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A Test of the Swainson’s Warbler Habitat
Suitability Index Model
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ABSTRACT We tested a recent Habitat Suitability Index (HSI) model proposed for the Swainson’s warbler
(Limnothlypus swainsonii; a species of conservation concern in the southeastern United States) using data on
habitat, bird occupancy, and abundance collected at White River National Wildlife Refuge, Saint Francis
National Forest, and Big Island in Arkansas between 2005 and 2010. The Swainson’s warbler HSI includes a
combination of 6 variables: landform, landcover, successional age class, forest patch size, proportion forest in
a 1-km radius, and small-stem density (<2.5 cm diam breast ht; these variables are combined to produce
scores ranging 0–1, representing unsuitable to optimal habitat. Mean HSI scores were significantly lower
(x¼ 0.65, n¼ 99) for sites occupied by Swainson’s warblers compared with unoccupied locations (x¼ 0.78,
n¼ 177) at White River National Wildlife Refuge and Big Island, contrary to our expectation for a useful
model. We also found that Swainson’s warbler abundances were not correlated with HSI scores both at Saint
Francis National Forest and at White River National Wildlife Refuge. Our tests of the current Swainson’s
warbler HSI model demonstrate that it was not an effective predictor of Swainson’s warbler occupancy and
was not a reliable indicator of warbler habitat at the scale of our study areas. We propose a new suitability
function called proportion elevation that takes relative elevation into account at potential sample locations
that may improve the model. Specifically, this function should index the likelihood a site is infrequently
flooded and should support the development of a thick understory, a habitat feature that has been
demonstrated to be important to Swainson’s warblers. � 2014 The Wildlife Society.
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Habitat Suitability Index (HSI) models provide a rapid
assessment that quantifies the relative potential of a habitat
to support a particular species (Prosser and Brooks 1998).
Individual habitat variables are scored on a standard scale of
0–1, and a composite HSI score is computed, also with a
range of 0–1 representing unsuitable to optimal habitat
(Brooks 1997). Starting in 1978, HSImodels were developed
to reflect hypotheses of species–habitat relationships and to
facilitate environmental impact studies (Schamberger and
Farmer 1982). Recent HSI models have incorporated
landscape scales by using large spatial data sets (Larson
et al. 2003, Rittenhouse et al., 2007, Tirpak et al. 2009b).
Seemingly, if HSI models can be applied to broader
landscape scales, they may be used to monitor wide-scale
species trends and have important conservation utility.
Although many HSI models have been developed, use of

these models is only justified in the context of providing
accurate suitability predictions for individual species (Prosser

and Brooks 1998). Habitat Suitability Index reliability can
only be tested objectively through a validation process.
Specifically, Brooks (1997) proposed a 4-stage process for
creating and testing HSI models: development, calibration,
verification, and validation, successful completion of which
allows HSI models to be used with confidence. The first 2
steps provide a framework for development of the model and
testing to ensure the model generates HSI scores from 0 to 1
(calibration). Verification consists of using an independent
set of sites and comparing generated HSI scores to ranks of
habitat quality at those sites using a different method
(Brooks 1997). Validation is a quantitative comparison of
HSI scores to population data, such as estimates of density or
reproductive success (Brooks 1997). Historically, only a few
models have been satisfactorily validated because of the high
cost of this process (Schamberger and O’Neil 1986). Of the
models that have gone through validation, some have been
supported (Lancia and Adams 1985), while others have
performed poorly (Soniat and Brody 1988, Roloff 1994,
Loukmas and Holbrook 2001). In either case, HSI models
can and should be adjusted and improved through the
process of validation (Brooks 1997).
The Swainson’s warbler (Limnothlypus swainsonii) is a

species of both regional and national conservation concern
(U.S. Fish andWildlife Service 2008); therefore, an effective
HSI model for this species could greatly facilitate conserva-
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tion efforts. The recent HSI model developed for Swainson’s
warblers (Tirpak et al. 2009b) could provide such a
conservation tool. This model has successfully passed
through the development, calibration, and verification stages
of Brooks’ (1997) process, but has not been validated (Tirpak
et al. 2009a). Here, we present the results from a direct field-
validation assessment of the Swainson’s warbler HSI model
at 3 sites in eastern Arkansas, USA. Habitat Suitability Index
models are based on the assumption that there is a direct
linear relationship between the index value and habitat
carrying capacity (U.S. Fish and Wildlife Service 1981).
Actual population metrics that may be evaluated that
represent carrying capacity may vary and could include
occupancy, density, or some measure of productivity (U.S.
Fish and Wildlife Service 1981). For our validation
assessment of this model, we used 2 tests. The first test
examined the values of model outputs at places where
Swainson’s warblers were present or absent (occupancy). For
satisfactory model performance, we expected the sites
occupied by Swainson’s warblers to have significantly higher
mean HSI scores (>0.5) than unoccupied sites (<0.5). The
second test correlated Swainson’s warbler abundance
estimates with mean model outputs generated for sample
forest stands within 2 study areas. For satisfactory model
performance, we expected for there to be a significant
positive relationship between Swainson’s warbler abundance
and forest stand HSI score.

