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Preface:  The story, influences, and purpose of the project 
 
The Agrestal Fund of the Iowa Natural Heritage Foundation  is 
moved by the mission, “to create models which help us imagine 
how a wilder, more authentic Iowa would look and feel to our own 
species and the others with whom we share this place.”   The 
“Ioway Project for Connectivity” was created to activate these 
ideas, and as the original coordinator, I was given the opportunity 
to initiate and coordinate a landscape mapping process by 
applying knowledge in ecology, wildness concepts, and GIS 
(geographical information systems), technology by specifically 
creating state, regional, and parcel-level maps envisioning 
opportunities for greater connectivity.  I was immediately 
influenced by models such as those presented by the Wildlands 
Project and shown in Figure 1 (Gutzwiller, 2002).   
 
A diverse community representing many angles of the Earth – 
Human conundrum formed to discuss the Ioway Project for 
Connectivity, and we eventually learned that for this time and this 
place, connectivity is as much about connecting people as it is 
about connecting the land.  The following report presents the  
visual portion of the project, and I hope that these maps, models, 

images, and visions can help in telling  our stories and in 
stimulating  our new visions.   

Figure 1. 
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Figure 2.  From Gutzwiller (2002) 
   

 
1.  Background information on “Connectivity” 
 
With the agriculture, commercial hunting, and landscape conversion brought by 
settlement, Iowa’s native landscape was substantially altered, and native flora 
and fauna communities and populations generally declined (Zohrer, 2005).  
Although past and ongoing protected land acquisition, planning and 
management have successfully restored many populations and some 
communities, a broad array of species lack the habitat and resources  necessary 
to attain population viability (Verboom and Pouwels, 2004).   Habitat can be 
defined as a species-specific term for a set of conditions a species needs to feed, 
survive, and reproduce (Verboom and Pouwels, 2004), and many ecologists 
associate habitat with meeting the life cycle and population needs for dispersal, 
local movements, and migration (Gutzwiller, 2002; Jongman and Pungetti, 
2004).  With the objective of increasing habitat and population viability, many 
conservation and restoration efforts have emphasized the need for land 
acquisition.  This strategy, though necessary, is not enough, as Massa et al. 
(2004) commented,  
 
“While the total area officially protected under the establishment of any kind of 
parks and reserves had continued to increase over time, an equally continuous 
loss of biodiversity was occurring, not only outside those areas but even well 
within the borders [. . . ] It is not possible to create an effective and lasting 
system by means of an archipelago of small parks and reserves, not even though 
they were numerous, covering significant area and including an adequate 
representation of all natural landscapes.”   In Iowa, where public conservation 
lands are only 1.7 percent of the landscape (Zohrer, 2005), this trend may be 
particularly relevant. 
 
Massa et al. (2004)  associated the shortcomings of the protected lands with the 
lack of adjacent habitat available for dispersal and  migration, and detailed the 
development of ecological networks that would facilitate movement between 
isolated populations and thus prevent inbreeding and promote the viability of 
species dependent on large territory ranges  Fundamentally, species evolved in 
highly connected systems, and have had little time to adapt to human induced 
changes that prevent movement (Gutzwiller, 2002).  Some argue that patterns of 
organism distribution and abundance result from movements that are largely 
controlled by landscape linkages of useable habitat, and these patterns of 
connectedness are critical to species conservation.   
 
To account for these needs, some ecologists promote  ecological networks  that 
include large, protected core areas linked by protected and buffered landscape 
corridors to facilitate natural movements as illustrated in Figure 1 (Soule’ and 
Terborgh, 1999). Some see informal core areas and corridors areas as possible 

with the perspective of Bouwma et al (2004) who observe, “Mosaic landscapes 
consisting of forests and extensively used grasslands have a high potential as 
dispersal corridors for many vertebrate species provided that no large barriers 
(infrastructure, urbanization) occur. These areas can be multifunctional if 
biodiversity considerations are taken into account.”   
 
Studies in landscape ecology consistently emphasize the value of landscape 
“connectedness,” or the degree of physical connection between patches (Farina, 
1998),  and the consideration of “connectivity,” which can be defined as,  “The 
parameter to measure the processes by which the subpopulations of a landscape 
are interconnected into a demographic functional unit,” or as “the degree to 
which the landscape facilitates or impedes movement of organisms among 
resource patches,”  (Adriaensen et al., 2003).   
 
In Figure 2, Gutzwiller (2002) illustrates landscape patterns that lead to higher 
population viability with habitat connectivity.  The figure can be applied to 
fauna of many species because of its abstraction; a resounding theme throughout 
landscape ecology literature is the species-specific nature of connectivity.   The 
effectiveness of a corridor or a landscape configuration in sustaining a flora or 
fauna population is specific to the unique characteristics of the species, and may 
vary within species depending on the stage of the life cycle an organism is 
experiencing (Bouwma, 2004).   

  
Regardless of species or even kingdom, certain impediments are universally 
detrimental to functional connectivity.  Land development particularly 
associated with highways and major thoroughfares can seriously affect the 
habitat specialists and larger, carnivorous forms of wildlife with road mortality 
and non-adaptive behavior (Jongman and Pungetti, 2004).  
Following the trends presented here and evident  in literature, connectedness and 
connectivity can be considered on several levels as emphasized in this project.   
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2.  Project objectives, questions, background and structure 
 
The overall objective of this study is to “Explore connectedness and 
connectivity” at the three distinct scales:  The Iowa level, the 4-county regional 
level, and the small parcel / farm level.  It is led by the questions:  What tools 
are available to model and measure connectivity, and how effective are these 
tools?   At the large scale, I analyze the state of Iowa with the objective to 
abstractly identify areas of interest, priority, and opportunity for greater 
connectedness.  The work is influenced by literature which analyzes and 
overlays broad land use and land protection categories that include Biosphere 
Reserves, Important Bird Areas, and land cover types, and protective needs.   
 
