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ABSTRACT 

I examined the conservation opportunity for Golden-cheeked Warbler habitat represented 

by the initiation of the Fort Hood Recovery Credit System in the area immediately 

outside the boundaries of Fort Hood, Texas.  Conservation planning requires a thorough 

and thoughtful examination of the landscape to achieve conservation goals as efficiently 

as possible in the face of limited financial resources.  To successfully accomplish this 

challenging task, various components of Golden-cheeked Warbler habitat needs must be 

assessed to ensure that the patches with the greatest value to the species are conserved.  

However, the “best” sites are frequently not obvious or necessarily adequate in 

conservation planning scenarios.  To aid in the conservation planning process, areas of 

Golden-cheeked Warbler habitat within 15 km of Fort Hood were identified and 

delineated using a Geographic Information System (GIS).  Habitat patch values with 

respect to area, quality, and connectivity were also determined.  Calculations for the area 

and quality metrics were fairly straightforward using GIS.  The connectivity portion of 

this analysis used graph theory to examine the relationships among patches in the context 

of the surrounding landscape.  Four aspects of connectivity were assessed using graph 

theory:  (1) source/sink strength of each patch, (2) change in landscape traversability with 

patch removal, (3) the centrality (betweenness) of each patch, and (4) patch connection to 

important habitat areas within Fort Hood.  The resulting product of this analysis is a table 

of values (area, effective area, and four connectivity metrics) to accompany each patch 

identified in the region surrounding Fort Hood.  This information can help guide the 

conservation planning process in the face of financial constraints and varying levels of 

landowner cooperation. 



 2 

 

INTRODUCTION 

The Golden-cheeked Warbler (Dendroica chrysoparia) is a neotropical migrant known to 

breed only in the mixed Ashe juniper/deciduous oak woodlands of central Texas 

(USFWS 1992).  It is Texas’s only endemic nesting bird, of the 613 bird species 

documented in the state (Ladd and Gass 1999).  Concerns over loss of its habitat were 

documented as early as the late 1890s (Ladd and Gass 1999), and the Golden-cheeked 

Warbler (GCWA) was federally listed by the U.S. Fish and Wildlife Service (USFWS) as 

endangered in 1990, primarily due to concerns about habitat loss and fragmentation.  

Urban expansion and land clearing for agricultural purposes are the primary threats to 

habitat for this species (USFWS 1992, Campbell 1995). 

 

Major efforts to stem loss of breeding habitat in this area have involved public land 

management, most notably within the Balcones Canyonlands Preserve in Travis County, 

Balcones Canyonlands National Wildlife Refuge in Travis and Burnet counties, Fort 

Hood in Bell and Coryell counties, and Camp Bullis in Bexar County (Campbell 1995).  

The Fort Hood region, the focus area of this analysis, is estimated to contain 52,935 acres 

of GCWA habitat (Hayden 2001 as cited in USFWS 2005) and between 2,901 and 6,040 

singing males (Peak 2003, USFWS 2005).  The habitat at Fort Hood supports the largest 

Golden-cheeked Warbler breeding population under one management authority (The 

Nature Conservancy 2007).   
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In addition to the management of public lands, non-profit organizations including 

Environmental Defense and The Nature Conservancy actively pursue opportunities to 

own, manage, and create Golden-cheeked Warbler habitat on private lands (Campbell 

1995).  Because much of the Golden-cheeked Warbler’s habitat exists on private lands, 

the cooperative efforts of non-profit organizations with private landowners can make 

significant contributions to the recovery of this species.  Environmental Defense, a 

national non-profit conservation organization with an office in Austin, Texas, is currently 

working with a variety of partners to develop a Recovery Credit System for Golden-

cheeked Warbler habitat located within the boundaries of Fort Hood.  The Recovery 

Credit System is designed with two purposes in mind:  (1) offset any potential incidental 

take of Golden-cheeked Warbler habitat that may occur on Fort Hood above and beyond 

that allowed in an existing Biological Opinion (USFWS 2005), and (2) contribute to the 

recovery of the species.  To accomplish these goals, Environmental Defense is working 

with private landowners outside the boundaries of Fort Hood to participate in voluntary, 

incentive-based habitat conservation, enhancement, and restoration activities.  The Fort 

Hood Recovery Credit System represents a significant opportunity to protect Golden-

Cheeked Warbler habitat on private lands, which is one of the primary recovery actions 

outlined in the USFWS Golden-cheeked Warbler Recovery Plan (1992). 

 

Objective 

Successful implementation of a Recovery Credit System in the Fort Hood region will 

require Environmental Defense and its partners to: (1) identify and delineate patches of 

GCWA habitat that are eligible for participation in the Recovery Credit System, and (2) 
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prioritize eligible patches in terms of their suitability for participation in the project.  The 

goal of this Master’s Project is to conduct an analysis using Geographic Information 

Systems (GIS) to provide relevant habitat patch information to Environmental Defense 

for this conservation project.  Specifically, three components of patch value are addressed: 

• Area.  Although GCWA have been observed in patches as small as 12 acres, 

larger habitat patches will support populations for longer periods of time 

(Campbell 1995).  Highest quality habitat is considered to be patches 250 acres 

(100 ha) or larger (Wahl et al. 1990 as cited in Ladd and Gass 1999); research 

indicates that reproductive success and pairing success is positively correlated 

with larger patch sizes (Coldren 1998 as cited by Ladd and Gass 1999).  Since one 

of the primary goals of this project is to recover the GCWA in its breeding range, 

larger habitat patches have more value to this project than smaller ones. 

• Quality.  Two aspects of Golden-cheeked Warbler habitat quality are assessed in 

this analysis:  edge effects and average canopy cover.  Although some researchers 

assert that GCWA is an “edge species” (Kroll 1980), the more generally accepted 

view is that GCWA populations thrive in large blocks of unfragmented habitat 

(USFWS 1992).  High percentage canopy cover (averaging approximately 70%) 

is also an important component of GCWA habitat (Wahl et al 1990, USFWS 1992, 

Ladd and Gass 1999).  Patches with minimal edge effects and greater average 

canopy cover will be the most valuable to this project.  These two components of 

habitat quality can be combined into one metric by multiplying core area (i.e. total 

area minus edge) by a canopy cover multiplier to obtain the “effective area” of a 

patch (Urban 2005).     



 5 

• Connectivity.  Habitat fragmentation is recognized as one of the primary threats 

to GCWA (USFWS 1992).  Fragmentation can result in increased distances 

between patches and may limit the probability of recolonization for the more 

isolated patches (Campbell 1995).  Because the spatial configuration of habitat in 

a landscape affects the ability of a species to move among populations, 

connectivity of habitat patches is an important consideration for maintaining and 

recovering Golden-cheeked Warbler populations.  Patches that serve as crucial 

linkages between areas of habitat, act as strong local sources, serve as frequently 

visited “stepping stones,” or are accessible from important habitat areas within 

Fort Hood will be the most valuable to this project. 