STUDY AREA

To field-test the Swainson’s warbler HSI model, we used
data collected from 3 study sites in eastern Arkansas: White
River National Wildlife Refuge (White River NWR), Saint
Francis National Forest (Saint Francis NF), and Big Island.
Data in the first test of the model came from 2 studies.
Occupancy data at White River NWR were collected as part
of a study to determine Swainson’s warbler habitat use by
conducting systematic surveys throughout the refuge (Brown
et al. 2009). Occupancy data from Big Island were collected
as part of a study investigating habitat use of Swainson’s
warblers in an industrial forest. In the second test, we used
data from a relatively high-elevation area near Alligator Lake
in the southern portion of White River NWR and Saint
Francis NF, where we and other collaborators conducted
intensive studies on Swainson’s warblers (e.g., Benson et al.
2009).
White River NWR was one of the largest contiguous tracts

(64,800 ha) of remaining bottomland hardwoods in the
southeastern United States (Twedt and Loesch 1999).
Swainson’s warblers at White River NWR generally
occupied relatively higher elevation, less flood-prone areas
(Brown et al. 2009, Benson et al. 2011).
Saint Francis NF was a 9,100-ha mix of upland forest and

bottomland forest located at the southern tip of Crowley’s
Ridge. It was located in Lee and Phillips counties in
southeastern Arkansas and bordered to the east by the St.
Francis and Mississippi rivers. Areas occupied by Swainson’s
warblers in Saint Francis NF were along streams in upland

areas and in swamps within bottomland hardwood forest
(Anich et al. 2009).
Big Island was a large island (9,700 ha) bounded by the

White River to the north, the Arkansas River to the west,
and the Mississippi River to the east. The island was owned
by a forest-products company, Anderson-Tully, which
harvested timber there yearly; this resulted in habitat that
was a mosaic of different age stands of bottomland hardwood
forest. Dominant trees and understory shrubs in areas
occupied by Swainson’s warblers at Big Island was similar to
White River NWR (Benson et al. 2009). The habitat
structure at Big Island was characterized by a mid-story and a
thick understory of shrubs. This site was actively and
continuously logged and had much lower canopy cover and
fewer mature trees than White River NWR and Saint
Francis NF.

METHODS

Occupancy Determination
Test 1: Comparison of occupied versus unoccupied sites.—Data

collected at White River NWR were part of a study to
determine Swainson’s warbler occupancy and habitat use
(Brown et al. 2009). Broadcast surveys were conducted
between 1 April and 20 June in 2004 and 2005. This time
period corresponds with the establishment of territories and
when males are highly responsive to broadcast surveys.
Surveys were conducted during both years throughout the
refuge along a grid of transects at 200-m intervals,
corresponding to mean Swainson’s warbler territory size of
6.5 ha (Anich et al. 2009), at elevations >45m in the South
Unit and >48m in the North Unit of White River NWR
(Brown et al. 2009). Elevation cut-offs were established to
avoid annually flooded areas that were unlikely to support
vegetation densities preferred by Swainson’s warblers
(Benson and Bednarz 2010, Benson et al. 2011). Surveys
consisted of broadcasting the Swainson’s warbler primary
song for 90 seconds from a 2-speaker compact disc player,
followed by a listening period on both sides perpendicular to
the transect line (Brown et al. 2009). If a Swainson’s warbler
was observed or heard, the location was classified as occupied
by Swainson’s warblers.
We conducted surveys for Swainson’s warblers at Big Island

as part of a separate habitat use and occupancy study.
Broadcast surveys similar to those described above were
conducted in 2010. Surveys had to be conducted later in the
breeding season in 2010 (after 1 Jun) because of flooding of
theWhite River that limited access to Big Island. Two survey
points (200m apart) were systematically chosen within
>6.07-ha forest stands (x¼ 17.74 ha, range¼ 6.88–
29.91 ha) of 2 categories of canopy closure (13–25% or
26–50%). In total, we sampled 40 stands (80 survey points) in
Big Island.
Test 2: Relationship between Swainson’s Warbler abundance

and HSI scores.—Swainson’s warbler abundance estimates for
each stand within White River NWR and Saint Francis NF
were generated from a study of forest management (Roa-
Vásquez 2010). This study surveyed for Swainson’s warblers
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in randomly selected previously occupied territories docu-
mented between 2005 and 2007 (Anich et al. 2009, Benson
et al. 2009) within forest stands at both White River NWR
and Saint Francis NF. The number of survey locations within
stands varied (2–19/stand) based on the number of randomly
selected previously occupied territories that were in them.
These study areas were initially sampled with broadcast
surveys as described above, followed up by intensive
monitoring of marked individual birds during the years of
2005–2007 (e.g., Anich et al. 2010a, Benson et al. 2010).
Thus, all stands included in Test 2 were intensively and
repeatedly monitored for the presence of color-marked
territorial male Swainson’s warblers. Roa-Vásquez (2010)
used these data to generate an estimate of the number of
territorial male warblers found in each stand. If a bird was
determined to have used more than one stand based on the
observed movements of marked individuals, the individual
was divided into a fraction (e.g., if a bird used 3 stands, then
each stand would have a relative abundance of 0.33, related to
the use by this individual, which was added to the abundance
estimate of other males documented to be occupying each of
the stands involved).