At the regional scale, I use a combination of approaches to:  (1) analyze least-
cost paths between large core area regions under different land use scenarios in 
approaches similar to those tested by Adriaensen et al.(2003), (2) analyze patch 
configuration changes with the FRAGSTATS program for each of the core area 
regions, and compare changes to landscape configuration and composition 
between changing land use scenarios and the core regions.   
 
At the small scale, I intensively analyze farms in a small part of a watershed to 
examine small-scale differences between land units.  My objective was to use 
feasible scenarios to consider the effect of real choices available to area 
landowners.  For my study, I use ArcGIS tools and FRAGSTATS.   
 
Due to the substantial species differences addressed previously, I was unable to 
use the needs and habits of an umbrella or target species in the creation of 
movement paths.  Such information is very labor-intensive and requires a set of 
knowledge that is difficult to model accurately.  The paths, land cover data 
preparation and connectivity indices were thus created to foster “structural” 
connectivity rather than “functional” connectivity.  Structural connectivity 
(otherwise known as connectedness)  addresses the spatial relationships of 
adjacent habitat patches rather than the feasibility of the habitat configuration to 
meet actual species needs and habits (Farina, 1998).   
 
The data displayed in Table 1  were used throughout the project. 
 
Table 1.  Project data types and sources 

Category Components Description Acquisition site  or 
citation 

Public and 
Non-
government 

Iowa Natural Heritage 
Foundation (INHF) 
landowner parcels 

Privately-owned lands in 
habitat-oriented trust or 
easement status 

INHF GIS specialist 

protected 
lands 

The Nature 
Conservancy (TNC) 
landowner parcels 

Privately-owned lands in 
habitat-oriented trust or 
easement status 

TNC GIS specialist 

Iowa Department of 
Natural Resources 
(DNR) Owned Land 

  DNR Wildlife Bureau GIS 
specialist 

Iowa Department of 
Natural Resources 
(DNR) Managed Land 

  DNR Wildlife Bureau GIS 
specialist 

Iowa GAP Land 
Stewardship layer   

 
Iowa DNR GIS library – 
Geologic Survey 
http://www.igsb.uiowa. 
edu/nrgislibx/ 

 

US Fish and Wildlife 
Service (FWS) managed 
and acquisition plan 
lands 

   USFWS  http://www.fws. 
gov/data/gishome.html 

Private 
incentive land 

Private recommendation 
land 

Private land receiving DNR 
private lands specialist 
recommendations 

DNR Wildlife Bureau GIS 
specialist 

LIP (Landowner 
Incentive Program) 
zones 

Land within DNR  LIP zones 
aimed for habitat-oriented 
conservation practices 

DNR Wildlife Bureau GIS 
specialist 

Priority areas 

Important Bird Area 
(IBA) 

Designated by Iowa Audubon 
society 

DNR Wildlife Bureau GIS 
specialist 

Bird Conservation Area 
(BCA) 

Presented in Iowa 
Comprehensive Wildlife 
Management Plan 

DNR Wildlife Bureau GIS 
specialist 

Prairie Pothole Joint 
Venture (PPJV) 

Presented in Iowa 
Comprehensive Wildlife 
Management Plan 

DNR Wildlife Bureau GIS 
specialist 

Iowa Natural Heritage 
Foundation (INHF) 2006 
priority areas 

Planned by INHF for 2006 INHF GIS specialist 

The Nature 
Conservancy (TNC) 
2006 priority areas 

Planned by TNC for 2006 TNC GIS specialist 

Land 
Characteristics 

Rare flora & fauna Point sightings of rare and 
endangered species DNR Botanist 

Soils indicative of rare 
flora Soils associated with rare flora  DNR Botanist 

Habitat 

Habitat is comprised of 
Wetland, Wet forest, Coniferous 
forest, Deciduous forest, 
Ungrazed Grasslands, Grazed 
grasslands, CRP, Alfalfa, winter 
wheat, lush grass 

2002 Land cover via 
LANDSAT imagery 

 
3.  State level analysis 
 
The state level analysis was driven by the question:  Where would you place 
protected habitat corridors on a visionary map?  It used the density function to 
highlight the areas of concentration of features of interest regarding connectivity 
within Iowa.   It used both generally available and sensitive/classified 
information at the Public Land Survey System Section level scale to present 
general trends. The section-level data generated by the preparation process could 
also be used in the pursuit of generalized but place-based planning.   
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Figures 3-12 
present the state-
level results of 
this modeling.  
Figure 12, 
“Additive equal 
weight density,” 
adds each of 
these layers 
to identify 
the areas 
with the 
highest 
density of 
multiple 

desirable features.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Protected 
and priority public and 
private lands (2006) 

Figure 4.  Private 
lands with DNR 
wildlife management  
recommendations  
(2006) 

Figure 5.  Private  
and public lands 
with easements or 
protection (2006) 

Figure 6.  Agency 
and NGO Priority 
areas density  

Figure 7.  Rare 
flora and fauna 
density  

Figure 8.  Density 
of soils indicative 
of rare flora  
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Figure 9. Mean perennial vegetation land cover density per 32 
acres.  The land cover was acquired from 2002 LANDSAT satellite 
imagery, classified for habitat, and converted to points per 180m2 
using center of gravity.  

Figure 11. Managed and priority lands densities.  Protected, priority, and 
easement land shape files (From Figures 3-6) were summed and are 
presented here with additive density.   
 