 

METHODS 

This analysis was conducted in two parts.  In the first part, potential GCWA habitat 

patches near Fort Hood were identified and delineated using a Geographic Information 

System (GIS) (ArcGIS 9.2, ESRI, Redlands, CA).  In the second portion, an index was 

created to provide details regarding the habitat value (area, quality, and connectivity) of 

each delineated patch. 

 

Identification and Delineation of Patches 

First, I obtained GIS data containing the boundaries of Fort Hood and the locations of 

GCWA habitat within those boundaries.  Although dispersal distances for GCWA are 

uncertain, a single banded individual has been recorded establishing a territory 11.8 km 

away from its previous breeding season territory (Holimon and Craft 2000).  A maximum 
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distance of 15 km from existing populations in Fort Hood was considered sufficient to 

encompass patches that are most likely to support GCWA.  I created a 15-km buffer 

surrounding the boundaries of Fort Hood to serve as the boundaries of the study area 

assessed in this analysis (figure 1).  

 

Second, I researched various components of GCWA habitat requirements in the breeding 

range.  GCWA require dense, mature Ashe juniper (Juniperus ashei) cover along with a 

mix of other hardwood species, most commonly Spanish oak (Quercus buckleyi) and 

plateau live oak (Q. fusiformis) (Ladd and Gass 1999).  GCWA typically occur in mature 

woodlands with high percentage canopy cover in the middle and upper layers 

(approximately 70%) (Wahl et al 1990, Ladd and Gass 1999).  Although GCWA are 

often found on steep slopes or canyon draws, they also occur on the uplands adjacent to 

rough terrain (Ladd and Gass 1999). 

 

After researching typical GCWA habitat characteristics, I obtained digital orthoimagery 

quarter quadrangles (DOQQ) imagery for the study area, and I examined areas that had 

previously been assessed in the field by biologists familiar with the characteristics of 

GCWA habitat.  On the digital imagery, I visually compared the appearance of areas 

classified as “habitat” versus those determined to be “non-habitat.”  These previously 

investigated areas served as guides to help identify and delineate areas on the digital 

imagery that were likely to be habitat (i.e. high maturity and high canopy cover).  

Although classification of satellite imagery (e.g. Landsat Thematic Mapper) could have 
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also been used in the patch identification process, digital orthoimagery provided recent 

high-resolution data that was most appropriate for my purposes within the study area. 

 

Larger patches contribute to greater GCWA reproductive and pairing success and are 

likely to support populations into the future.  At the request of Environmental Defense, I 

delineated only those patches with an area of approximately 100 acres or greater.  In 

addition to area, breaks in habitat were also examined using the high-resolution 

orthoimagery.  Research indicates that even narrow openings of 10-20 m (such as those 

for utilities easements or unimproved roads) can result in a loss of breeding habitat for 

GCWA (Horne 2000).  Likewise, breaks in forest area as small as 8 m can attract 

predators and nest parasites such as Brown-headed Cowbirds (Molothrus ater) (Rich et al. 

1994).   In smaller habitat patches (i.e. patches less than approximately 200 acres), any 

breaks in habitat greater than 10 m were delineated as a patch boundary. 

 

Patch Value Index Development 

Area and Quality 

After the patches were identified and delineated, the area of each patch was calculated (in 

acres) using GIS.  In addition to area, two components of Golden-cheeked Warbler 

habitat quality were assessed:  edge effects and canopy cover.  

 

Edge 

Golden-cheeked Warbler populations thrive in large blocks of unfragmented habitat 

(USFWS 1992) and exhibit greater reproductive success in forest interior area (Coldren 
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1998 as cited by Ladd and Gass 1999).  Fragmented landscapes comprised of small 

habitat patches are associated with significant declines in nesting success of neotropical 

migratory birds due to predation and brood parasitism by the Brown-headed Cowbird 

(Robinson 1992).  Predators and nest parasites (such as cowbirds) can be attracted to 

breaks in forest area as small as 8m (Rich et al. 1994).  

 

Measuring the core (interior) area of a patch is a widely used method for relating patch 

size and edge effects (Gustafson 1998).   Management guidelines for the Golden-cheeked 

Warbler recommend maintaining a buffer of at least 300ft (91.44m) of woodland 

vegetation to minimize predation (Texas Parks and Wildlife Department 2006).  In this 

analysis, edge effects were assumed to be negligible beyond 100m into the interior of a 

patch.  A 100m buffer from the patch edge was constructed within each patch interior 

using GIS, and then this buffer area was then subtracted from the total patch area to 

determine the patch’s core area. 

 

Canopy Cover 

In addition to core area, high canopy cover is an important component of high quality 

habitat for the Golden-cheeked Warbler.  Because canopy cover is difficult to quantify 

with digital orthoimagery, I obtained GIS data containing percent canopy cover within 

the study area (U.S. Geological Survey National Land Cover Database Zone 35 Tree 

Canopy Layer, 30m resolution, 2003).  The average canopy cover within each delineated 

patch was calculated using GIS.  Because the canopy cover raster is based on 2001 data, 

the averaged results were then visually compared with the orthoimagery to determine 
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whether the canopy cover present in 2001 corresponded with conditions apparent on the 

2004 orthoimagery.   

 

Research from sites throughout its breeding range indicates that the average canopy cover 

is approximately 70% (Wahl et al 1990, USFWS 1992, Ladd and Gass 1999).  However, 

sites with lower total canopy cover located adjacent to high quality habitat are also used 

by fledglings later in the breeding season (Ladd and Gass 1999).  Thus, patches with 

average total canopy cover greater than 70% will contribute the greatest value to this 

project; patches with average canopy cover between 50-70%, while not of the highest 

value, may still provide usable habitat for Golden-cheeked Warblers.  Therefore, to 

reflect habitat quality, all patches with an average canopy cover of 70% or greater were 

assigned a multiplier of 1, while those patches with less than 70% average canopy were 

given a value of 0.7.   

 

For each patch, the core area was multiplied by its canopy cover multiplier value to give 

an index of the habitat quality reflected in its “effective area.”  The effective area 

provides a single metric that takes into account both edge effects and canopy cover and 

can be used to rank the relative quality of habitat among patches.  

 

Connectivity 

Habitat fragmentation in central Texas is recognized as one of the primary threats to the 

Golden-cheeked Warbler (USFWS 1992, Campbell 1995).  One effect of fragmented 

habitat is increased distances traveled by juveniles in search of nesting habitat.  The time 
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and energy spent in search of suitable habitat impacts dispersal success (Urban and Keitt 

2001).  Between 1991 and 2001, juvenile Golden-cheeked Warblers experienced 

mortality rates of approximately 70% (Alldredge et al. 2002).  Successful natal dispersal 

is critical for maintaining and recovering this species. 

