED DIFFERENCES FROM HIGH TO Low

Known goshawk
nest sites
(N =30)

Observed

Order of minus
search Elevation class Observed expected
1 2500-2650 13 10.05
2 2950-3100 5 3.49

3 2800-2950 5 3.21
4 2650-2800 4 1.38
5 1300-1450 0 —0.33
6 <1300 0 —0.36
7 >3250 0 —0.59
8 1450-1600 0 —0.64
9 3100-3250 0 -0.65
10 1600-1750 0 —1.21
11 2350-2500 3 —1.45
12 1750-1900 0 —2.00
13 1900-2050 0 —2.46
14 2050-2200 0 —3.98
15 2200-2350 0 —4.46

BUILDING THE MODELS

We built four models of goshawk nesting site location
based on differences between observed and expected
distributions of nest sites within different categories of
elevation and vegetation (e.g., Fienberg 1980). Model
I was based on elevation, Model IT on vegetation class-
es, and Model III on both. Model IV used the PFA
vegetation community composition in addition to el-
evation and vegetation. This model used a heuristic
approach that combined the observed—expected dif-
ferences with similarity measures used in cluster anai-
ysis. The interested reader should consult Spath (1980,
1985) for a discussion of these measures.

Based on the null hypothesis that no relationship
existed between goshawk nest site location and ele-

TABLE 5.

vation class, Model I predicts the percentage of the 30
goshawk nest sites located within an elevation class to
be equal to the percentage of the study area covered
by the class. Subtracting the number of goshawk nest-
ing sites expected in an elevation class from the number
observed and ranking the differences from high to low,
the elevation classes are ordered in a sequence that,
when used for field work, would maximize the number
of goshawk nest sites found while minimizing the area
searched (Table 4). This assumes that the 30 nest sites
and their distribution were representative of all nest
sites still not found in the Forest. The logic for the
model predicted only on vegetation (Model II) was
identical (Table 5).

The correlation between the ten vegetation classes
and 15 elevation classes was low, producing a Good-
man and Kruskal’s 7, (Blalock 1979) of only 0.26. Be-
cause of this, Model III incorporated both factors. The
ten elevation classes where no goshawk nest sites were
found (see Table 1) were discarded from further con-
sideration, and every remaining possible combination
of vegetation and elevation in the study area was de-
termined from the digital maps. The number of gos-
hawk nest sites observed and expected in each com-
bination of elevation and vegetation was also
determined by simple inspection of the maps. As be-
fore, the differences produced when subtracting the ex-
pected from the observed nest site count for each com-
bination were sorted to generate an orderly search
sequence. This model is represented by Table 6.

Whereas the first three models were based on prob-
ability, Model IV used a new heuristic approach. We
devised a fourth model because the simple models based
on elevation and vegetation did not incorporate PFA
characteristics and all the models appeared to delimit
too much of the forest to be of practical value.

Given our experience with the previous models, we
defined three broad probability classes based on the
combined categories of vegetation and elevation used
in Model II1. Class 1 consisted of areas where the ob-
served—expected difference was positive or zero. These
were locations where odds of finding goshawk nest sites
would be no worse than expected. Class 2 consisted of
those areas where nest sites were observed, but where

ORDER OF SEARCH ACCORDING TO MODEL II. ORDER IS DETERMINED BY RANKING OB-
SERVED — EXPECTED DIFFERENCES FROM HIGH TO Low

Known goshawk nest sites
0)

Observed

minus
Order of search Vegetation class Observed expected
1 Mizxed conifer (high density) 8 5.63
2 Ponderosa pine (high density) 6 4.58
3 Ponderosa pine (low density) 3 1.83
4 Ponderosa pine/mixed conifer transi- 2 1.19

tion

5 Aspen/conifer 2 0.69
6 Aspen 1 0.67
7 Mizxed conifer (low density) 1 —-0.03
8 Pinyon pine/juniper 4 —0.45
9 Ponderosa pine/juniper transition 0 —-0.53
10 Nonforested 3 —13.60
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TABLE 6. ORDER OF SEARCH ACCORDING TO MopeL III. OrRDER 1S DETERMINED BY RANKING OB-
SERVED — EXPECTED DIFFERENCES FROM HIGH TO Low. LD = Low DeNsITY; HD = HIGH DENSITY; TRANS. =

TRANSITION
Known goshawk)nest sites
Observed
Order of minus
search Observed expected Nesting site vegetation class Elevation class (m)