           

          
        

  

Figure 10. Favorable characteristic land attribute densities.  “Favorable” 
defined as the combination indicative soils, rare species, and perennial 
cover density values.    Created from the addition of values presented 
Figures 7-9.     
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  4.  Regional Level Analysis 
 
The 4-county region including Neal Smith Wildlife Refuge and the Chichaqua 
complex (Jasper, Marion, Warren and Polk counties) was evaluated for existing 
landscape connectivity patterns and for the changes in connectivity resulting 
from land use change scenarios (Table 3).  The region is presented in Figure 13   
  Specifically, least-cost paths were identified and analyzed to connect the four 
major core protected areas (Neal Smith refuge, Red Rock Reservoir, the 
Chichaqua Complex and the Saylorville Reservoir/Brushy Creek Complex) with 
existing and scenario-based land cover surfaces, and each of the regions were 
analyzed for descriptive statistics and FRAGSTATS configuration patterns.  
This section asks:  How different are the regions between the scenarios and 

among each other?   How do impediments such as roads and path distance affect 
the path development, and how are these different between the regions?     
 
The major tools used to execute this analysis were the least cost function in the 
ArcMap Spatial Analysis Distance toolbox, and the FRAGSTATS program.  
FRAGSTATS evaluates spatial configuration patterns as described in Table 2.  
The least cost path function calculates paths to travel from one or several  source 
features to a destination feature along  what ArcMap creators call  “the cheapest 
route, relative to the cost units defined by the original cost raster that was input 
into the weighted-distance function.”   
 
Table 2.  FRAGSTATS metrics and relevant interpretation background 
used in all calculations.   

Metrics Description Quick comparative 
assessment  

Patch 
Perimeter: 

area (PARA) 

PARA is a simple measure of shape 
complexity, although it varies with the size of 

the patch.  For example, holing shape 
constant, an increase in patch size will 
decrease PARA.  Circular patches and 
reserves maintain higher richness and 

abundance than do elongated ones (Farina, 
1998).    

 
↓ favorable 

Patch 
Euclidean 

Nearest Neigh. 
(ENN) 

Nearest neighbor distance is defined using 
simple Euclidean geometry as the shortest 

straight-line distance between the focal patch 
and its nearest neighbor of the same class.   

 
↓ favorable  

Patch density PD equals the number of patches of the patch 
type divided by total landscape area (m2), 
multiplied by 10,000 and 100 (to convert to 

100 hectares).   

 

Contiguity 
index mean 

Within the nine cell neighborhood surrounding 
each focal cell, large, continuous patches 

result in larger contiguity index values.  
Isolated patches are more vulnerable to 
external disturbance, and internal nests 

experience more predation (Farina, 1998).     

↑ favorable 

Clumpy index The clumpiness index is calculated from the 
adjacency matrix, which shows the frequency 

with which different pairs of patch types 
(including like adjacencies between the same 
patch type).  Appear Sid-by-side on the map.  

It is scaled to account for the fact that the 
proportion of like adjacencies will approach 0 
for a completely random distribution. , and 1 

when the class is maximally clumped.   

 
 
 

“1” favorable 

Cohesion 
Index 

Within the non-cell neighborhood, large, 
contiguous patches result in larger contiguity 

index values.  It approaches 0 as the 
proportion of the landscape that comprises of 

the focal class decreases and becomes 
increasingly subdivided and less physically 

connected.  This is indicative of fragmentation, 
and has numerous negative effects on 
population reproductive success and 

vulnerability (Farina, 1998).     

 
↑ 

 Favorable 

Figure 13.  Analysis region.  
The regional analysis was 
executed in Polk, Jasper, 
Marion and Warren counties 
and consists of these core 
protected areas.  Areas 
surrounded by “protected area 
5 mile region” as unit of core 
area region analysis.   
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Aggregation 
Index 

AI equals 0 when the focal patch type is 
maximally disaggregated (i.e. with no like 

adjacencies), and increases as the focal patch 
type is increasingly aggregated and equals 

100 when the patch type is maximally 
aggregated into a single, compact patch.   

 
↑ favorable 

 
 

Table 3. Regional analysis scenario key 
Scenario code Title 

0 Original, existing land cover 

1 Incorporated areas 0.5 mile expansion 

2 Conversion of CRP land on less than to 9% slope to 
cropland 

3 Conversion of cropland on 9% or greater slopes to CRP 

 

 
Composition and configuration across scenarios 

 
In the regional analysis, the “region”, or 5-mile radius area, around each “core 
area”, or complex of protected land, was described with composition and 
configuration information, and analyzed for differences resulting from 
hypothetical scenarios of land use change.  Figure 13 displays the core area 
regions.   
 
Figure 14 compares the existing vegetation composition for each of the regions 
of the core areas.   The 4-county entity provides information about the area in 
which the entire regional analysis lays – Polk, Jasper, Marion and Warren 
counties.  Table 5 compares the core area region FRAGSTATS-derived 
configuration parameters.  
 
Figure 14. Existing land cover comparison between core area regions  
 

It is clear that the 
Red Rock region 
has the highest 
“habitat” or 
perennial 
vegetation cover, 
the Chichaqua 
region has the 
most cropland, 
and the 
Saylorville 

region has the most developed land and roads.  The Neal Smith region has 
comparatively low habitat and high cropland, while the 4-county region is 

slightly different than the core areas it contains, with an overall slightly higher 
habitat portion.  This difference speaks to the critical nature of recognized 
differences in scale and the associated influences on averages and summaries.   
 
Table 4 provides a comparison of the core area region responses to each 
scenario.  The Saylorville region is most affected by Scenario 1, verifying the 
fact that the area is composed of many incorporated areas and developed land.  
Chichaqua and Saylorville are nearly equally affected by Scenario 2, suggesting 
that each area has comparatively high portion of land with a slope under 9% in 
perennial cover and CRP.  This suggests that these areas may be particularly 
vulnerable to changes in farm policy that lead to withdrawal of land from the 
CRP land set-aside program.  The Neal Smith region is the most affected by 
Scenario 3, suggesting that there is substantial cropping of land with a slope 
greater than or equal to 9% in that region.   
 