Measurements of HSI Variables
The Swainson’s warbler HSI model consists of a combina-
tion of 6 variables: landform, landcover, successional age
class, forest patch size, proportion forest in a 1-km radius,
and small-stem density (<2.5 cm diam breast ht [dbh]).
Overall, the 6 variables are combined into 4 suitability
functions: landform, landcover, and successional age class are
combined into a single matrix (SI1), forest patch size (SI2),
percent forest cover in a 1-km radius (SI3), and small-stem
density (SI4). Tirpak et al. (2009b) provides details of all the
model variables and equations (see Eq. 1).
The first suitability function combines landform, land-

cover, and successional age class into a single suitability
function (SI1). There were 3 categories of landform: flood-
plain valley, mesic–terrace, and xeric–ridge, which were
developed from the digital-elevation model from metrics of
aspect, slope, topographic position, and relief. Landcover was
classified into forest types adapted from the National
Landcover Dataset (NLCD 2001): low-density residential,
transitional shrubland, deciduous, evergreen, mixed, or-
chard–vineyard, and woody wetlands. The final component
of SI1 was successional age class (divided into 5 classes based
on average dbh of the dominant trees in each stand), which
was obtained from Forestry Inventory and Analysis data:
grass–forb (trees <2.5 cm dbh), shrub–seedling (trees 2.5–
7.5 cm), sapling (7.5–12.5 cm), pole (12.5–37.5), and
sawtimber (>37.5 cm; Forest Inventory Analysis 2009).
Combinations of landform, landcover type, and successional
age class each have different predetermined scores based on
habitat suitability data from Hamel (1992). Although the
intent of the model developed by Tirpak et al. (2009b) was to
predict habitat suitability in the Central Hardwood Bird
Conservation Region, the basis of SI1 of the Swainson’s
warbler HSI model came from Hamel’s (1992) work in the
southeastern United States, including the Mississippi

Alluvial Valley and our study sites. For our evaluation of
the HSI model and this variable, we chose to use more
accurate local fine-scale data we directly collected in the field
from each field site or stand to delineate landform, landcover,
and successional age class rather than use remote imagery
data from NLCD and geographically imprecise Forest
Inventory Analysis data used by Tirpak et al. (2009b).
Forest patch size (SI2) and percent forest in a 1-km radius

(SI3) was determined using orthographic aerial photography
images viewed in ArcView 10.0. The highest value between
these 2 variables (SI2 and SI3) was used in the final
calculation of the HSI score (Eq. 1).
To determine small-stem densities in the understory (SI4),

we used field-collected small-stem density data from our 3
study areas (White River NWR, Saint Francis NF, and Big
Island) using modified BBIRD protocols (Martin et al. 1997,
Benson et al. 2009). We chose to use field-based small-stem
counts rather than the method described by Tirpak et al.
(2009b), which used Forest Inventory Analysis data to
generate small-stem count estimates from basal area, because
the U.S. Forest Service does not give out specific locations
and therefore we could not obtain Forest Inventory Analysis
data near our Swainson’s warbler sample locations. For Test
1, small-stem densities were collected at each survey point. In
Test 2, small-stem density data were collected at 2 locations
randomly chosen from a set of previous use locations (5–50/
territory) within a 140-m radius, which corresponds to the
mean territory size (6.5 ha) of Swainson’s warblers found by
Anich et al. (2009) in our study areas, centered on the survey
location. Within a 5-m-radius plot around each previous use
location, 4 quadrants were established using cardinal
directions for boundaries and small stems were counted in
1-m2 subplot in each quadrant (total¼ 4 1-m2 subplots/
sample location). Small stems included: number of cane
stems and number of shrub stems (height >30 cm and
<2.5 cm dbh) originating in the 1-m2 subplots.