1 4 3.21 Ponderosa pine (HD) 2500-2650

2 2 1.62 Mixed conifer (HD) 2500-2650

3 3 1.31 Pinyon pine/juniper 2500-2650

4 1 0.87 Aspen 2950-3100

5 2 0.84 Mixed conifer (HD) 2800-2950

6 1 0.80 Ponderosa pine/mixed conifer trans. 2800-2950

7 1 0.78 Mixed conifer (HD) 2350-2500

8 1 0.76 Ponderosa pine (LD) 2650-2800

9 1 0.74 Ponderosa pine (LD) 2500-2650
10 1 0.67 Aspen/conifer 2800-2950
11 1 0.66 Ponderosa pine (LD) 2950-3100
12 1 0.63 Ponderosa pine/mixed conifer trans. 2650-2800
13 1 0.59 Mixed conifer (LD) 2800-2950
14 1 0.53 Nonforested 2950-3100
15 1 0.52 Aspen/conifer 2500-2650
16 1 0.49 Mixed conifer (HD) 2650-2800
17 2 0.46 Mixed conifer (HD) 2950-3100
18 1 0.32 Ponderosa pine (HD) 2650-2800
19 1 0.23 Ponderosa pine (HD) 2350-2500
20 0 —-0.05 Aspen 2350-2500
21 0 -0.07 Mixed conifer (LD) 2350-2500
22 0 —-0.08 Ponderosa pine/mixed conifer trans. 2950-3100
23 0 -0.09 Aspen 2500-2650
24 0 —-0.12 Mixed conifer (LD) 2500-2650
25 2 -0.12 Nonforested 2500-2650
26 0 —0.15 Aspen 2650-2800
27 0 —0.18 Mixed conifer (LD) 2650-2800
28 0 —-0.20 Aspen 2800-2950
29 0 —-0.26 Aspen/conifer 2950-3100
30 0 —0.32 Aspen/conifer 2350-2500
31 0 —-0.40 Ponderosa pine/mixed conifer trans. 2350-2500
32 0 —0.45 Mixed conifer (LD) 2950-3100
33 0 —0.45 Ponderosa pine (LD) 2800-2950
34 0 —-0.47 Ponderosa pine/mixed conifer trans. 2500-2650
35 0 —0.48 Ponderosa pine (LD) 2350-2500
36 0 —-0.52 Aspen/conifer 2650-2800
37 0 -1.02 Nonforested 2800-2950
38 0 —1.11 Ponderosa pine/juniper trans. 2650-2800
39 1 —-1.49 Pinyon pine/juniper 2350-2500
40 0 —-1.72 Nonforested 2650-2800
41 0 —4.83 Nonforested 2350-2500

the observed—expected difference was negative. These
were areas where observation indicated that the prob-
ability of finding goshawk was greater than zero, but
where the odds were less than expected, given the area
to be searched. Class 3 consisted of areas where nest
sites were not observed.

We used the PFA information to stratify areas be-
longing to each of the three probability classes. The
goal of this refinement was to determine areas within
each probability class that had PFA characteristics
closely resembling the PFA characteristics of the nest
sites. In preparation for this step, the average PFA

vegetation frequency counts were determined for cells
in the study area belonging to each of the three prob-
ability classes individually (Table 7). The cell counts
for each vegetation class were then standardized using
the mean and standard deviation of cell counts across
the three combined classes (Table 7).

Using this prepared standardized PFA information,
an algorithm was utilized to assign each grid cell in the
map to a predicted “nest site similarity class”. The
algorithm generated three indicators for every cell in
the study area. The first indicator placed the cell into
either Class 1, Class 2, or Class 3, depending on the
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TABLE7. VEGETATION COMPOSITION OF POST FLEDGLING FAMILY AREAS (PFA) FOR THREE BROAD PROBABILITY
CrLAsses AND NEsT SiTES USED IN MODEL IV. VALUES USED TO NORMALIZE FREQUENCIES ARE ALSO SHOWN

Normalizing
values
(pooled classes
Mean grid cell frequency 1 through 3)
Class 1 Class 2 Class 3 Nest sites X
PFA vegetation class component {cells) (cells) (cells) (cells) (cells) SD
Aspen 5.1 0.7 4.2 44 3.4 12.69
Aspen/conifer 12.4 4.7 14.4 24.7 10.7 13.59
Pinyon pine/juniper 12.1 40.3 18.0 10.3 23.1 31.87
Ponderosa pine (high density) 11.6 10.3 15.0 30.8 12.4 15.51
Mixed conifer (low density) 10.0 1.3 9.7 6.6 7.2 14.42
Mixed conifer (high density) 19.4 3.2 38.7 39.0 21.4 31.80
Nonforested 53.1 85.8 36.4 24.2 57.3 42.44
Ponderosa pine (low density) 10.6 7.8 10.6 7.3 9.7 11.95
Ponderosa pine/mixed conifer transition 8.4 5.9 10.5 15.9 8.4 8.76
Ponderosa pine/juniper transition 10.3 1.5 6.8 4.0 6.3 12.21
observed-expected difference associated with the cell's RESULTS

vegetation and elevation class. The second indicator
was the observed—expected difference itself, rounded
off to an integer. The third was a “flag’ that indicated
whether the cell had PFA vegetation composition char-
acteristics similar to one of the 30 nest sites, or more
similar to the average PFAs of either Class 1, Class 2,
or Class 3 (see Table 7). Euclidean distance was used
to measure similarity; the smaller the Euclidean dis-
tance the greater the similarity. Table 8 shows the search
order built from these indicators.