Table 4.  Comparative perennial cover change across scenarios 
 
Scenario Original 1 2 3 

Neal Smith 39.07% 0.94%1 -1.76% 10.99% 

Chichaqua 31.58% -0.83% -3.28% 4.15% 

Red Rock 49.34% -1.50% -2.66% 6.50% 

Saylorville 34.34% -2.55% -3.30% 0.34% 

4-county 45.38% -1.28% -3.28% 6.66% 

1 The difference between the scenario outcome and the original perennial vegetation cover composition.   

 
Table 5.  Regional comparison of FRAGSTATS statistics 
 Neal Smith Chichaqua Red Rock Saylorville 

Mean patch area 1.88 1.38 2.58 1.21 

Mean patch area SD -0.000007 0.000017 -0.000002 -0.000006 

Patch Perimeter: area (PARA) 1,693.85 1,751.57 1,789.36 1,720.42 

PARA SD 0.000010 -0.000001 0.000021 0.000022 

Patch Euclidean Nearest Neigh. 
(ENN) 

35.11 34.81 32.30 37.25 

ENN SD -0.000005 -0.000001 0.000003 -0.000002 

# patches 9,599.00 12,010.00 24,488.00 18,440.00 

Patch density 20.80 22.81 14.91 28.41 

Largest Patch Index 3.08 1.41 1.25 2.24 

Contiguity index mean 0.33 0.31 0.31 0.33 

Clumpy index 0.83 0.82 0.81 0.81 

Cohesion Index 98.20 97.36 98.83 97.33 
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Aggregation Index 

89.83 87.64 91.82 87.52 

 
Neal Smith region core area results 
 
The Neal Smith region analysis is included below.   The Chichaqua, Red Rock, 
and Saylorville regional analysis were also analyzed and mapped, and this 
information is available upon request to the author.   
 
As introduced in Figure 14, and shown in Tables 4 and 6,  the Neal Smith core 
area region has moderate perennial land cover and high crop acreage when 
compared to the other core area regions.  It has low development and roads 
compared to the other regions.  A notable trend of the area is the high sensitivity 
to Scenario 3,the conversion of cropland on greater than or equal to nine percent 
slope to perennial cover, as it had the highest response compared to all areas.  It 
was virtually non-responsive to Scenario 1 (the increase of incorporated areas 
with a  0.5 buffer with associated higher costs for species movement), and had 
only a small response (comparatively the least among all areas) to Scenario 2, 
the conversion of perennial cover on slopes with less than nine percent slope to 
crop.    These traits suggest that the area is heavily cropped, with cropland 
occupying land regardless of slope steepness.  Figure 15 shows the original land 
cover of the region, Figure 16 shows the Scenario 1 land cover, Figure 17 shows 
the Scenario 2 land cover, and Figure 18 shows the Scenario 3 land cover.   
 

Area Table 6. Summary Neal Smith land cover 
composition across scenarios 

Scenario 
change from 

original 
Original 1 2 3 

Perennial 39.07% -0.94% -1.76% 10.99% 

Crop 53.22% -0.91% 1.70% -10.97% 

Developed 2.36%       

Interstate 0.11%       

Total road 3.74%       

 
Using the FRAGSTATS tools, it is evident that the area has comparatively high 
contiguity, cohesion, and generation compared to the other regions (Table 5).  It 
has a comparatively high mean patch size, and low perimeter to area ratio which 
are both positive Perennial quality indicators.  As shown in Table 7, the Neal 
smith area is very responsive to Scenario 3, with the comparatively highest 
increase in mean patch size.  The clumpy index uniquely decreases under 
Scenario 3; decreases indicate more randomness in patch distribution.  This 
decrease, in association with the increase in patch size, substantiates the earlier 
suggestion that land with greater than nine percept slope is frequently cropped in 

this region.  Such land may be  fairly randomly distributed within a cropping 
complex.   
 
Table 7.  Neal Smith region FRAGSTATS responses across scenarios 

Scenario 0 3 

Mean patch area 1.88 3.34 

Mean patch area SD -0.000007 -0.000001 

Patch Perimeter:area (PARA) 1,693.85 1,649.29 

PARA SD 0.000010 -0.000012 

Patch Euclidean Nearest 
Neigh. (ENN) 

35.11 32.56 

ENN SD -0.000005 0.000011 

# patches 9,599.00 6,917.00 

Patch density 20.80 14.99 

Largest Patch Index 3.08 3.09 

Contiguity index mean 0.33 0.35 

Clumpy index 0.83 0.81 

Cohesion Index 98.20 98.53 

Aggregation Index 89.83 90.40 

 
Paths connecting the Neal Smith core area to the other core areas are presented 
in Tables 8, 9 and 10.  The “cost-weighted distance” is a composite index that 
considers the cost of each unit of movement, and provides a strong  comparison 
between scenarios.   
 
Neal Smith to Chichaqua (Table 8):  As shown in figure 19, this path changes 
distance and route substantially between scenarios.  It is highly sensitive to 
Scenario 2, provoking a greater than 10% decrease in Perennial and greater than 
10% increase in cost-weighted distance in comparison to the present cover.  This 
suggests that maintaining the land currently in perennial cover on land with a 
less than nine percent slope is important for continued connectivity along this 
path.  Scenario 3 does not suggest an proportionately equal inverse 
improvement.   
 
