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Evaluation Factors for Selecting Indicators 

- Focus on Clients, 
e.g. FWS, BLM, USFS, & State departments of environment and 
natural resources (State & Tribal Wildlife Grants Program- $90M in 
FY 1 0) 

- Include decision makers 
- include a suite of indicators to inform tradeoffs 
- Select scale best needed to inform the decision 
- select & evaluate within the timeframe needed to 

- select indicators that can easily be interpreted 
inform decision 

by non-scientists 

W. Munns, April 2010 
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Obiective I 
I Develop and produce m a p s  of an ecosystem service (e.g., habitat provisioning. ~ .a 

surrogate measure of biodiversity) based on current condition and available data for 
place-based, regional, and national scales of interest. 
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General Conclusions 

Dedudie modeling appears promising fw 
metrics of habitat provisioning at mu 

Evaluating mtrics (e.g., indices. spedes groups, keystom Specses, OT gtfilda) 
.First level effort and further work is underway 

Application at national scale (USGS-GAP) 

Ability to map Wildlife as an Ecosystem Service (EPA) 

Provides reference conditions for alternative future scenarios (e.g. 
climate change, urbanization) 

Establish c o m m  sense indicators of ES for end-user and decision 
maker needs 

Landscape Conservation Cooperatives 

State Wildlife Action Plans 

Local Initiatives (e.g. AGAVES) 
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1 Executive Summary 
This executive summary describes the breadth of the entire Madrean Archipelago (MAR) Rapid 
Ecoregional Assessment (REA) and illustrates examples from all  of the products. It does not summarize 
methods but instead focuses on products, key findings, and limitations. Because of the breadth and 
number of assessments, this summary is necessarily longer than a typical executive summary and is  
intended to give a brief but fairly complete picture of the MAR REA results. 

1.1 Rapid Ecoregional Assessments: Purpose and Scope 
Working with agency partners, the BLM is conducting rapid ecoregional assessments (REAs) covering 
approximately 800 million acres of public and non-public lands in 14 ecoregions and combinations of 
ecoregions in the American West. The goal of the REAs is to characterize the status of ecological 
resources and their potential to change from a landscape viewpoint. REAs are intended to serve BLM’s 
developing Ecoregional Direction that links REAs and the BLM’s Resource Management Plans and other 
on-the-ground decision-making processes. Ecoregional Direction establishes a regional roadmap for 
reviewing and updating Resource Management Plans; developing multi-year work for identified priority 
conservation, restoration, and development areas; establishing Best Management Practices for 
authorized use; designing regional adaptation and mitigation strategies; and developing conservation 
land acquisitions. While REAs produce information designed to be integrated into specific management 
processes, they are not decision documents and stop short of integrating the findings into management 
actions. 

1.2 Organization of the MAR REA Final Report 
This report for the Madrean Archipelago Rapid Ecoregional Assessment (MAR REA) conveys the 
objectives, methods, and results of the MAR REA. The report is arranged as the main report and a series 
of nine appendices: 

A. 

B. 
C. 

D. 
E. 
F. 
G. 

H. 
I. 

1.2.1 

Methods for Selecting and Evaluating Feasibility for Conservation Elements, Change Agents, and 
Assessments 
Assessment Methods: Approaches and Rationales 
Technical Methods: GIS Documentation 
Terrestrial Ecological Systems: Conceptual Models and Ecological Status 
Aquatic Ecological Systems: Conceptual Models and Ecological Status 
Species: Conceptual Models and Ecological Status 
Ecoregional Conceptual Model and Ecological Integrity Assessment 
Mesquite Scrub Expansion: Restoration Opportunities 
Climate Change: Assessment Methodology and Results 

Common Terminology 
Following are key terms and abbreviations used throughout the report; a complete listing of terms and 
abbreviations is found in the glossary and acronym list in Appendix E. 

AMT: Assessment Management Team. This is the team of BLM staff and participating partners 
in the region that provided review and guidance for the contractor throughout the REA. 