Calculation of HSI Scores
Overall HSI scores were calculated by determining the
geometric mean for SI scores for forest structure (SI1 and
SI4) and multiplying that value by the maximum SI score for
forest patch size (SI2) or percent forest (SI3) and then
calculating the geometric mean of that product—calculated
as follows:

Overall HSI ¼ ½ðSI1� SI4Þ0:500 �MaxðSI2 or SI3Þ�0:500 ð1Þ

Statistical Analysis
For the first test, we generated HSI scores for each sample
location as described by Tirpak et al. (2009b) with the
adapted method of calculating SI4 (small-stem density)
described above. Specifically, we used counts of woody stem
densities that were collected at locations both occupied and
unoccupied by Swainson’s warblers for 2 studies investigating
the habitat associations of Swainson’s warblers at White
River NWR (Brown et al. 2009) and Big Island (B. M.
Reiley, unpublished data). Sample sites were classified based
on occupancy of Swainson’s warblers (Brown et al. 2009).
Sites at White River NWR were sampled during 2 years;
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however, we only used data from occupied sites from 1 year to
ensure the data were independent. For example, if a site was
occupied in both years, then we used the first year’s survey
and habitat data in the analysis. We used t-tests to examine
the hypothesis that occupied sites would have higher HSI
scores than unoccupied sites.
For the second test of the Swainson’s warbler HSI, we

generated HSI scores described by Tirpak et al. (2009b)
using our adapted method of calculating SI4 (small-stem
density). At each survey location within stands at White
River NWR and Saint Francis NF, counts of woody stem
densities were collected. Within each stand, we used habitat
data from 2 to 17 survey locations to generate an average HSI
score for each stand. Abundance of Swainson’s warblers
within stands was based on repeated surveys of marked birds,
telemetry locations, capture locations, and nest locations,
which enabled us to estimate the number of territories within
each forest stand and then use the number of male warblers
detected to calculate the density of male warblers per ha (the
area used for density calculation was the area within the stand
we specifically surveyed) from fieldwork conducted during
the same time period between 2005 and 2007 (Roa-Vásquez
2010). We used linear regression to examine the hypothesis
that there would be a positive relationship between
Swainson’s warbler abundance and stand HSI scores.
While testing the Swainson’s warbler HSI, our analysis

indicated that the model was a poor predictor of Swainson’s
warbler occupancy (see Results section). As a result, we were
interested in exploring how to refine the original model and
focused on finding a replacement suitability function for the
small-stem density suitability function (SI4). We chose to
include some relative measure of elevation based on prior
work with this species (Benson et al. 2011). Elevations
preferred by Swainson’s warblers will vary geographically, but
flood-prone areas are less likely to provide the conditions
suitable for understory regimes preferred by Swainson’s
warblers (Benson et al. 2011). This new suitability function
would be based on the highest and lowest elevation using the
National Elevation Dataset (NED) within some pre-defined
area of interest (AOI):
(Elevation of sample location� lowest elevation within

AOI)/(highest elevation within AOI� lowest elevation
within AOI)
Areas of interest where this model would be applicable are

seasonally flooded bottomland areas associated with river
floodplains. We define the seasonal wetlands within an AOI
as any area having surface water for extended periods in the
growing season, but not at the end of the growing season
(Cowardin et al. 1979). We define the highest elevation
point within an AOI as the highest area within a bottomland
habitat that is in the traditional river floodplain.
We propose this suitability function be labeled proportion

elevation. The relationship of suitability score to proportion
elevation is defined in Figure 1: as the proportion elevation
increases above 0.30, suitability scores increase until the
proportion elevation reaches 0.70, when the suitability score
tops out at 1.0, and anything above that threshold is
potentially high-quality habitat. This suitability function is

based on Benson et al. (2011), in which they found that most
Swainson’s warbler detections (65%) were at or above the
75th percentile of available elevations on the north half of
White River NWR and 90% of the detections were at or
above the 90th percentile on the south half of the refuge. We
developed the proposed proportion elevation function with
this starting basis and the logic that it would help to classify
bottomland forest habitats where the flood frequency was
lowest, and therefore more likely to support the dense
understory vegetation and the relatively high accumulation
of litter that Swainson’s warblers use (Benson et al. 2009,
Brown et al. 2009).

RESULTS

Test 1: Comparison of Occupied Versus Unoccupied
Sites
In total, 257 sample locations were used in our analysis, 99
were occupied and 158 were unoccupied. At White River
NWR, 29% of 177 sample locations were occupied; and at
Big Island, 58% of 80 sample locations were occupied. Mean
HSI scores were significantly lower for occupied locations
(0.66, SE¼ 0.036) than those that were unoccupied (0.78,
SE¼ 0.025; P¼ 0.006). There was a contrast in overall HSI
scores between study areas, mean HSI score for White River
NWRwas 0.93, while at Big Island the meanHSI scores was
0.28. When analyzed separately, White River NWR mean
HSI scores were slightly but significantly higher at occupied
sites (0.95, SE< 0.001) than for unoccupied sites (0.93,
SE¼ 0.008; P¼ 0.005); and at Big Island, mean HSI scores
were significantly higher at unoccupied sites (0.32, SE¼
0.04) than occupied sites (0.23, SE¼ 0.04; P¼ 0.006). In our
pooled analysis, overall HSI scores ranged from 0.08 to 0.95,
demonstrating that the model is sensitive enough to generate
the range of unsuitable to suitable habitat scores.
At White River NWR and Big Island, SI1 (landform,

landcover, and successional age class) scores were either 0.4

Figure 1. Relationship between proportion elevation and Habitat
Suitability Index (HSI) scores for Swainson’s warbler habitat. Equation:
SI score¼ 0.9988/(1þ e�(percent elevation� 0.5049)/0.0626).