Table 8.  Neal Smith to Chichaqua path land cover percent composition 
across scenarios 
Composition attribute Scenario 0 Scenario 1 Scenario 2  Scenario 3 

Water 0.24% 0.24% 0.00% 0.40% 

Perennial 80.97% 80.97% 66.89% 76.62% 

Incorp. Perennial - 0.00% - - 

Crop 16.61% 16.61% 26.39% 19.95% 

Incorp. Crop - 0.00% - - 
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Comm & Residential 0.73% 0.73% 1.19% 0.92% 

Industrial 0.36% 0.36% 3.96% 0.40% 

Driveway 0.00% 0.00% 0.00% 0.00% 

Dirt Road 0.00% 0.00% 0.00% 0.00% 

Rural /Local Road 0.85% 0.85% 1.45% 1.59% 

Highway 0.00% 0.00% 0.00% 0.00% 

Interstate 0.24% 0.24% 0.13% 0.13% 

Road cost weight 2700 2025 2700 3600 

Total distance 185,625 185,625 170,550 170,325 

Cost-weighted distance 285,750 285,750 345,600 288,000 

Perennial  sensitivity 0.00% -14.08% -4.35% 

Road sensitivity -675 0 900 

Distance sensitivity 0 -15075 -15300 

Cost-weighted sensitivity 0.00% 20.94% 0.79% 

 
 
 
Neal Smith to Red Rock  (Table 9):  As shown in figure 20, this is a 
comparatively short path, and it changes very little in distance or route between 
scenarios.  it is  sensitive to Scenario 3, however, provoking a greater than 10% 
increase in perennial cover and greater than 10% decrease in cost-weighted 
distance in comparison to the present cover.  This suggests that encouraging the 
implementation of perennial land cover on lands along this path would provide 
substantial improvement in connectivity.   
 
Table 9.  Neal Smith to Red Rock path land cover percent composition 
across scenarios 

Composition attribute Scenario 0 Scenario 1 Scenario 2  Scenario 3 

Water 0.00% 0.00% 0.00% 0.00% 

Perennial 81.22% 81.22% 82.63% 92.96% 

Incorp. Perennial - 0.00% - - 

Crop 16.43% 16.43% 15.49% 5.16% 

Incorp. Crop - 0.00% - - 
Comm & Residential 0.00% 0.00% 0.00% 0.00% 

Industrial 0.47% 0.47% 0.00% 0.00% 

Driveway 0.00% 0.00% 0.00% 0.00% 

Dirt Road 0.00% 0.00% 0.00% 0.00% 

Rural /Local Road 1.88% 1.88% 1.88% 1.88% 

Highway 0.00% 0.00% 0.00% 0.00% 

Interstate 0.00% 0.00% 0.00% 0.00% 

Road cost weight 1125 900 900 900 
Total distance 47,925 47,925 47,925 47,925 

Cost-weighted distance 76,725 76,725 74,475 64,575 

Perennial sensitivity 0.00% 1.41% 11.74% 
Road sensitivity -225 -225 -225 
Distance sensitivity 0 0 0 

Cost-weighted sensitivity 0.00% -2.93% -15.84% 

 
Neal Smith to Saylorville (Table 10):  As shown in Figure 21, this path changes 
only moderately in distance and route between scenarios.  It responds slightly 
negatively to Scenario 2 and slightly favorably to Scenario 3.  Given the 
region’s high portion of developed and road land cover, stronger trends 
associated with Scenario 1 were expected and found. Specifically, data 
regarding this path suggests an unusual trend:  the Perennial portion of the path 
increases, and the cost-weighted distance decreases while the roads and distance 
increase.  This is seemingly contradictory, but I believe that the algorithm 
guiding the path is avoiding the new high-cost incorporated area to coincidently 
find area with more Perennial.  It compromises distance for cell weight, which 
may not be occurring in other scenarios in which Perennial decreases at the cost 
of increased distance.   
 
Table 10.  Neal Smith to Saylorville path land cover percent composition 
across scenarios 

Composition 
attribute Scenario 0 Scenario 1 Scenario 2  Scenario 3 

Water 8.75% 5.42% 9.25% 8.53% 

Perennial 80.28% 82.54% 78.72% 81.30% 

Incorp. Perennial - 3.11% - - 

Crop 6.08% 4.68% 7.61% 5.51% 

Incorp. Crop - 0.00% - - 

Comm & 
Residential 2.08% 1.68% 1.49% 2.03% 

Industrial 0.69% 0.49% 0.65% 0.64% 

Driveway 0.00% 0.00% 0.00% 0.05% 

Dirt Road 0.00% 0.00% 0.00% 0.00% 

Rural /Local 
Road 1.93% 1.82% 2.14% 1.74% 

Highway 0.00% 0.00% 0.00% 0.00% 

Interstate 0.20% 0.25% 0.15% 0.20% 
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Road cost 
weight 12825 9450 10350 11925 

Total distance 455,175 456,300 452,475 453,600 

Cost-weighted 
distance 698,400 686,925 704,475 679,050 

Perennial sensitivity 2.27% -1.56% 1.02% 

Road sensitivity -3375 -2475 -900 

Distance sensitivity 1125 -2700 -1575 

Cost-weighted sensitivity -1.64% 0.87% -2.77% 

 
 
   
 
5.  Parcel Level Analysis 
 
I intensively analyzed farms in a small part of a watershed to examine small-
scale differences between land units.  My objective to use feasible scenarios to 
consider the effect of real choices available to area landowners.  
 
 Illustrated in  in Figure 22, The Neal Smith core area region was chosen for 
parcel-level analysis for multiple reasons.  It is nested within a region 
surrounded by large thoroughfares (interstate 80 and several highways), and 
near towns and areas changing demographically.  These two traits have a 
significant impact on wildlife populations. However, as the refuge  is  located 
between two areas with substantial wildlife habitat and populations (the Red 
Rock Reservoir and the Chichaqua complex), it can be considered as a stepping 
stone for species traveling between those locations.   
 