Madreon Archipelago Rapid Ecoregional Assessment: Executive Summary for Final Report Page 4 
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1.3 

CA: Change Agent. These are the features or processes that can negatively impact conservation 
elements (and in some cases can have neutral or beneficial effects on certain CEs). 
Development, invasive species, fire, and climate change effects are the four primary change 
agents addressed in this REA. 
CE: Conservation Element. These are the natural resource features assessed in the REA and 
include terrestrial and aquatic ecological systems, species, and species assemblages. 
CE conceptual model: Conceptual models are the descriptive text and accompanying graphics 
that characterize the ecology and biology of the CEs, including descriptions of how change 
agents are expected to affect the ecological status or condition of CEs. 
CE response model: The set of numeric values that characterize the way a CE responds to direct 
exposure to a CA (site intensity value) and (optionally) within a specified distance from the CA. 
Condition: used interchangeably with Status (see below) 
Ecological status (or Status): formal term in BLM REAs to describe the condition or integrity of 
areas of distribution of a CE based on presumed effects of change agents on the CE. 
EIA: ecological integrity assessment used to indicate the overall integrity or condition of the 
ecoregion as a whole. 
Indicator: Biophysical attributes that are used either directly or indirectly to measure the status 
of the KEAs, and therefore of the CEs. 
KEA: Key Ecological Attribute. A KEA is a characteristic of a species' or ecosystem's biologf, 
ecology, or physical environment that is critical to the resource's persistence in the face d both 
natural and human-caused disturbance. The combined status or condition of KEAs for a CE 
together determine the overall ecological status of the CE. 
KEA indicator scenario (or Scenario): The aggregation of CA distribution maps used to assess 
the indicators associated with each of the KEAs for each of the CEs. The scenarios are input into 
the LCM. 
landscape Condition Model (LCM): the geospatial modeling tool used to calculate the 
ecological status of CEs and conduct other related assessments (e&, ecological integrity Of  the 
ecoregion). The CE response models, KEA indicator scenarios, and CE distribution maps are the 
key inputs that are run through the LCM. 
MAR: Madrean Archipelago Ecoregion, specifically referring to the U.S. portion assessed in this 
REA. 
MQ: Management Question. These are questions developed by BLM and gathered during the 
REA that are important for guiding natural resource management and land use decisions. The 
ecological status assessments of CEs and other assessments conducted in the REA provide 
information and analysis results to help address the management questions. 
REA: Rapid Ecoregional Assessment 
Status: See Ecological Status above. 

The Assessment Region 
The US. portion of the Madrean Archipelago ecoregion, including its intersecting 5'h-level watersheds, 
was assessed in this REA. The REA assessment area encompasses approximately 6.4 million hectares 
(15.7 million acres). Within the assessment region, total BLM ownership is 1,009,375 ha (2,494,222 ac) 
or about 16% of the area and 38,382 ha (94,846 ac) is in BLM special management or 0.6% of the MAR. 

Modreon Archipelago Rapid Ecoregionol Assessment: Executive Summary for Final Report 
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Figure 1-1. Map of th. Madman Archipelago REA assessment arm. The area assessed for this REA is 
the US. portion of the Madrean Archipelago plus its intersecting 5"-level watersheds, shown in the 
yellow outline and by the border between the US. and Mexico. The Madrean Archipelago ecoregion is 
shown by the solid green line and extends into Mexko beyond the map extent. 

:\ 

1.4 Management Questions 
In this REA, natural resources management questions (Ma) and issues were ident i fd  by various 
agendes participating in the REA process. These MQs were iteratively reviewed and distilled Into a 
discrete set of potential assessments and evaluated for appropriatness for an REA and feasibility. 
Relevant available datasets needed to answer the M a  were identified and evaluated, and proposed 
analytical steps were summarized for conducting the identified assessments. Based on management 
needs, data availability and suitability, and technical feaslbllityof the proposed analyses, the pool of 
potential assessments was narrowed to the following: 

0 

0 Ecoregional Ecological Integrity (current) 
0 Climate Space Trends (recent) 
0 Climate Space Trends (future) 
0 

Ecological Status of CEs (current) 

