Preserving the Pecking Order:
Reconstructing the range map and identifying suitable habitat for the extinct Ivory-billed Woodpecker (Campephilus principalis)
Background
The Ivory-billed Woodpecker (IBWO) (Campephilus principalis) was last seen
without doubt in the continental U.S. in 1944. It has, however, been the source
of controversy in the intervening decades due to regular reported, but unconfirmed, sightings (Jackson 2004), particularly a high-profile and controversial
apparent re-sighting of an individual in Arkansas back in 2004 (Fitzpatrick et al.
2005, Snyder 2007, Hill 2008, Gotelli et al. 2011, Solow et al. 2011). Not only
have these apparent re-sightings provoked discussion over the current status of
the IBWO (e.g., Scott et al. 2008, Elphick et al. 2010, Gotelli et al. 2011, Solow
et al. 2012), but they also raised the
question of what drove their decline in
the late 19th and early 20th centuries.
Tanner (1942) proposed the hypothesis that the decline of the IBWO coincided with the intensified logging of
bottomland forests across the southeastern United States, and therefore
became extinct due to the removal of
suitable habitat (Figure 1). This conclusion was a result of his 3-year study
in the 1930s on the last known populaFigure 1. Tanner (1942) range map for the Ivory- tion of IBWOs in the Singer Tract, LA,
billed Woodpecker.
and has been widely accepted by ornithologists until recently. Snyder (2007,
2009), however, provided a contrasting argument that instead of habitat loss, IBWOs were driven extinct primarily from overexploitation by humans, and presents evidence that the coincidence of species and habitat decline was not as
strong as argued by Tanner. My goal was to evaluate the hypotheses proposed
by Tanner (1942) and Snyder (2007,
2009) about the role of habitat loss in
the IBWO decline, using a more comprehensive understanding of the IBWO’s historic range in relation to
available suitable habitat during its
major decline from roughly 1880 to
1920 (Tanner 1942).
My specific objectives were to 1) create a pre-extinction occurrence map
for the IBWO using museum specimen data and historic observations,
Figure 2. Hasbrouck (1891) range map for the Ivo- and 2) use current land cover data to
identify areas (if any) that IBWOs
ry-billed Woodpecker.
could inhabit if extant.

Methods
Range map: georeferenced the Brewer (1873) forest density map of the U.S.
taken from the Statistical Atlas of the United States (USCO and Walker 1874),
geocoded all IBWO locality data obtained from museum specimens and historical sighting records, and created a vector point layer of said locality points. Additionally, overlaid a hydrography vector polygon layer featuring major water
bodies (lakes, wetlands, rivers, streams) (ArcGIS Online) and a vector lines layer featuring 1870 U.S. railways to evaluate whether the presence of railroads
could have affected IBWO survival (University of Nebraska-Lincoln).
Suitability map: impor ted the USGS National Land Cover (2011) r aster
(USGS) and summarized land cover data per grid cell of a 50-km x 50-km fishnet using the ArcMap tool ‘Zonal Statistics as table,’ which produced a table
containing land cover data statistics for every grid cell. Joined this table to the
fishnet layer, and conducted a spatial query for grid cells containing woody wetland as the majority land cover type, in accordance with the preferred habitats of
the IBWO. Since IBWOs tended to inhabit forest near water, ran an additional
spatial query on the already selected grid cells that highlighted only cells that intersected with a major water body. Finally, exported these selected cells to a new
layer, which served as the basis for the habitat suitability map.
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Results and Discussion
The reconstructed range map tells a similar story as that of the Tanner (1942)
map (Figure 1). According to both, the predominant range of the Ivory-billed
Woodpecker (IBWO) covered the coast line of the Gulf of Mexico and the Atlantic Ocean, extending from southern North Carolina to eastern Texas. Additionally, there are inland records extending as far north as northern Arkansas and
Missouri, most likely due to the presence of suitable woody wetland habitat
along the Mississippi River. Note that the majority of known IBWO locality
points occur in Florida, which for its total area hosts a disproportionately high
area of high-density forest and major rivers as well as few railroad lines. The
high availability of inundated, swampy cypress forests in FL may have supported more individual IBWOs, while Florida’s high water table and limestone soils
combined with lower abundance of high-quality timber may have prevented or
dissuaded logging companies from constructing railroad lines through the state
as was done elsewhere.
Outside of Florida there is an overall lack of specimen data originating from
the densest forests. Sizeable patches of dense forest cover the southern portion of
Alabama and part of Georgia, all with high river presence, but neither of these
patches contain a single locality point. Moreover, areas known to host larger
populations of IBWOs like the Singer Tract (LA) appear to have hosted notably
sparse forests in the late 1800s. As mentioned in the USFWS (2010) IBWO Recovery Plan, IBWOs were believed to prefer certain densities of old-growth forest and of dead stands. However, this degree of specificity of data cannot be well
represented in an overview of total forest density across the U.S. as portrayed in
the Brewer (1873) map, and therefore may explain IBWO occupancy of areas
with different forest density classifications.
Alternatively, this may result may favor the
Snyder (2007, 2009) argument that exploitation had a stronger influence on IBWO decline, as forest density did not noticeably influence the distribution of IBWO localities.
Classifying suitable habitat as woody
wetland, defined by USGS (2011) as “areas Figure 3. Harvard Museum of Comparative
where forest…accounts for greater than 20% Zoology (MCZ) specimens of the extinct
of vegetative cover and the soil…is periodi- Imperial Woodpecker (left), extinct Ivorycally saturated…with water,” resulted in
billed Woodpecker (center), and extant Pi2
192,500-km of potential suitable habitat for
leated Woodpecker (right).
IBWOs. Given that Tanner (1942) clearly defines the preferred habitat of the IBWO as
bottomlands and swampy forests in and around the Mississippi Delta as well as
the forests of Florida, it seems likely that the analysis conducted to create this
map offers a fairly accurate overview of current habitat availability. With this
conclusion on habitat suitability, it seems unlikely that the woodpecker sighting
in the Cache River National Wildlife Refuge from 2004 was in fact an IBWO.

Spatial Limitations
It is important to note that while the methods I used here provide a general overview of IBWO decline and potential habitat availability, the maps should not be
used for finer scale analysis within states. Without more detailed information on
forest type, forest density, and logging intensity for the late 1800s and 1900s, it is
difficult to support either the Tanner (1942) or Snyder (2007, 2009) hypothesis
without reasonable doubt. Similarly, using broad land cover categories and 50 km
x 50 km grids for identifying suitable habitat (as was done for the suitability map)
can serve as an introductory analysis, but to properly highlight potential habitat
within each state, analyses must be conducted using more specific land cover and
land use data combined with smaller grid sizes.
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