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History
 GCWA range reductions, population decline, loss of prime 

nesting habitat

 Due to human population growth; land development, urban 
sprawl, land clearing, juniper eradication

Demonstration at 
Capitol to preserved 
endangered species 

(ES) habitat



Endangered Species Listing

 May 4, 1990: Emergency rule to place 
GCWA on the endangered species list

 Still, development and growth continues 
especially west of Austin in the THC

 Balcones Canyonlands Conservation Plan 
(BCCP)
• creation of a 30,428 acre preserve 

system in Travis County (Balcones 
Canyonlands Preserve (BCP)) 



Previous Assessments and 
Current Needs

 Previous Research: usually single time-
point estimations of population numbers 
and available habitat

 To discern trends in loss or gain of habitat 
– need to use the same methodology 
across time

 Presented results of our 1986 to 2004 
assessment at the last symposium;  
Today, we add another decade.



 Apples to Apples: Conduct the assessment the same each 
time period so they are comparable.

 Same geospatial data type

 Use Similar Phenological cycle image (similar time within a 
season)

 Same Pixel Resolution (spatial resolution, 6in, 1ft, 1m, 
10m, 30m)

 Same Spectral Resolution (true color, color infrared, 
multispectral)

Thus, for a 30 year study, we were limited to the technology 
available in the mid 1980s; Satellite imagery

Technological Prerequisites for 
Habitat Change Detection



Study area

 Approximately 
2,000,000 ha 
area surrounding 
Austin, Travis 
county 

Because
 Austin – one of 

the fastest 
growing areas

 Westward urban 
sprawl & 
Development

 Resulting in 
accelerated 
GCWA habitat 
loss

 Loss is mitigated 
somewhat by 
BCCP



Modeling GCWA Habitat

 Typical Nesting Habitat: Ashe juniper-oak 
woodland (Mixed habitat)

 Only mature junipers (20-30 yrs; 4.5 m tall) 
produce shredding bark for nesting

Prefers
 thick canopy
 dense forests
 large tracts 
 >100m from edges



Methodology

 Select summer & winter satellite images

 Conduct supervised classifications of 
stacked images separately for each decade

 Conduct Accuracy analysis

 Identify gains and losses in GCWA habitat 
through time



Winter

Summer



Winter                     Summer

Mixed Habitat



Landsat dates

Decade Winter Image Late Summer Image

1980s 27 December 1986 25 September 1987

1990s 14 December 1993 28 September 1994

2000s 12 December 2004 26 September 2005

2010s 24 December 2014 5 August 2015



Land Classes
Open Water
Urban
Barren
Deciduous forest
Evergreen forest
Mixed Forest
Shrubland
Grassland
Agriculture



Classification

 ERDAS Imagine
 Stacked summer and winter images
 Spectral signatures created; assessed 

spectral patterns
 Supervised classification



Solutions

 Classification products needed to be 
comparable across decades

 Google Earth as a cost effective way to 
“ground truth” classification
• For present 2014-15 data
• As well as for 2004-05 data in our 

previous analysis

 Used the same training areas (AOIs) for 
1986 to 2005; and then for 2005 to 2015



Generating AOIs

Agriculture



1986 

1993 

2004 

Agriculture



Mixed Habitat

Winter

Summer



Mixed



1987

Mixed

1994

2005



Classifications



Classification
2014-15



Accuracy Assessment

Stratified
Random
Points

 Overall 
Accuracy 
84 %-
87%; 
Kappa 
82%-
85%



Habitat Modeling

 Model based on Diamond (2007) model C
 Includes both landscape context and edge 

effects

 Diamond’s model weighted evergreen or 
evergreen in close proximity to mixed or 
deciduous higher than other land classes

 Weighted denser forests
 Penalizes areas near edges



Diamond’s Model C
Recoding
 Evergreen forest = 1
 Deciduous or mixed forest within 100m of 

evergreen = 1
 Code everything else 0

Landscape context and edge effects
 % forest within a circle of radius 200m ranked as 

follows:
 0 (worst 0-20% forest)
 1 (20-40% forest)
 2 (40-60% forest)
 3 (60-80% forest)
 4 (best 80-100% forest)
 subtract 1 if area is <50m from an edge



Our Models - Recoding
Evergreen and mixed-based model
 mixed or evergreen forest = 1
 deciduous forest within 100m of mixed or evergreen = 1
 everything else = 0

Landscape context and edge effects
 % forest within a circle of radius 7 cells (210m) ranked as 

follows:
 0 (worst 0-20% forest)
 1 (20-40% forest)
 2 (40-60% forest)
 3 (60-80% forest)
 4 (best 80-100% forest)

 subtract 1 if area is <100m from an edge



Yes, I model for a 
living,

(GIS humor)



Model Evaluation

Model predictions were compared to 
USFWS GCWA data

 Accuracy assessment

 Interesting trends seen whole 
assessing classification accuracy…



Evergreen & Mixed-
based model 

deemed best in our 
last study

Researchers need 
to indicate whether 

their evergreen  
category includes 

live oak or not



GCWA Sites
2014-15



Assessing Change

1. Overall percent of each class
2. Change between decades assessed 

by rank differences (-4 to +4)
• Positive indicates gains
• Negative indicates losses



Model Results: Habitat Quality

Red and Dark red = best quality habitat



Model Results

Red and Dark red = best quality habitat



Percent Change

 Ranking differ significantly through time (χ2 = 56.14, df = 8, 
P<0.001 for 1986 to 2005; 

 χ2 = 123.39, df = 4, P<0.001 for 2005 to 2015 )

 Cell Adjusted standardized residuals indicate
• No significant habitat changes between 1980s and 1990s, 

but there was between the 1990s and 2000s and again 
from 2000s to 2010s

• Rank 0 increased from 1993-94 to 2004-05
• Ranks 2, 3, & 4 decreased from 1993-94 to 2004-05
• Likewise, this same trend continued from 2004-5 to 2014-

15

Thus,
• Non-GCWA habitat increased through time
• Marginal to high quality GCWA habitat decreased through 

time



Change Between Decades



Change Between 2000s-2010s



Oct 2010
Oct 2011 - Drought

Jan 2014



Drought-
killed

comes up as 
shrubland in 

classification



Oct 2005
Sept 2012
Mar 2013



Significance

 Information on gains and losses helps 
to
• Access where to focus GCWA habitat 

restoration/preservation efforts
• Access effectiveness of past management

 Protecting GCWA also 
• Protects others species 
• Protects the Edwards aquifer



Conclusions

 Losses in GCWA habitat have accelerated 
from 1993-94 to 2004-05 and also from 
2004-5 to 2014-15

 Losses in higher quality GCWA habitat are 
seen most abundantly near the Austin-San 
Antonio I-35 corridor

 Losses are mitigated somewhat by the BCCP
 Even so, losses substantially exceed gains



Photo Sources

 Title slide Male GCWA – USFWS
 Austin Environmentalist – Kim Ludeke, TPWD
 Oak-Juniper woodland – TPWD, GIS Lab
 Lost Maples, Oak-Juniper – scilogs.com
 GoogleEarth



Questions?
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