 

Because dispersal success depends on the distance a juvenile must travel to locate 

suitable habitat, the structure of the landscape plays a significant role in maintaining 

healthy populations.  The term “landscape connectivity” describes the role of landscape 

characteristics in facilitating or hindering species movement among populations and 

between resource patches (Merriam 1984 as cited by Tischendorf and Fahrig 2000).  

Structural connectivity is a measure of the landscape attributes, such as the presence of 

corridors or contiguity of habitat, and is constant for a particular landscape, regardless of 

the species of interest (Tischendorf and Fahrig 2000, Calabrese and Fagan 2004).  

Functional connectivity, on the other hand, incorporates information on dispersal ability 

to predict how well a particular species navigates the landscape.  Functional connectivity 

is species-specific, and a single landscape will have a range of functional connectivity 

values for the various species that inhabit that landscape (Tischendorf and Fahrig 2000, 

Keitt et al 1997). 

 

Graph theory 

Many methods exist for quantifying connectivity (Calabrese and Fagan 2004).  For this 

analysis, the graph-theoretic approach was selected to model the connectivity within the 

study area.  Graph theory, which has historically been used to model networks such as 
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transportation, communications, and computer systems (Urban 2005), provides a clear 

and concise way of describing the structural and functional connectivity in a landscape.  

The appeal of this particular approach lies in its ability to easily illustrate large-scale 

connectivity issues while requiring limited amounts of long-term population data (Bunn 

et al 2000, Urban and Keitt 2001, Urban 2005). 

 

A graph is a network of habitat patches (usually denoted by centroid points, called 

“nodes” in graph theory) with lines (“edges”) drawn between pairs of patches that are 

functionally connected.  The graph can incorporate information on dispersal ability and 

habitat quality (Keitt et al 1997, Bunn et al 2000, Urban and Keitt 2001, Urban 2005).  A 

pair of patches is considered “connected” if the distance between them is less than the 

dispersal ability.  Various measures of the graph can be used to assess the connectivity of 

the landscape for the species of concern, such as graph diameter, correlation length, 

distance to cluster edge, and number of graph components (Keitt et al 1997, Bunn et al 

2000, Urban and Keitt 2001).  In addition, graph operations can simulate the loss of 

habitat patches to reveal their individual contributions to landscape connectivity (Keitt et 

al 1997, Bunn et al 2000, Urban and Keitt 2001). 

 

Graph analyses within Fort Hood and the study area were conducted with application-

specific functions (Urban 2007, unpublished) written in the Python programming 

language (www.python.org), taking advantage of an available library of graph functions 

in Python (NetworkX Version 0.33, www.lanl.gov).  Nodes were assigned at patch 

centroid locations.  Although natal dispersal distances have not been conclusively 
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determined, the minimum natal dispersal distance for GCWA is assumed to be 2km 

(Holimon and Craft 2000); however, the average dispersal distance for juveniles is likely 

significantly greater than this (Alldredge et al 2002).  Preliminary analysis indicated that 

the landscape (which includes all habitat patches within Fort Hood and the surrounding 

study area) is highly connected at threshold distances greater than 3km.  Thus, to present 

a conservative estimate of the functional connectivity here, edges were drawn for all 

patches with edge-to-edge distances of 3km or less for all portions of the analysis that 

follow.  All edges were drawn between patch centroids where the edge-to-edge distance 

between patches is 3km (thus, edge length may be longer than 3km if the distance from 

patch i edge to patch j edge is 3km or less.)   

 

All GCWA habitat patches within Fort Hood were included as part of the landscape for 

all connectivity analyses.  Thus, all connectivity metrics described below would likely 

shift with any habitat loss within Fort Hood and the area immediately outside its 

boundaries; however, the current Biological Opinion anticipates a maximum loss of 

approximately 3% of the total GCWA habitat within the boundaries of Fort Hood over 

the next 5 years and subsequent 5-year periods (USFWS 2005).  Thus, habitat loss within 

Fort Hood would likely have minimal effects on the connectivity metrics calculated here.  

 

The graph-theoretic approach was used to answer four connectivity questions:   

1) What is the source strength of each patch? 

Source-sink models in metapopulation theory (Pulliam 1988) recognize that birth and 

death rates for a species may differ between habitats of varying quality.  A source is a 
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productive, well-connected habitat patch where within-patch reproduction exceeds local 

mortality—in other words, a source can be considered to have a reproductive surplus.  

The opposite is true of a sink habitat, which can be thought of as having a reproductive 

deficit.  Although sinks can support large populations, they cannot do so independently; 

sink populations depend on immigration from source patches to maintain their numbers.  

Without a nearby source, a sink population would eventually die out. 

 

To identify source and sink patches, area-weighted dispersal probabilities (F) were 

calculated for the edges connecting every pair of nodes (as described in Urban and Keitt 

2001).  First, the dispersal probability (pij) is calculated for each pair of nodes: 

pij = exp(k x dij)     (1) 

where k is a decay coefficient calculated from a tail dispersal distance (an arbitrarily 

selected point on the flat tail of a negative-exponential dispersal-distance function) and dij 

is the distance from node i to j.  Here, 3 km was selected as the tail dispersal distance.  

Then, the dispersal flux (fij) is calculated for each pair of nodes: 

fij = qi x pij     (2) 

where qi is the effective area (total area modified to reflect habitat quality) of node i and 

pij  is the dispersal probability.  The dispersal flux from node i to j is not symmetric to the 

dispersal flux from node j to i if the effective area of patches i and j is different; thus, two 

distinct edges exist for each pair of nodes.  From this, the total flux out of node i and total 

flux into node i are calculated: 

Fout i  = ∑
j

 fij     (3) 
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Fin i  = ∑
j

 fji     (4) 

According to Pulliam’s model (1988), a strong source patch will have a high net outflux 

and a sink will have a high influx and low outflux.  To find the net flux direction of each 

patch, the flux difference (Fout i - Fin i) was calculated.  Patches with a positive net outflux 

are considered sources, while those with a negative net outflux are considered sinks. 

 

2) What is the effect of individual patch loss (e.g. due to clearing for agriculture or 

development purposes) on the overall landscape connectivity?   

Graph diameter, the graph metric used in this portion of the analysis, provides an index of 

overall traversability of the landscape for a particular species (Urban and Keitt 2001).  

Graph diameter is defined as the “longest path between any two nodes, where the path 

length between those nodes is itself the shortest possible length” (Urban and Keitt 2001).  