The area immediately north of the Neal Smith refuge was chosen with the 
recommendations of the refuge staff.  As the refuge seeks to reconstruct the 
wildlife and vegetative communities originally occupying that region, it is 
concerned about the content of the water running through it.  Examining the land 
use and land cover composition of farms in the Walnut Creek watershed 
immediately north of the refuge can contribute to the development of plans and 
priorities regarding the water quality topic. 

 
Each farm in the northern Walnut Creek watershed  is described in   Table 11. 
The entire northern Walnut Creek area was analyzed as well.  Two parcels were 
selected for intensive analysis, and were selected on the basis of contrasting land 
cover composition and FRAGSTATS calculations.  I noted that Parcel 14 
consisted of a comparatively high portion of  perennial vegetation cover, a 
relatively low patch number and high class cohesion index, and a relatively low 
mean slope.  Parcel 15 consisted of a comparatively low perennial vegetation 
cover, and a relatively low patch number, a low cohesion index value, and a 
comparatively high mean slope.  These two parcels, as well as the whole north 
watershed area were analyzed using additional scenarios to assess their effects.  
Two of the scenarios were designed to reflect feasible farm management 
changes.  The scenarios are described below are summarized in Table 12.    
 
Table 12.  Target parcel scenario key 
Scenario 

code 
Title Description 

 Original The current vegetation. 
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A Fencerow/
Windbreak 

15 meters of perennial vegetation along parcel perimeters and field edges. 

B Filter strip 30 meters of perennial vegetation on both sides of streams.   

C Conservati
on 

Fencerow/windbreak and Filter strip scenarios combined. 

D D > crop to 
CRP 

The conversion of cropland on 9% of greater slope to perennial vegetation.  

 

 
Parcel results 
 
A target area of the northern Walnut Creek watershed was identified using the 
paths created in the Neal Smith regional analysis.  Parcels intersecting these 
paths were targeted, and are detailed with composition and configuration 
analysis in Table 13.  Table 15 provides a scenario-based comparison between 
the targeted, intensively analyzed parcels 14, 15, and the northern watershed 
area. 
 
Using the previously cited tables, and as shown in Figures 23 and 24, the target 
parcels and the northern watershed area can be described.  The parcels contrast 
markedly, and the watershed shows intermediate composition and configuration.   
 
Scenario-based path and parcel analysis 
 
Scenario A  fencerow and windbreak:  As shown in Figure 25, and Table 15, 
Parcel 15, with much less original perennial vegetation was proportionately 
most affected by this scenario by every measurement.  The scenario  notably 
decreased the Clumpy index for the parcels, increased the PARA, and lowered 
the Cohesion and Aggregation indices for both parcels.  For Parcel 14 the mean 
patch area was lowered, although it increased for 15.  It appears that adding 
these new linear patches has mixed effects because they are new patches 
unrelated to existing vegetation, and are linear rather than round in shape.   
 
Scenario B  filter strips (Table 15; Figure 25):  Parcel 14 does not have a 
stream and was unaffected, as shown in Figure 7.10.  Parcel 15, in contrast, was 
strongly affected by the filters tips, and the watershed was notably affected as 
well.  While the perennial vegetation increased for Parcel 14 and the watershed 
area, most notable was the increase in patch size, decrease in density, and 
increase in the Cohesion and Aggregation Indices for both places.  While it can 
be hypothesized that a linear filters tip may have effects similar to those of the 
fencerow Scenario with increased linearity (higher PARA), the lower number of 
patches and lower density, and higher clumpy index suggest that there is some 
aggregation occupying of patches due to the filter strip.  The PARA does 
increase, but may join formerly errant patches as it grows linearly.  A similar 
effect was not noted in Fencerow scenario.  Moreover, this effect appeared to be 
applicable to the entire watershed, not just the highly-farmed parcel.   

 
Scenario C conservation (Table 15;Figure 25):  For this combination of 
Scenarios A and B, the results on configuration are not additive.  For Parcel 15, 
which was affected by both Scenarios A and B, the results were unexpected and 
mixed.  Parcel 15 PARA increased to the highest level among the scenarios, 
while all other parameters reached medium levels between Scenarios A and B.  
These results suggest that combining the conservation practices leads to more 
complexly-shaped  patches, with some merging between patches but also the 
addition of other new ones.   
 
Scenario D  cropland with slope greater than 9 percent to perennial cover 
(Table 15;Figure 26):  The perennial cover composition of each parcel and the 
watershed increased disproportionately, as shown in Figure 7.11, with Parcel 14 
increasing by two percent, Parcel 15 increasing  by 40 percent, and the 
watershed increasing by 13 percent.  These different effects extended to the 
configuration parameters.  For Parcel 14, the patch area increased slightly with 
decreases in PARA and density.  The indices barely changed.  These trends 
suggest that for this fairly flat-land parcel, converting the steeper land has some, 
but limited benefit in the enhancement of connectivity.   
Parcel 14, with a high mean slope, had a large increase in mean patch size, slight 
decrease in density, and a large increase in the cohesion and aggregation indices.  
The scenario appears to be adding new patches while combining others. The 
north Walnut Creek area showed changes similar to, but less striking in Scenario 
D.  Many of the 
configuration 
attributes were 
nearly similar to 

those of Scenario 
B.  
 