300 Wildlife Society Bulletin � 38(2)



or 0.9, and 90% of the scores were 0.9 (Table 1). Sites that
scored 0.4 were lower because of the greater percentage of
saplings at those sites. The early successional age class of
sample locations at Big Island, in particular, resulted in the
low SI1 scores. As described earlier, for the Swainson’s
warbler model the larger of SI2 and SI3 values was used in
the HSI calculation; and for our sample areas, the SI2 (patch
size) value was 1.0 in all cases because the sample areas were
in large contiguous forest. SI4 (small-stem density) ranged
from 0.03 to 1.0 and, interestingly, there was a disparity
between the SI4 (small-stem density) scores at the 2 sample
areas: at White River NWR 98% of scores were >0.5, which
had relatively low warbler occupancy (29%); and in contrast,
81% of scores at Big Island were <0.5, which showed
relatively high warbler occupancy (58%).

Test 2: Relationship Between Swainson’s Warbler
Abundance and HSI Scores
At Saint Francis NF, forest stands averaged 18.58 ha
(n¼ 19) and had a mean of 0.18 bird/ha (range¼ 0.01–
1.18) and mean HSI score among stands was 0.74
(range¼ 0.57–0.95). White River NWR stands averaged
373.1 ha (n¼ 8) in size and had a mean estimated abundance
of 0.10 bird/ha (range¼ 0.02–0.13) and mean HSI score
among stands was 0.92 (range¼ 0.79–0.95). As described
above, SI2 and SI3 were identical because of the contiguous
nature of the forest habitat in both study areas, and therefore,
SI4 had the greatest influence on HSI scores for this test.
There was no relationship between Swainson’s warbler
abundance and HSI scores at Saint Francis NF (r2¼ 0.06,
F1,17¼ 1.23, P¼ 0.28; Fig. 2). At White River NWR, there
appeared to be a negative relationship between Swainson’s
warbler abundance and HSI scores; however, this relation-
ship seemed to be driven by one stand and was not significant
(r2¼ 0.35, F1,6¼ 3.27, P¼ 0.12; Fig. 3).

Revised Swainson’s Warbler HSI
We conducted preliminary analysis using data from test 1 to
evaluate the model with the new suitability function using
the boundaries of White River NWR and Big Island as our
AOI. We found that mean HSI scores were significantly
higher for occupied locations (0.54, SE¼ 0.04) than those
that were unoccupied (0.25, SE¼ 0.03; P< 0.001). Overall
HSI scores ranged from 0.00 to 0.95, showing that the model

is sensitive enough to generate the range of unsuitable to
suitable habitat scores.

DISCUSSION

The use of landscape-level HSI models, such as the one
developed for the Swainson’s warbler, is intended to provide
regional and local managers with tools to prioritize specific
large-scale areas for management activities; to determine
potential limiting factors related to habitat suitability; and for
use in large-scale monitoring programs (Tirpak et al. 2009a).
However, they are only useful if they are accurate, and to
assess the accuracy, models must be validated. Though the
model performed poorly in our tests (e.g., Figs. 2 and 3), we
suggest a few caveats and a way to improve the model.
In our first test of the model, we found that small-stem

density values were extremely disparate between our 2 study

Table 1. Means and ranges of suitability functions used to calculate
Habitat Suitability Index scores for Swainson’s warblers in the White River
National Wildlife Refuge (White River NWR) and Big Island, Arkansas,
USA, 2004–2010.

Site
Landcover
matrix

Forest
patch size

Small-stem
density

White River NWR
x 0.90 1 0.98
Range 0.9–0.9 1–1 0.05–1.00
Big Island
x 0.75 1 0.19
Range 0.4–0.9 1–1 0.02–0.95

Figure 2. Linear regression of Habitat Suitability Index (HSI) score and
Swainson’s warbler (SWWA) abundance in 2010 at Saint Francis National
Forest, Arkansas, USA.

Figure 3. Linear regression of Habitat Suitability Index (HSI) score and
Swainson’s warbler (SWWA) abundance in 2010 at White River National
Wildlife Refuge, Arkansas, USA.
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sites. This is interesting because Swainson’s warblers
occupied a relatively lower frequency of sample sites at
White River NWR, but had high small-stem density scores;
while more than half of the sample sites were occupied at
Big Island, and these sites had relatively low small-stem
density scores. One possible explanation for this is that our
study area at White River NWR has not had any forest
management in >30 years and, in contrast, Big Island is
managed on a relatively short harvest rotation. We believe
that Big Island had lower small-stem counts as a result of
the frequent forest-management disturbance at that site.
These findings suggest the small stems/ha threshold for
Swainson’s warblers may vary depending on the succes-
sional age class of the habitat. Specifically, dense understory
may be important for attracting Swainson’s warblers to
mature forest sites with high canopy cover; whereas, in early
successional sites, high densities of saplings and mid-story
trees may compensate for lower densities of woody
understory vegetation.
At White River NWR, we found no relationship with HSI