To find the graph diameter, the shortest possible paths between every pair of nodes in the 

landscape are constructed.  If nodes i and j are adjacent (i.e. the distance between them is 

less than 3km), then the shortest possible path between them is the direct route.  However, 

if the nodes are not connected directly, the shortest possible path between i and j must use 

stepping stones.  The graph diameter is the longest of all of the shortest possible paths in 

the landscape.  A larger graph diameter implies that the graph is connected and is not 

split into multiple separate subgraphs; in other words, a landscape with a large graph 

diameter contains many patches that are accessible via stepping stones (Bodin and 

Norberg 2006). 
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Node removal reveals the change in landscape connectivity that occurs when a habitat 

patch is destroyed (Keitt et al 1997).  To assess the contribution of each patch to the 

graph diameter, one patch at a time was removed from the landscape and the graph 

diameter was re-calculated.  The difference between the original graph diameter and the 

graph diameter after patch removal reveals the importance of that individual patch in the 

context of the overall traversability of the landscape.  If the graph diameter after node 

removal is smaller than the original graph diameter, then the traversability of the 

landscape would decrease (i.e. fewer patches are accessible).  (Note:  in certain cases, the 

graph diameter actually increases with the removal of a patch.  This occurs when a 

stepping stone is removed, and the shortest path increases as the path is forced to take a 

more circuitous route.   However, an increased graph diameter in this case does not 

actually reflect increased connectivity.) 

 

In particular, node removal can identify crucial stepping stone patches or “cut nodes” that, 

if lost, significantly decrease the traversability of the landscape.  If the removal of a 

particular patch results in dismantling one connected graph into two subgraphs 

(components), that patch can be described as a cut node (Urban and Keitt 2001).  

Although cut nodes might appear small and of marginal value as habitat, they can serve 

as critical linkages between areas of connected habitat patches. 

 

3) Is there a well-defined “backbone” of the landscape?  If so, which patches are a 

part of this? 
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Certain patches can serve as stepping stones for many different pathways between habitat 

patches and are thus highly valuable to GCWA traveling within the landscape—a patch 

with this property can be described as having high betweenness centrality.   The 

betweenness value for a patch indicates the significance of that patch in maintaining 

landscape traversability for GCWA.  Betweenness is defined for patch i as the number of 

shortest possible paths between all pairs of nodes (not including patch i) that rely on 

patch i as a stepping stone (Bodin and Norberg 2006).  In other words, the betweenness 

value for a patch tells how many shortest possible paths cross through that particular 

patch.  The betweenness value is frequently normalized by dividing the raw score by the 

total number of possible shortest paths (in this analysis, which includes a total of 526 

patches within Fort Hood and in the surrounding study area, the total number of shortest 

possible paths is 275,100). A high betweenness score implies that the patch may be 

visited more frequently by GCWA moving through the landscape (Bodin and Norberg 

2006). 

 

4) Which patches serve as important connectors between “core area” at Fort Hood 

and habitat within the study area? 

Although Fort Hood contains 52,935 acres of GCWA habitat (Hayden 2001 as cited in 

USFWS 2005), the habitat is not contained within one contiguous block.  A patch 

centroid point was estimated for the area of GCWA habitat designated as “core” habitat 

on the eastern edge of Fort Hood.  The “core” designation means that military activities 

within this habitat area are greatly restricted when the Golden-cheeked Warbler is present 
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in Texas.  This habitat area likely serves as a strong source patch (in terms of Pulliam’s 

1988 source-sink model) for GCWA in the region surrounding Fort Hood.  

 

 Pathways between a particular patch of importance and other nearby patches can be 

constructed using graph edges with a specified threshold distance (3km in this analysis).  

All patches within 3km of the Fort Hood “core” habitat can be considered directly 

connected to this important patch, because they are likely within the maximum dispersal 

distance for GCWA.  However, it is also important to identify patches that can be 

indirectly accessed from the Fort Hood “core” habitat—that is, patches that are 

“reachable” from Fort Hood via stepping stone patches. 

 

RESULTS 

Potential GCWA habitat identification using 2004 digital orthoimagery identified 235 

patches approximately 100 acres or greater within the 15-km buffer zone outside the 

boundaries of Fort Hood (figure 1). 

 

The area calculations for each patch (figure 2) show that 23 patches have an area of 100 

acres or less, 132 patches are 100-250 acres, 55 patches are between 250-500 acres, and 

25 patches have a total area greater than 500 acres.  The “effective area” metric for each 

patch reflects the habitat quality with respect to canopy cover and edge effects (figure 3).  

The effective area of a patch is less than the actual area, because the effective area 

considers only interior forest (core area), thereby ignoring the portions of a patch that are 

within 100m of the patch edge.  A patch with an average canopy cover between 50-70% 
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will have a lower effective area than a similar-sized patch with high canopy cover due to 

the minimizing effects of the canopy cover multiplier (0.7 for a patch with average 

canopy cover less than 70%).  Of the 25 patches that have a total area greater than 500 

acres, only 7 of these have an effective area of 500 acres or more.  Likewise, of the 132 

patches with a total area of 100-250 acres, only 9 patches have an effective area greater 

than 100 acres. 

 

The graph representation of the landscape, based on a 3-km threshold distance, consists 

of 526 nodes and 3,472 edges (figure 4).  Although the GCWA habitat patches within 

Fort Hood were included as part of the landscape for all connectivity analyses, the results 

that follow highlight only those patches within the study area outside the boundaries of 

Fort Hood. 

 

The source/sink strength (based on Pulliam’s 1988 model) of each patch shows well-

connected, productive patches that likely play an important role in maintaining GCWA 

populations (figure 5).  Of the 235 patches in the study area, 108 are considered source 

patches.  Twelve strong source patches were identified, 5 of which stand out as very 

strong sources.  The remaining 127 patches with a negative net outflux are considered 

sinks.  Although sink patches can provide valuable habitat for a significant portion of the 

population, sink populations would disappear without immigration from source patches 

to maintain their numbers. 
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The change in landscape traversability (as measured by graph diameter) with patch 

removal highlights patches with significant contributions to the connectivity of the 

landscape within the study area (figure 6).  In particular, three “cut node” patches in the 

southeast portion of the study area could, if destroyed or degraded, disconnect the 

southern tier of habitat patches from the rest of the landscape.  These results indicate that 

the majority of the habitat patches delineated in this analysis have minimal individual 

impact on the overall landscape traversability. 

 

Normalized betweenness scores highlight patches that are likely to be heavily traveled by 

dispersing GCWA (figure 7).  There are a total of 275,100 possible “shortest paths” 

between every pair of patches within Fort Hood and the surrounding study area (526 total 

patches).  These results reveal the importance of the patches on the southeastern side of 

Fort Hood, which serve as stepping stones for up to 38% of the 275,100 possible 

“shortest paths.”   