 
 
 
 

         
    

Figure 23.  Northern 
Walnut Creek watershed 
parcels and paths 
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Table 11.  North Walnut Creek watershed parcel characteristics 
Owner Code # CLUs Sum acres Mean acres* Cover % perennial 

Vegetation Cover % cropland Cover % developed Cover % roads 

4-county - - - 45.38% 41.90% 5.55% 4.96% 
Neal Smith region - - - 39.07% 53.22% 2.36% 3.74% 

 
North Walnut Creek watershed 221 5775.52 151.99* 13.16% 84.22% 1.01% 1.59% 

1 9 75.72 8.41 21.25% 76.94% 0.00% 1.81% 

2 8 182.68 22.83 15.50% 81.29% 1.61% 1.61% 

3 6 152.75 25.46 7.86% 90.47% 0.11% 1.56% 

4 3 154.94 51.65 6.34% 87.94% 0.29% 5.44% 

5 8 80.93 10.12 22.35% 65.86% 3.54% 7.01% 

6 10 154.38 15.44 10.72% 86.22% 1.13% 1.93% 

7 2 105.59 52.80 4.47% 95.48% 0.05% 0.00% 

8 1 156.82 156.82 1.19% 95.09% 0.04% 3.68% 

9 13 429.36 33.03 3.75% 94.05% 0.83% 1.37% 

10 2 118.74 59.37 30.28% 65.51% 0.79% 3.43% 

11 11 276.04 25.09 32.73% 65.21% 1.54% 0.53% 

12 6 269.19 44.86 14.65% 83.29% 1.60% 0.46% 

13 4 148.48 37.12 16.13% 81.65% 1.80% 0.41% 

14 2 147.59 73.79 16.82% 79.58% 2.20% 1.41%3 

15 12 178.20 14.85 7.01% 90.64% 0.46% 1.89% 

16 7 192.18 27.45 26.37% 70.75% 1.09% 1.80% 

17 3 84.12 28.04 3.81% 90.89% 2.71% 2.58% 

18 4 235.97 58.99 8.53% 89.54% 0.49% 1.44% 

19 6 75.77 12.63 98.29% 1.41% 0.30% 0.00% 

20 3 144.36 48.12 29.46% 68.16% 0.92% 1.46% 

21 3 161.71 53.90 1.93% 98.07% 0.00% 0.00% 

22 11 557.93 50.72 8.47% 89.46% 0.73% 1.35% 

23 7 143.42 20.49 18.88% 76.05% 5.07% 0.00% 

24 1 0.26 0.26 50.00% 50.00% 0.00% 0.00% 

25 3 3.23 1.08 50.00% 15.00% 18.33% 16.67% 

26 3 80.48 26.83 4.33% 95.67% 0.00% 0.00% 

27 1 41.87 41.87 5.29% 83.60% 3.97% 7.14% 

28 1 128.48 128.48 17.62% 76.46% 1.34% 4.58% 

29 1 155.33 155.33 3.03% 96.97% 0.00% 0.00% 

30 18 351.60 19.53 5.76% 91.96% 0.21% 2.08% 

31 9 15.88 1.76 50.90% 36.82% 6.14% 6.14% 

32 10 120.08 12.01 25.23% 74.11% 0.65% 0.00% 

33 5 79.27 15.85 6.34% 92.74% 0.93% 0.00% 

34 5 156.24 31.25 10.40% 87.22% 0.50% 1.89% 

35 6 178.76 29.79 3.90% 95.51% 0.59% 0.00% 

36 6 108.28 18.05 5.77% 90.10% 0.31% 3.83% 

37 8 77.66 9.71 9.65% 88.39% 1.52% 0.44% 
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38 3 51.26 17.09 8.82% 89.48% 1.70% 0.00% 
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Table 13.  North Walnut Creek path and north-parcel detailed characteristics 
 

Owner Code 2 4 6 14 15 19 23 31 32 E Path area D Path area Watershed area Neal Smith area 
Sum acres 182.68 154.94 154.38 147.59 178.20 75.77 130.01 5.14 120.08 998.86 715.96 5,775.52 - 

Minimum slope 1.00 1.00 1.00 1.00 1.00 4.00 4.00 4.00 4.00 1.00 1.00 1.00 - 

Maximum slope 16.00 12.00 16.00 12.00 16.00 16.00 12.00 16.00 12.00 16.00 16.00 16.00 - 
Mean slope 8.94 5.47 7.83 5.93 7.73 9.05 7.83 5.74 8.19 7.49 7.34 5.94 - 

SD slope 3.62 3.65 3.79 4.13 3.89 5.41 3.84 4.22 3.79 4.18 3.83 3.85 - 

Minimum CSR* 5.00 10.00 5.00 5.00 5.00 5.00 25.00 68.00 20.00 5.00 5.00 0.00 - 

Maximum CSR 98.00 98.00 98.00 98.00 93.00 93.00 93.00 90.00 93.00 98.00 98.00 98.00 - 

Mean CSR 68.92 79.18 64.04 82.24 52.80 36.23 64.31 76.72 55.26 66.53 65.11 75.39 - 

SD CSR 23.58 21.29 26.51 19.00 29.73 30.95 25.25 10.17 22.33 28.01 26.42 23.67 - 

Cover % perennial Vegetation  15.50% 6.34% 10.72% 16.82% 6.99% 98.29% 16.34% 96.05% 25.23% 19.63% 12.99% 13.16% 39.07% 

Cover % cropland 81.29% 87.94% 86.22% 79.58% 90.66% 1.41% 82.47% 0.00% 74.11% 77.54% 83.94% 84.22% 53.22% 

Cover % developed 0.016 0.003 0.011 0.022 0.005 0.003 0.012 0.039 0.007 0.011 0.010 0.010 2.36% 

Cover % roads 1.61% 5.44% 1.93% 1.40% 1.88% 0.00% 0.00% 0.00% 0.00% 1.69% 2.10% 1.59% 3.74% 

Patch area mean 0.22 0.08 0.13 0.71 0.10 30.00 0.21 0.00 0.38 0.47 0.22 0.34 1.88 