Table 9 shows the results of the four models
for the entire Forest. The model based on veg-
etation class requires 49.6% of the forest to be
searched to account for 95% of the known nest
sites (i.e., 28.5 nests) whereas the elevation-based
model requires only 37.0% of the forest be
searched to account for the same number. The
third model, which takes into consideration both

TABLE 8. ORDER OF SEARCH ACCORDING TO MODEL 1V. MoODEL LoGIC 1s CAPABLE OF PRODUCING MORE
Crasses, BUT ONLY THE FIRST 20 ARE SHOWN IN THE TABLE. (PFA = PosT FLEDGLING FAMILY AREA)

Known goshawk

nest sites PFA vegetation Rounded
Order of observed Probability composition most observed — expected
search (N =30) class similar to difference’
1 4 Class 1 Nest site 3
2 2 Class 1 Nest site 2
3 15 Class 1 Nest site 1
4 4 Class 1 Nest site 0
5 0 Class 1 Class 1 3
6 0 Class 1 Class 1 2
7 1 Class 1 Class 1 1
8 1 Class 1 Class 1 0
9 2 Class 2 Nest site 0
10 1 Class 2 Nest site -1
11 0 Class 2 Class 1 0
12 0 Class 2 Class 1 -1
13 0 Class 3 Nest site 0
14 0 Class 3 Nest site -1
15 0 Class 3 Nest site -2
16 0 Class 3 Nest site -5
17 0 Class 3 Class 1 0
18 0 Class 3 Class 1 -1
19 0 Class 3 Class 1 -2
20 0 Class 3 Class 1 -5
! Values are from e t they were not obtained in this study area.
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cell elevation and vegetation class concurrently,
provides a much more efficient map product;
only 19.3% of the forest needs to be searched to
locate 95% of the goshawk nest sites. The fourth
model, which added the PFA information to the
other two criteria, was the best performer. In this
case 95% of the nest sites are found within only
13.7% of the forest.

DISCUSSION

We learned several things from the four mod-
els. We learned that elevation class was a more
efficient predictor of goshawk nest sites than was
vegetation class. We learned that vegetation class
or elevation class alone were less efficient pre-
dictors of goshawk nest site location than was
the combination of the two. We also learned that
the vegetation composition of the PFA provides
a small improvement in the model efficiency when
employed as a predictor in a heuristic fashion.

Based on the results of the second and third

models, the most important vegetation classes |

for search are apparently the high density mixed
conifer and all the ponderosa pine classes. Ig-
noring any other factor, 63% of the goshawk nest
sites are located within these classes, and their
density is greater than expected given the area
required to search. Nearly half the known gos-
hawk nest sites are also between 2500 and 2650
m. A nesting site search of this elevation zone
has good probability of success as well. If we were
limited to searching a small acreage zone with
the highest probability of success, we would se-

lect high density ponderosa pine and mixed co-

nifer between 2500-2650 m; 20% of the known
goshawk nest sites are located in this small per-
centage (4.8%) of forest.

Although the fourth model places 95% of the
known goshawk nest sites within 13.7% of the
forest, the model can be improved; nest site slope,
aspect, and proximity to water will be variables
added in the near future. We expect this infor-
mation will more completely delimit the high
priority search areas.

We are also verifying the model using two
methods: ground verification and simulation. To
facilitate ground verification, the computer will
select random locations within the classes de-
fined by Model IV (see Table 8). To insure ad-
equate coverage, these locations will be allocated
proportionally among the spatial areas of each
class. We will then visit each in turn and search

for goshawk nests using the methods described
previously. Nest-finding success rates will then
be compared to expected random occurrence rates
and evaluated statistically for agreement. Fur-
thermore, nest sites that were located after the
modeling process was initiated will be used to
validate the predictive value of the model. We
will also attempt to verify the models using boot-
strap simulation processes described by Will-
mott et al. (1985). These computationally inten-
sive simulation methods allow for the inclusion
of all the training data while withholding half for
verification. Estimates of bias and standard error
are produced as well.

Should verification prove our fourth model to
be sufficiently accurate, it may be possible to
predict the goshawk population within the Dixie
National Forest and establish confidence inter-
vals for that prediction. Application of this mod-
eling process in forests with different attributes
should be attempted and compared to the results
obtained within this study area.
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