 

Only 9 of the 235 patches within the study area are not accessible (directly or indirectly 

via stepping stones) from the Fort Hood “core” area using a 3km dispersal threshold 

(figure 8).  Thus, the reproductive surplus population likely emigrating from the “core” 

area can potentially reach 226 additional patches within 15 km of Fort Hood.  However, 

if dispersal distances are frequently less than 3km, the southern tier of habitat patches 

may become unreachable for GCWA. 
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The values associated with each patch in the study area are contained in a table that can 

be found in Table A-1. 

 

DISCUSSION 

Advantages to Conservation Planners 

Conservation planning requires a thorough and thoughtful examination of the landscape 

to achieve conservation goals as efficiently as possible in the face of limited financial 

resources.  Environmental Defense and its partners in the Fort Hood Recovery Credit 

System must determine how to make the most effective choices for land conservation 

surrounding Fort Hood; various components of GCWA habitat needs must be assessed to 

ensure that the combination of patches with the “best value” are conserved.  However, the 

“best” site(s) are frequently not obvious or necessarily adequate in conservation planning 

scenarios.  Likewise, different sites might best serve different purposes throughout the 

duration of the Recovery Credit System project. 

 

A proposed solution to the problems inherent in conservation planning is to identify the 

components that give a patch greater value in achieving conservation targets and then 

develop metrics to measure those components.  Patch area, quality (“effective area”), and 

connectivity metrics calculated in this analysis provide a way to rank the value of every 

patch to the Fort Hood Recovery Credit System project.  The patch area and quality 

metrics provide a fairly straightforward assessment of an individual patch as an isolated 

entity, while the connectivity metrics illustrate the role of each patch in the context of its 

surrounding landscape.  In particular, it is interesting to note the significance of Patch 78 
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in the southeast portion of the study area (figure 9) that did not rank in the top ten patches 

for either area or effective area, but it emerged as both a significant contributor to 

landscape connectivity (cut node) and as a strong source patch.  This patch provides an 

example of situations when the “best” choices for habitat conservation are not necessarily 

obvious at first glance. 

 

Six patches in the study area were highly ranked for 4 of the 6 value metrics, and 4 

patches were highly ranked for 3 of the 6 metrics (figure 9).  Although these 10 patches 

could be considered high priority patches for the Recovery Credit System, it is important 

to keep in mind that these patches derive part of their value from their functional 

connection to surrounding patches.  Additionally, landowner considerations and 

economic constraints may prevent the inclusion of these particular patches in the project.  

Because these sorts of uncertainties and limitations are abundant in conservation planning, 

it may be impossible to conserve a suite of “best choice” patches.  If the situation arises 

in which only less-than-optimal patches are available for conservation, land managers can 

use the area, quality, and connectivity metrics to compare the value of a set of 

conservation opportunities to select those that best suit the goals of this project.  The goal 

of these metrics is to aid in the decision-making process by providing a guide for 

comparison of the 235 potential patches that may be eligible for participation in the 

Recovery Credit System project. 
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Considerations in Using Patch Value Index 

Disadvantages of habitat connectivity 

The value of patch area, amount of interior area, and canopy cover for Golden-cheeked 

Warbler habitat are well-documented:  generally, more is better.  In this analysis, the 

same is assumed to be true for habitat connectivity—greater landscape traversability 

(represented by a change in graph diameter with node removal) implies a greater number 

of accessible patches.  However, disadvantages to well-connected patches must be 

considered as well:  disease, exotic species, or other disturbances may easily pass from 

patch to patch (Possingham et al 2002).  Conservation planners must consider the 

possibility that these disadvantages may outweigh any of the benefits of high 

traversability such as increased dispersal success and juvenile survival rates. 

 

Temporal dynamics 

An important consideration in any conservation planning scenario is the temporal 

dynamics within the area of concern (Gustafson 1998, Possingham et al 2002, Meir et al 

2004).  The results of this analysis are based on a static snapshot of Fort Hood and the 

surrounding study area.  However, changes in habitat quality or loss of habitat altogether 

can occur.  Habitat loss would particularly affect the connectivity metrics which are 

based on the spatial relationships between patches.  All connectivity metrics used in this 

analysis would likely shift with any habitat loss within Fort Hood and the area 

immediately outside its boundaries.  Fortunately, future habitat loss within Fort Hood is 

likely to be minimal; the current Biological Opinion anticipates a maximum loss of 

approximately 3% of the total GCWA habitat within the boundaries of Fort Hood over 
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the next 5 years and subsequent 5-year periods (USFWS 2005).  Likewise, because 

GCWA habitat is protected by Section 9 of the Endangered Species Act, widespread 

habitat loss in the area surrounding Fort Hood is unlikely to occur.  Thus, it is expected 

that the connectivity metrics calculated here are not likely to be significantly impacted in 

the immediate future, and they may continue to provide accurate values for use in land 

management decisions. 

 

While temporal changes could include habitat degradation or loss, it is also important to 

consider the possibility of improvements in habitat quality over time.  In particular, 

patches that are currently within the 50-70% average canopy cover range could mature 

into high-quality habitat with high canopy cover in the next 10-20 years. 

 

Uncertain dispersal data 

Functional connectivity is species-specific, and a single landscape will have a range of 

functional connectivity values for the various species that inhabit that landscape.  As 

previously discussed, a threshold distance of 3km was used in this analysis to present a 

conservative estimate of the functional connectivity.  However, it is important to note that 

if GCWA frequently disperse distances greater than 3km, then the landscape’s functional 

connectivity is actually greater than this analysis indicates.  For instance, the three 

patches in the southeast portion of the study area that are considered cut nodes at a 3km 

threshold distance would not likely play as significant a role in maintaining landscape 

connectivity if the average dispersal distance is closer to 10 km.  On the other hand, if 
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GCWA rarely disperse distances greater than 2km, the functional connectivity of this 

landscape is less than this analysis indicates. 

 

Graph theory provides an ideal tool for analyzing connectivity over large scales even 

when dispersal data is limited.  Preliminary analysis can still be revealing, even without 

long-term population data, and the metrics calculated here can easily be recalculated as 

more GCWA dispersal data is obtained.  In the meantime, this analysis can serve as a 

guide to indicate where potentially sensitive areas are located. 

 

Non-habitat matrix 

In this analysis, it is assumed that an almost binary habitat vs. non-habitat landscape 

exists for Golden-cheeked Warblers in the region surrounding Fort Hood.  However, it is 

possible that some types of non-habitat are more suitable for GCWA than others, and 

thus some dispersal routes are more likely than others.  While I am not aware of any data 

currently available on this subject, future research may reveal greater costs of travel in 

certain types of non-habitat.  The graph theory applications used in this analysis can be 

easily revised such that resistance-weighted dispersal distances can be used to define 

edges (Bunn et al. 2000). 