and Swainson’s warbler abundance in our second test of the
Swainson’s warbler HSI model. Though we feel this is a
result of the inadequacy of the Swainson’s warbler HSI
model, we should mention a possible limitation of our second
test of the model. At White River NWR, the forest stands
were large and we did not systematically sample these entire
stands for vegetation. We collected vegetation at locations
within occupied or formerly occupied Swainson’s warbler
territories, which were not uniformly distributed within
stands, and as a result our estimate of small-stem densities
and the overall computed HSI scores may not represent the
average conditions in the entire stand at this site. However,
our small-stem density data should represent the conditions
in the portion of stands extensively surveyed for Swainson’s
warblers and used to develop the estimates of bird
abundance.
The Swainson’s warbler HSI model was developed by

Tirpak et al. (2009a) to be applied on a broad landscape scale
using large-scale spatial data. In our attempt to validate this
model, we used locations that were sampled on a finer scale
than was originally employed by these authors. Tirpak et al.
(2009a) emphasized that the ecoregional-scale models they
developed for priority landbirds required further rigorous
testing with site-specific data sets of bird abundance and
habitat characteristics to assess the validity of models on finer
scales. One consequence of evaluating the model at a fine
scale in relatively large contiguous forested areas was that SI1
(forest patch size) and SI3 (percent forest cover in a 1-km
radius) yielded consistently high scores, and therefore, had
little influence on the overall HSI score. As a result, SI4
(small-stem density) had the greatest influence on the overall
HSI score. In our test situation, specifically sampling many
sites within a large contiguous forest, the model performed
poorly in predicting Swainson’s warbler occupancy and their
abundance. Swainson’s warblers are area-sensitive (Anich
et al. 2010b), so we suggest the existing model probably can
predict the lack of occupancy in smaller forest patches with
some degree of accuracy.

SI4 (small-stem density) in the Swainson’s warbler HSI
model was derived based on an average of 34,772 stems/ha at
occupied sites (Graves 2002). However, the density of stems
at unoccupied locations was not investigated by Graves
(2002). Based on our results, we suggest that this stem-
density value might not discriminate adequately between
occupied and unoccupied sites in many geographical areas.
Research at White River NWR (Brown et al. 2009) found
>30,000 stems/ha at both occupied (x¼ 98,161; n¼ 70) and
unoccupied (x¼ 71,580; n¼ 106) locations. Small-stem
densities measured on a localized scale can be highly variable
depending on environmental and anthropogenic factors, and
specific features selected by Swainson’s warblers may be
variable depending on location and successional stage (e.g.,
Meanley 1966, Eddleman et al. 1980, Thomas et al. 1996,
Graves 2002, Brown et al. 2009).
SI4 (small-stem density) of the Swainson’s warbler HSI

model attempted to measure understory vegetation density,
which is a key component of Swainson’s warbler habitat
(Peters et al. 2005, Bassett-Touchell and Stouffer 2006,
Benson et al. 2009, Brown et al. 2009, Anich et al. 2012).
The Swainson’s warbler HSI (Tirpak et al. 2009b) intended
the suitability function for SI4 (small-stem density) to be
estimated using basal area measurements from nationally
available Forest Inventory Analysis data from the U.S.
Forest Service. We attempted to test the model using these
data, but we encountered problems due to secrecy of sample
locations. Because of this, we were unable to survey for
Swainson’s warblers at the Forest Inventory Analysis
sample locations, making it impossible for us to evaluate
Swainson’s warbler occupancy of those locations. While
important, attempting to estimate understory vegetation
density using basal area may be problematic. For example, at
our White River NWR field locations we found no
relationship between small-stem understory density and
basal area (r2¼ 0.0014, F1,175¼ 0.24, P¼ 0.62). Even
though small-stem density is likely among the most
promising and widely available predictors of understory
density, the relationship between basal area and small-stem
density may be too weak to be broadly applicable. In our
validation attempt, we used directly sampled field data to
calculate the suitability function for SI4 (small-stem
density), but found that this suitability function did not
consistently score high in occupied locations. Thus, as
currently included in the model, the function for understory
density to Swainson’s warbler habitat suitability (SI4) seems
to be flawed, at least related to our study areas in the
Mississippi Alluvial Valley.
In our attempt to revise the Swainson’s Warbler HSI by

replacing SI4 with the proportion elevation variable, we
found that the mean score at the pooled occupied sites met
our a priori validation criteria of HSI >0.5 however, the
revised model did not generate extremely high scores at
occupied locations. We consider this a first step toward
improving the existing model and feel that the proportion
elevation function may need adjustment and would require
further testing at other localities in the Swainson’s warbler
breeding range.
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MANAGEMENT IMPLICATIONS

Based on our results, we believe anyone attempting to use the
current Swainson’s warbler HSI model to make management
decisions or to assess the status of Swainson’s warbler
populations over broad landscapes should do so cautiously
because we feel that it would overestimate the amount of
suitable habitat for this species. Additionally, we suggest
caution because this is the second failed attempt to validate
this model, the first being the validation attempted in Tirpak
et al. (2009a). We recommend that the model be revised,
possibly by replacing the stem-density variable (SI4) with the
proportion-elevation variable and be evaluated through a
validation process using site-specific data sets of bird
abundance and habitat characteristics from locations outside
of our study areas.