Patch mean area SD 1.00 0.28 0.35 2.40 0.30 0.00 0.62 0.00 1.39 3.29 0.96 2.26 -0.000007 

Patch max area 6.00 1.00 1.00 9.00 1.00 30.00 3.00 0.00 7.00 37.00 8.00 38.00 - 

Patch mean PARA 1660.14 1748.68 1539.57 1947.29 1617.95 93.00 1740.28 0.00 1613.73 1656.29 1640.96 1743.33 1,693.85 

Patch SD PARA 596.30 622.66 621.02 823.08 687.24 0.00 664.42 0.00 702.83 651.20 663.90 647.13 0.000010 

Patch mean ENN 48.54 41.68 41.07 49.07 45.05 0.00 40.00 0.00 43.65 41.74 40.57 40.41 35.11 

Patch SD ENN 48.08 21.63 15.88 34.40 28.78 0.00 17.48 0.00 24.40 30.89 21.78 36.09 -0.000005 

Patch density 50 40 48 24 39 3 54 0 54 36 42 31 20.80 

Patch # 37 25 30 14 21 1 29 0 26 137 115 721 9,599 

Cohesion index 88 79 79 97 78 100 88 0 92 92 87 91 98.20 

Aggregation index 74 64 63 87 65 99 72 0 80 83 73 77 89.83 
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Parcel analysis conclusions 
 
All parcels are different, and only some have streams with the corresponding 
waterway perennial land cover patches.  For those that have streams, filter strips 
provide substantial improvement in connectivity indices compared to the 
original cover configuration.  Moreover, while converting the cropland on a 
steep slope to perennial cover provides in total more connectivity benefits, doing 
so is not feasible for most farms.  As shown by Table 16, the connectivity 
benefits brought by filter strips appear to be more efficient in general than those 
brought by crop conversion.  The table was created with the assumption that the 
Clumpy, Cohesion, and aggregation indices provide equal indicators of 
connectivity, and were weighted equally.  The ratio of perennial cover change to 
the connectivity index change shows that the filter strip provides more 
connectivity change per perennial change for the northern Walnut Creek 
watershed at large.  While the very steep parcel 15 does not show similar 
efficiency, the fact that the overall watershed does provides support for this 
hypothesis (and, as stated earlier, all parcels are different).  Filter strips hold 
promise; while they  do have a linear configuration, by increasing the PARA 
they also increase the patch size and decrease the density in this landscape.  
They also would help the objectives of the Neal Smith Refuge in decreasing 
chemical and manure runoff into the watershed and thus affecting the aquatic 
communities.   
 
Table 15.  Comparison of target parcel scenario responses  

Owner code Scenario 
Pere
nnial 

% 
Crop % 

Patch 
mean 
area 

Patch 
Mean 
PARA 

Patch 
density 

Number 
patches Clumpy Cohesio

n Index Aggregation Index 

14 

Original 16.82 79.58 0.71 1,947.29 24.00 14 0.85 96.70 87.22 

A 20.16 77.03 0.60 2,228.96 33.81 20 0.77 96.15 81.84 

B 16.89 79.92 0.71 1,947.08 23.67 14 0.85 96.70 87.22 

C 21.49 75.62 0.67 2,207.54 32.12 19 0.74 95.90 79.85 

C 18.14 78.33 0.77 1,872.50 23.57 14 0.85 96.54 87.53 

15 

Original 6.99 90.66 0.10 1,617.95 39.00 21 0.62 78.15 64.94 

A 13.65 84.05 0.33 1,670.09 41.01 22 0.52 87.77 58.20 

B 10.89 86.81 0.29 1,690.65 31.64 17 0.74 91.09 76.39 

C 17.34 80.40 0.52 1,741.85 33.50 18 0.60 92.91 66.96 

D 49.62 48.03 1.37 1,501.84 35.36 19 0.73 96.30 86.31 

North 
Walnut 

Creek area 

Original 13.16 84.22 0.34 1,743.33 31.00 721 0.73 90.95 76.76 

A 13.41 84.02 0.43 1,745.37 31.33 725 0.73 90.90 76.26 

B 15.83 81.54 0.58 1,746.07 27.27 631 0.76 93.85 79.42 

C 16.12 81.37 0.60 1,773.88 26.93 624 0.75 96.46 79.14 

D 26.06 71.34 0.98 1,678.47 24.75 573 0.77 95.86 83.23 

  
Table 16.  Comparing Scenarios B and D efficiency of accruing 
connectivity benefits 
Owner 
code 

Scenario Perennial 
change 

from 
original 

Connect
ivity 

index 
sum 

connectivity 
index change 
from original 

Ratio perennial change / 
connectivity index change 

15 Original 0.00 143.71 - - 

B  3.89 168.21 24.50 0.16 

D  42.63 183.34 39.63 1.08 

North 
Walnut 
Creek 
area 

Original 0.00 168.44 - - 

B  2.68 174.02 5.58 0.78 

D  10.22 179.87 11.42 0.11 
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Figure 15.  Original land cover in Neal Smith core area region   

Figure 16.  Scenario 1 land cover in Neal Smith core area region   

Figure 17.  Scenario 2 land cover in Neal Smith core area region   

Figure 18.  Scenario 3 land cover in Neal Smith core area region   
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Figure 20.  Neal 
Smith core area  to 
Red Rock core 
area  least-cost 
paths across 
scenarios 

Figure 19.  Neal Smith core area  Chichaqua 
core area  least-cost paths across scenarios 

Figure 21.  Neal Smith core area  to Saylorville core 
area  least-cost paths across scenarios 
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Figure 24.  Target parcel area original 
land cover 

Figure 25.  Target parcel area 
Scenario A,B,C land cover 

Figure 26.  Target parcel area 
Scenario D land cover 
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