 

CONCLUSIONS 

The area, quality (“effective area”), and connectivity metrics calculated in this analysis 

provide a way to compare the value of every patch to the Fort Hood Recovery Credit 

System project for the Golden-cheeked Warbler.  Investigation of 2004 orthoimagery 
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revealed 235 potential habitat patches present in the 15km region surrounding the 

boundaries of Fort Hood.  Land managers administering the Recovery Credit System may 

encounter various economic and social challenges in choosing the patches most suitable 

for accomplishing the goals of this project.  The value index developed here may serve as 

a habitat prioritization guide to aid conservation planners in the decision-making process.  

As new data becomes available and as the Recovery Credit System project continues into 

the future, the values and graph theory models illustrated here can be revised to reflect 

changes in the landscape, habitat quality, or Golden-cheeked Warbler population data. 
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Figure 1.  Study area in Texas.  Fort Hood is illustrated in dark gray, with a bold line indicating the 

area within 15km of the boundaries of Fort Hood, encompassing the areas eligible for participation 

in the Golden-cheeked Warbler Recovery Credit System.  Potential Golden-cheeked Warbler habitat 

patches within the study are depicted in black. 

 



 
Figure 2.  Total area of patches within study area. 

 



 
Figure 3.  Effective area of patches within study area, calculated using core area (interior area 100m 

from edge) and a canopy cover multiplier (0.7 for average canopy cover less than 70%, and 1.0 for 

canopy cover greater than 70%). 



 
Figure 4.  Representation of landscape connectivity using graph theory “nodes” and “edges.”  Edges 

are drawn when edge-to-edge distances between patches are 3km or less. 

  

 



 
Figure 5.  Patch source/sink strength (based on Pulliam’s 1988 model). 



 
Figure 6.  Decrease in graph diameter occurring with node removal. 

 



 
Figure 7.  Normalized patch betweenness scores indicate the proportion of shortest possible paths 

relying on that particular patch as a stepping stone.  A high betweenness score implies that the patch 

may be visited more frequently by Golden-cheeked Warblers moving through the landscape.  

Patches with high betweenness scores highlight a well-connected “backbone” of the landscape in the 

southeast portion of the study area. 



 
Figure 8.  Possible pathways connecting patches to Fort Hood “Core” Area Golden-cheeked Warbler 

habitat. 

 



 
Figure 9.  Patches were ranked for each of 6 categories.  Patches depicted in dark black here rank in 

the top ten for at least 3 of the 6 value categories. 



Table A-1.  Patch values (see following map for patch ID locations)

Id
Area_
Acres

Core_
Acres

Canopy_
Factor Eff_Acres

Cut_
Node Net_Flux Delta_Diam Bet_Norm

Ft_Hood_
Conn

1 313 197 1.0 197 0 21.14810 -956 0.02949 1
2 436 232 1.0 232 0 0.89137 -289 0.06491 1
3 252 150 0.7 105 0 -1.23533 0 0.00028 1
4 161 26 0.7 18 0 -8.94492 -289 0.06824 1
5 110 16 0.7 11 0 -6.11012 -372 0.03991 1
6 129 40 1.0 40 0 -0.40829 0 0.01452 1
7 339 174 1.0 174 0 4.22082 0 0.00000 1
8 300 130 1.0 130 0 -29.15990 0 0.00374 1
9 118 17 0.7 12 0 -8.23806 0 0.00000 1

10 261 82 1.0 82 1 0.00000 0 0.00000 1
11 124 17 1.0 17 0 -44.01533 0 0.00000 1
12 128 22 0.7 15 0 -2.53032 0 0.00754 1
13 225 94 0.7 66 0 -0.50287 -1386 0.03671 1
14 201 118 0.7 83 0 13.09530 -951 0.03311 1
15 202 77 1.0 77 0 14.42638 0 0.00000 1
16 80 8 1.0 8 0 -1.54927 542 0.00000 1
17 177 22 1.0 22 1 -0.50477 542 0.00374 1
18 124 20 1.0 20 0 0.49787 0 0.00000 1
19 68 19 1.0 19 0 -0.17649 0 0.00000 1
20 146 64 1.0 64 1 -0.04522 6133 0.01486 1
21 90 22 1.0 22 0 -4.87680 -359 0.01854 1
22 157 65 1.0 65 1 4.87680 9948 0.02220 1
23 152 58 1.0 58 0 -1.52085 0 0.00000 1
24 420 255 0.7 178 0 3.50000 0 0.00374 1
25 101 30 1.0 30 1 -0.57387 5893 0.01118 1
26 254 82 1.0 82 1 -0.03681 10003 0.02585 1
27 1594 1196 1.0 1196 0 686.11647 -1430 0.16068 1
28 211 74 1.0 74 0 0.76075 -729 0.13279 1
29 403 143 1.0 143 0 9.48096 -648 0.13426 1
30 203 102 1.0 102 0 71.25471 0 0.05663 1
31 113 26 1.0 26 0 -71.25471 0 0.05344 1
32 409 248 1.0 248 0 60.78340 -779 0.16497 1
33 322 119 0.7 83 0 9.52968 -779 0.16082 1
34 146 62 0.7 43 0 -0.19324 0 0.02949 1
35 406 270 1.0 270 0 -16.47479 -531 0.16630 1
36 152 32 1.0 32 0 -0.25312 0 0.00756 1
37 622 401 0.7 281 0 4.30364 0 0.00000 1
38 361 170 1.0 170 0 8.70727 0 0.00370 1
39 182 75 0.7 52 0 -10.13575 0 0.00002 1
40 265 139 0.7 97 0 8.31532 0 0.00742 1
41 299 87 1.0 87 0 3.04370 0 0.00375 1
42 744 498 0.7 349 1 7.63408 0 0.02586 0
43 277 157 1.0 157 0 10.13575 0 0.01110 1
44 80 30 1.0 30 0 -4.59697 0 0.00000 1
45 107 25 0.7 17 0 3.28095 0 0.00007 1
46 417 273 0.7 191 0 -0.96929 0 0.07104 1
47 77 14 1.0 14 0 -7.39950 0 0.01243 1
48 81 3 1.0 3 0 -9.65442 0 0.01041 1