ACKNOWLEDGMENTS

Funding for this research was provided by the United States
Fish and Wildlife Service through the Lower Mississippi
Valley Joint Venture and by Anderson-Tully Co. We are
grateful of the support of J. Tirpak for help securing the
funding, his advice, and for his support of this research. R.
Hines, S. Reagan, and D. Sharp of USFWS; M. Staten of
Anderson-Tully; and T. Jones-Farrand of Lower Mississippi
Valley Joint Venture provided assistance. T. J. Benson
provided invaluable assistance. We thank C. Roa for the use
of her data.We thank A. Zachary, S. Rune, A. Overfield, and
A. Beeler for their assistance in the field. We would also like
to thank L. Brennan, T. Boal, and two anonymous reviewers
for their helpful comments on the manuscript.

LITERATURE CITED
Anich, N. M., T. J. Benson, and J. C. Bednarz. 2009. Estimating territory
and home-range sizes: do singing locations alone provide an accurate
estimate of space use? Auk 126:626–634.

Anich, N. M., T. J. Benson, and J. C. Bednarz. 2010a. Factors influencing
home-range size of Swainson’s warblers in eastern Arkansas. Condor
112:149–155.

Anich, N. M., T. J. Benson, and J. C. Bednarz. 2012. What factors explain
differential use within Swainson’s warbler (Limnothlypis swainsonii) home
ranges? Auk 129:409–418.

Anich, N. M., T. J. Benson, J. D. Brown, C. Roa, J. C. Bednarz, R. E.
Brown, and J. G. Dickson. 2010b. Swainson’s warbler (Limnothlypis
swainsonii). Account 126 inA. Poole, editor. The Birds of North America
Online. Cornell Lab of Ornithology, Ithaca, New York. http://bna.birds.
cornell.edu/bna/species/126.

Bassett-Touchell, C. A., and P. C. Stouffer. 2006. Habitat selection by
Swainson’s warblers breeding in loblolly pine plantations in southeastern
Louisiana. Journal of Wildlife Management 70:1013–1019.

Benson, T. J., N. M. Anich, J. D. Brown, and J. C. Bednarz. 2009.
Swainson’s warbler nest-site selection in eastern Arkansas. Condor
111:694–705.

Benson, T. J., N. M. Anich, J. D. Brown, and J. C. Bednarz. 2010. Habitat
and landscape effects on brood parasitism, nest survival, and fledgling
production in Swainson’s warblers. Journal of Wildlife Management
74:73–85.

Benson, T. J., and J. C. Bednarz. 2010. Short-term effects of flooding on
understory habitat and the presence of Swainson’s warblers. Wetlands
30:29–37.

Benson, T. J., J. D. Brown, N. M. Anich, and J. C. Bednarz. 2011.
Habitat availability for bottomland hardwood forest birds: the importance of
considering elevation. Journal of Field Ornithology 82: 25–31.

Brooks, R. P. 1997. Improving Habitat Suitability Index models. Wildlife
Society Bulletin 25:163–167.

Brown, J. D., T. J. Benson, and J. C. Bednarz. 2009. Vegetation
characteristics of habitat occupied by Swainson’s warblers at the
White River National Wildlife Refuge, Arkansas. Wetlands 29:
586–597.

Cowardin, L. M., V. Carter, F. C. Golet, and E. T. LaRoe. 1979.
Classification of wetlands and deepwater habitats of the United States. U.
S. Department of the Interior, Fish and Wildlife Service FWS/OBS-79/
31, Washington, D.C., USA.

Eddleman, W. R., K. E. Evans, and W. H. Elder. 1980. Habitat
characteristics and management of Swainson’s warblers in southern
Illinois. Wildlife Society Bulletin 8:228–233.

Forest Inventory Analysis. 2009. Forest Inventory and Analysis National
Program Spatial Data Services. http://www.fia.fs.fed.us/tools-data/spa-
tial/ Accessed 23 Nov 2011.

Graves, G. R. 2002. Habitat characteristics in the core breeding range of the
Swainson’s warbler. Wilson Bulletin 114:210–220.

Hamel, P. B. 1992. Land manager’s guide to the birds of the South. The
Nature Conservancy, Southeastern Region, Chapel Hill, North Carolina,
USA.