Id
Area_
Acres

Core_
Acres

Canopy_
Factor Eff_Acres

Cut_
Node Net_Flux Delta_Diam Bet_Norm

Ft_Hood_
Conn

49 211 80 1.0 80 0 -2.98476 0 0.00915 1
50 103 28 1.0 28 0 0.29886 0 0.00000 1
51 160 22 1.0 22 0 3.09596 0 0.00000 1
52 146 13 1.0 13 0 -0.18427 0 0.07346 1
53 967 706 1.0 706 0 53.37629 -279 0.19767 1
54 609 404 0.7 283 0 -2.79364 -213 0.19754 1
55 363 221 1.0 221 0 15.53464 -19 0.27649 1
56 192 29 1.0 29 0 1.26150 0 0.00749 1
57 165 53 0.7 37 0 6.58261 -983 0.30318 1
58 212 8 1.0 8 0 -6.58261 0 0.01136 1
59 643 386 1.0 386 0 12.86441 0 0.02001 1
60 242 132 1.0 132 0 -0.85114 0 0.00004 1
61 650 288 0.7 202 0 1.95942 0 0.03462 1
62 165 47 0.7 33 0 -14.74190 0 0.03788 1
63 389 203 0.7 142 0 0.85114 0 0.00000 1
64 246 134 0.7 94 0 -15.74857 0 0.00369 1
65 992 567 1.0 567 0 35.45866 -1660 0.31058 1
66 218 75 1.0 75 0 61.10473 0 0.00971 1
67 245 108 1.0 108 0 -0.62347 -383 0.29990 1
68 346 229 1.0 229 0 0.15922 0 0.00927 1
69 193 62 1.0 62 0 -141.65535 0 0.00123 1
70 205 90 1.0 90 0 -22.69463 0 0.00612 1
71 353 219 1.0 219 0 22.69463 0 0.00363 1
72 105 23 1.0 23 0 -0.99405 0 0.01311 1
73 127 56 1.0 56 1 -0.03117 26844 0.37473 1
74 124 44 1.0 44 0 -4.85118 -342 0.35369 1
75 683 257 1.0 257 1 14.04380 0 0.01949 1
76 113 37 0.7 26 0 -5.46940 0 0.00000 1
77 149 73 0.7 51 0 5.46940 0 0.00092 1
78 720 397 0.7 278 1 122.39284 26844 0.37823 1
79 159 58 1.0 58 1 -122.39284 26844 0.37649 1
80 95 13 1.0 13 1 -5.58972 0 0.00746 1
81 121 12 0.7 8 0 -3.39320 0 0.00000 1
82 124 30 0.7 21 0 3.39320 0 0.00374 1
83 175 73 1.0 73 0 7.16291 0 0.00551 1
84 968 546 1.0 546 0 3.60877 -2260 0.32239 1
85 471 322 0.7 225 0 18.75540 -1249 0.32270 1
86 114 30 1.0 30 0 5.52615 0 0.00879 1
87 115 44 0.7 31 0 3.81705 0 0.01240 1
88 700 456 0.7 319 0 31.35083 0 0.00000 1
89 178 83 0.7 58 0 34.65641 0 0.00000 1
90 60 20 1.0 20 0 -34.65641 0 0.00000 1
91 130 62 0.7 43 0 -0.69029 0 0.00000 1
92 179 22 1.0 22 0 -0.51570 0 0.00000 1
93 108 45 1.0 45 0 -1344.62956 0 0.00000 1
94 344 170 1.0 170 0 -126.68246 0 0.01740 1
95 656 337 1.0 337 0 126.68246 0 0.02024 1
96 115 34 1.0 34 0 -252.02442 0 0.02740 1
97 266 87 1.0 87 0 -192.57800 0 0.00000 1



Id
Area_
Acres

Core_
Acres

Canopy_
Factor Eff_Acres

Cut_
Node Net_Flux Delta_Diam Bet_Norm

Ft_Hood_
Conn

98 234 125 1.0 125 0 -65.11322 0 0.03096 1
99 754 197 1.0 197 0 -11.03635 -2413 0.35763 1

100 817 510 1.0 510 0 -26.89279 -2018 0.32449 1
101 137 13 1.0 13 0 -6.05380 0 0.00374 1
102 217 77 1.0 77 0 58.36869 0 0.00000 1
103 146 35 1.0 35 0 -137.14403 0 0.05034 1
104 199 29 1.0 29 0 -0.67345 0 0.06611 1
105 742 476 1.0 476 0 8.12105 0 0.06318 1
106 132 55 1.0 55 0 -13.25598 0 0.00326 1
107 119 41 1.0 41 0 2.76834 0 0.00009 1
108 136 29 1.0 29 0 7.14895 0 0.01083 1
109 271 100 1.0 100 0 5.91230 0 0.01362 1
110 121 48 1.0 48 0 -3.85300 0 0.01660 1
111 145 59 1.0 59 0 -19.03325 0 0.01963 1
112 458 147 1.0 147 0 -3.36170 0 0.00645 1
113 176 66 1.0 66 0 -14.20905 0 0.00505 1
114 224 111 1.0 111 0 -4799.42599 0 0.00000 1
115 119 32 1.0 32 0 -173.42483 0 0.00204 1
116 185 74 1.0 74 0 -127.74074 0 0.02302 1
117 123 24 0.7 17 0 -1.24191 0 0.00000 1
118 269 140 1.0 140 0 -4.58342 0 0.00372 1
119 127 36 1.0 36 0 11.59098 0 0.00017 1
120 434 245 1.0 245 0 4.58342 0 0.02643 1
121 156 72 1.0 72 1 0.89536 0 0.00004 1
122 147 45 0.7 31 0 2.21263 0 0.00000 1
123 86 16 0.7 11 0 -4.58556 0 0.00374 1
124 130 32 0.7 22 1 4.58556 0 0.00746 1
125 212 90 0.7 63 1 -1.39349 0 0.00004 1
126 84 17 0.7 12 0 -16.27778 0 0.00002 1
127 477 229 0.7 160 0 16.27778 0 0.00000 1
128 108 25 0.7 17 0 -1.10292 0 0.00000 1
129 84 20 0.7 14 1 0.18240 0 0.00006 1
130 2149 1336 0.7 935 0 55.55900 0 0.04009 1
131 584 315 1.0 315 0 27.24514 0 0.02527 1
132 101 28 1.0 28 0 -0.27977 0 0.00000 1
133 201 60 0.7 42 0 -1.21264 0 0.01535 1
134 228 120 1.0 120 0 0.89692 0 0.04135 1
135 354 168 1.0 168 0 2.71808 0 0.00002 1
136 254 127 1.0 127 0 33.37212 0 0.00377 1
137 119 22 1.0 22 0 0.22928 0 0.00047 1
138 92 20 1.0 20 0 -11.59098 0 0.00181 1
139 182 71 1.0 71 0 1.55382 0 0.00000 1
140 493 198 1.0 198 0 2.76133 0 0.00637 1
141 278 48 0.7 34 0 0.05944 0 0.06572 1
142 192 102 0.7 71 0 -1.36449 0 0.01269 1
143 361 137 1.0 137 0 1.40487 0 0.00000 1
144 117 20 1.0 20 0 -3.39317 0 0.00144 1
145 735 383 1.0 383 0 3.53043 0 0.09703 1
146 187 64 0.7 45 0 0.39005 0 0.00128 1



Id
Area_
Acres

Core_
Acres

Canopy_
Factor Eff_Acres

Cut_
Node Net_Flux Delta_Diam Bet_Norm

Ft_Hood_
Conn

147 220 69 1.0 69 0 33.70787 0 0.09085 1
148 131 20 1.0 20 0 -3.28095 0 0.01980 1
149 342 129 1.0 129 0 22.84111 0 0.01273 1
150 96 21 0.7 15 0 -2.44394 0 0.01643 1
151 196 54 1.0 54 0 10.00487 0 0.01700 1
152 122 30 1.0 30 0 -10.00487 0 0.06529 1
153 197 107 1.0 107 0 11.70476 0 0.00014 1
154 184 22 1.0 22 0 -22.84111 0 0.00310 1
155 148 52 1.0 52 0 14.03205 0 0.00583 1
156 91 24 1.0 24 0 -9.24971 0 0.00985 1
157 121 38 1.0 38 0 -0.31145 0 0.00236 1
158 153 42 1.0 42 0 -0.79677 0 0.09751 1
159 215 52 1.0 52 0 0.79677 0 0.00979 1
160 254 32 1.0 32 0 -19.09985 0 0.00646 1
161 145 25 1.0 25 0 -0.45293 0 0.00149 1
162 132 43 1.0 43 0 -0.56699 0 0.00479 1
163 92 4 1.0 4 0 -4.58396 0 0.00427 1
164 289 76 1.0 76 0 2.47483 0 0.00528 1
165 86 13 1.0 13 0 -191.96582 0 0.00114 1
166 482 187 1.0 187 0 6.91009 0 0.04786 1
167 422 194 1.0 194 0 26.22730 0 0.00000 1
168 270 165 1.0 165 0 2.08624 0 0.00372 1
169 71 4 1.0 4 0 -1.05380 0 0.00659 1
170 119 35 1.0 35 0 -11.86781 0 0.02575 1
171 170 40 0.7 28 0 1.25183 0 0.00038 1
172 220 108 1.0 108 0 1.32903 0 0.00333 1
173 286 66 0.7 46 0 -0.49576 0 0.00637 1
174 122 51 1.0 51 0 -46.48748 0 0.00000 1
175 118 31 0.7 22 0 -58.46040 0 0.01072 1
176 180 81 1.0 81 0 -1.32767 0 0.03985 1
177 147 4 1.0 4 0 -5.74678 0 0.01324 1
178 100 36 1.0 36 0 -39.22624 0 0.02233 1
179 58 15 1.0 15 0 -127.16068 0 0.02126 1
180 251 50 1.0 50 0 -1.67490 0 0.04009 1
181 105 28 0.7 20 0 -195.80690 0 0.00374 1
182 118 33 0.7 23 0 0.92282 0 0.00734 1
183 759 501 0.7 351 0 39.25309 0 0.00000 1
184 293 158 0.7 111 0 5.23186 0 0.01778 1
185 299 125 0.7 87 0 1.33193 0 0.00347 1
186 178 34 0.7 24 0 -0.50831 0 0.00040 1
187 114 9 0.7 6 0 -17.31742 0 0.00005 1
188 168 38 1.0 38 0 0.05008 0 0.00009 1
189 158 56 0.7 39 0 -115.61516 0 0.01822 1
190 209 51 0.7 36 0 -123.67683 0 0.02696 1
191 405 255 0.7 178 0 123.67683 0 0.00547 1
192 314 161 0.7 113 0 -27.51567 0 0.01471 1
193 1045 487 0.7 341 1 3.78606 0 0.01117 1
194 548 310 1.0 310 0 123.28855 0 0.03226 1
195 130 51 0.7 36 0 -0.04491 0 0.02496 1



Id
Area_
Acres

Core_
Acres

Canopy_
Factor Eff_Acres

Cut_
Node Net_Flux Delta_Diam Bet_Norm

Ft_Hood_
Conn

196 791 511 1.0 511 0 13.74657 0 0.03581 1
197 175 77 0.7 54 0 0.23948 0 0.00000 1
198 102 30 0.7 21 0 -1.58696 0 0.04050 1
199 78 15 0.7 10 0 -1.69035 0 0.00376 1
200 304 109 0.7 76 0 -0.11546 0 0.00000 1
201 217 67 0.7 47 1 6.00833 4432 0.01854 1
202 74 17 0.7 12 0 -2.33769 0 0.00478 1
203 184 65 0.7 45 0 0.38932 0 0.00357 1
204 149 28 0.7 20 1 -0.55046 4432 0.01486 1
205 91 28 1.0 28 0 -1.23139 -2827 0.02514 1
206 162 51 1.0 51 0 11.07934 -2827 0.02830 1
207 153 25 0.7 17 0 -11.07934 0 0.00000 1
208 169 18 0.7 13 0 -0.86890 -1577 0.03492 1
209 268 17 0.7 12 0 -0.06963 -956 0.04183 1
210 220 56 0.7 39 0 0.56349 -1508 0.03834 1
211 291 163 0.7 114 0 2.67564 0 0.00000 1
212 88 31 1.0 31 0 -0.74818 -590 0.01117 1
213 82 31 1.0 31 0 -2.16108 -596 0.00746 1
214 227 118 0.7 83 0 2.16108 601 0.00000 1
215 126 33 0.7 23 0 -0.10132 0 0.03101 1
216 375 235 1.0 235 0 41.16850 0 0.00000 1
217 129 36 1.0 36 0 -1.37643 0 0.02361 1
218 227 119 1.0 119 0 1.90625 0 0.02312 1
219 199 94 1.0 94 0 0.59758 0 0.03477 1
220 288 79 0.7 55 0 0.00000 0 0.01360 1
221 132 51 1.0 51 0 -3.64804 0 0.00832 1
222 275 161 1.0 161 0 3.92620 0 0.02246 1
223 167 79 0.7 55 0 -3.92620 0 0.00002 1
224 804 368 1.0 368 0 52.91080 0 0.02733 1
225 101 43 1.0 43 0 -1.40340 0 0.00000 1
226 244 97 0.7 68 0 0.14102 0 0.01062 1
227 119 18 1.0 18 0 -2.08706 0 0.02343 1
228 252 121 1.0 121 0 7.10467 0 0.02000 0
229 105 11 1.0 11 0 -7.44525 0 0.01260 0
230 229 28 0.7 20 0 -0.23168 0 0.01762 0
231 306 149 1.0 149 0 -0.62391 0 0.01416 0
232 158 25 0.7 17 0 -27.96434 0 0.00000 0
233 520 256 0.7 179 0 0.62391 0 0.00908 0
234 180 41 1.0 41 0 0.23168 0 0.00555 0
235 259 85 0.7 59 0 1.29908 -2827 0.04534 0