Lancia, R. A., and D. A. Adams. 1985. A test of Habitat Suitability Index
models for five bird species. Proceedings of the Southeastern Association
of Fish Wildlife Agencies 39:412–419.

Larson, M. A., W. D. Dijak, F. R. Thompson, III, and J. J.
Millspaugh. 2003. Landscape-level habitat suitability models for
twelve species in southern Missouri. U.S. Department of Agriculture,
Service General Technical Report NC-233, St. Paul, Minnesota,
USA.

Loukmas, J. J., and R. S. Holbrook. 2001. A test of the mink Habitat
Suitability Index model for riverine systems. Wildlife Society Bulletin
29:821–826.

Martin, T. E., C. R. Paine, C. J. Conway, W. M. Hochachka, P. Allen, and
W. Jenkins. 1997. BBIRD field protocol. Montana Cooperative Wildlife
Research Unit. University of Montana, Missoula, USA.

Meanley, B. 1966. Some observations on habitats of the Swainson’s warbler.
Living Bird 5:151–165.

National Land Cover Dataset [NLCD]. 2001. National Land Cover
Dataset class definitions. http://www.epa.gov/mrlc/definitions.html
Accessed 23 Nov 2011.

Peters, K. A., R. A. Lancia, and J. A. Gerwin. 2005. Swainson’s warbler
habitat selection in a managed bottomland hardwood forest. Journal of
Wildlife Management 69:409–417.

Prosser, D. J., and R. P. Brooks. 1998. A verified Habitat Suitability
Index for the Lousiana waterthrush. Journal of Field Ornithology 69:288–
298.

Rittenhouse, C. D.,W.D. Dijak, F. R. Thompson, III, and J. J. Millspaugh.
2007. Landscape-level habitat suitability models for ten wildlife species in
the Central Hardwoods Region. U.S. Department of Agriculture, Forest
Service General Technical Report NRS-4, Northern Research Station,
Newton Square, Pennsylvania, USA.

Roa-Vásquez, M. C. 2010. Flooding, forest management, and scale related
to habitat characteristics of Swainson’s warblers. Thesis, Arkansas State
University, Jonesboro, USA.

Roloff, G. J. 1994. Using an ecological classification system and wildlife
habitat models in forest planning. Dissertation, Michigan State
University, East Lansing, USA.

Schamberger, M. L., and L. J. O’Neil. 1986. Concepts and constraints
of habitat-model testing. Pages 5–10 in J. Verner, M. L. Morrison, and
C. J. Ralph, editors. Wildlife 2000: modeling habitat relationships of
terrestrial vertebrates. University of Wisconsin Press, Madison, Wis-
consin, USA.

Soniat, T. M., and M. S. Brody. 1988. Field validation of a
Habitat Suitability Index model for the American oyster. Estuaries 11:
87–95.

Thomas, B. G., E. P. Wiggers, and R. L. Clawson. 1996. Habitat selection
and breeding status of Swainson’s warblers in southern Missouri. Journal
of Wildlife Management 60:611–616.

Tirpak, J.M., D. T. Jones-Farrand, F. R. Thompson, III, D. J. Twedt, C. K.
Baxter, J. A. Fitzgerald, andW. B. Uihlein. 2009a. Assessing ecoregional-
scale suitability index models for priority landbirds. Journal of Wildlife
Management 73:1307–1315.

Reiley et al. � Swainson’s Warbler HSI 303

http://bna.birds.cornell.edu/bna/species/126
http://bna.birds.cornell.edu/bna/species/126
http://www.fia.fs.fed.us/tools-data/spatial/
http://www.fia.fs.fed.us/tools-data/spatial/
http://www.epa.gov/mrlc/definitions.html


Tirpak, J. M., D. T. Jones-Farrand, F. R. Thompson, III, D. J. Twedt, and
W. B. Uihlein III. 2009b. Multiscale Habitat Suitability Index models for
priority in the Central Hardwoods and West Gulf Coastal Plain/
Ouachitas Bird Conservation Regions. U.S. Department of Agriculture,
Forest Service General Technical Report NRS-49, Northern Research
Station, Newton Square, Pennsylvania, USA.

Twedt, D. J., and C. R. Loesch. 1999. Forest area and distribution in the
Mississippi Alluvial Valley: implications for breeding bird conservation.
Journal of Biogeography 26:1215–1224.

U. S. Fish and Wildlife Service 1981. Standards for the development of
Habitat Suitability Index models. U.S. Department of the Interior, Fish
and Wildlife Service 103 ESM, Division of Ecological Services,
Washington, D.C., USA.

U. S. Fish and Wildlife Service. 2008. Birds of conservation concern. U.S.
Department of the Interior, Fish and Wildlife Service, Division of
Migratory Bird Management, Arlington, Virginia, USA.

Associate Editor: Donaghy Cannon.

304 Wildlife Society Bulletin � 38(2)