CE Distributions Intersected with Future Climate 

Madrean Archipela@a mpid Ecomgbnal Arsossment: Executive Summary for fhal Report Page 6 
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Valley Upland System Division 

Bioclimate Envelope Models 

Soil Erosion Potential 

2025 Risk Assessment (for three case study CEs) 
Mesquite Scrub Expansion: Restoration Opportunities 

56.0% 

1.5 Conservation Elements 

Aoacherian-Chihuahuan Mesauite Uoland Scrub 

Conservation elements (CEs) are one of the core components of the REA. They are the natural resources 
-ecosystems and species (inclusive of species assemblages) --that are the focus of the assessment. 
Ecological system and species CEs were selected through an iterative review process based on the 
following criteria and considerations: 

Regional significance 
c) Relevant to more than one BLM field office or other agency’s local management 

jurisdiction (ecosystems and species) 
Dominant in the ecoregion (ecosystems) 
Broadly represent a cross-section of the region’s diversity (ecosystems and species) 

o 
CJ 

i) Endemism (ecosystems and species) 
Nexus with identified management issues (ecosystems and species) 
Representation by associated ecological system CE (i.e., species that would add to, rather than 
being duplicative of, ecosystem CEs) 

19.5% 

This resulted in the identification of 18 CEs that were the focus of the assessments in this REA (see Table 
1-1 and Table 1-2). In addition, a significant portion of the ecoregion (-19%) is occupied by Apacharian- 
Chihuahuan Mesquite Upland Scrub, an ecological system that has greatly expanded primarily through 
mesquite expansion into grassland areas. This system is treated separately from the other 18 
conservation elements (via the Mesquite Scrub Expansion assessment listed above) because managers 
desired information about restoration opportunities rather than a generalized status assessment of this 
ecosystem type. 

Table 1-1. Ecological system conservation elements (CEs) selected for the Madrean Archipelago REA. 
The ecological systems are organized in this table according to the four major system divisions or 
groupings (valley upland system, montane upland system, connected stream and wetland, and isolated 
wetland) from the ecoregion conceptual model. Apacharian-Chihuahuan Mesquite Upland Scrub is a 
non-natural ecological system that has greatly expanded primarily through mesquite expansion into 
grassland areas. 

Madrean Encinal 
Montane Upland System Division 
Madrean Pinyon-Juniper Woodland 
Montane Conifer-Oak Forest and Woodland 

5.1% 
13.4% 
5.8% 
2.8% 

I Chihuahuan Creosotebush Desert Scrub I 13.2% I 
I Aoacherian-Chihuahuan Semi-Desert Grassland and Steooe I 18.2% I 

Madreon Archipelago Ropid fcoregional Assessment: Executive Summary for Final Report Page 7 
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Mogollon Chaparral 
Isolated Wetland System Divislon 
North American Warm Desert Plava and Eohemeral Lake 

4.8% 

e 1% 
<1% 

Connected Stream and Wetland System Division 
North American Warm Desert Riparian Woodland and Shrubland, Mesquite Bosque 

North American Arid West Emergent Marsh/Cienega and Pond 
North American Warm Desert Lower Montane Riparian Woodland and Shrubland and 

and Stream 

Stream 

Table 1-2. Species conservation elements (CEs) selected for the Madrean Archipelago REA. Includes 
current state or federal endangered listing status. 

4.3% 
3.3% 

1.0% 
4% 

Mammal 
Mammal 
Mammal 
Mammal 
Mammal 
Bird 
Reptile 
Amphibian 

Pronghorn (Antilocapro ornericana) None 
Coues white-tailed deer (Odocoileus virginianus couesi) None 
Desert bighorn sheep, all subspecies (Ovis canadensis) None 
Nectar-feeding bats See conceptual model 
Black-tailed prairie dog (Cynornys ludovicianus) None 
Grassland bird assemblage See conceptual model 
Ornate box turtle (Terrapene ornota luteola) None 
Chiricahua leopard frog (Lithobates chiricahuensis) Federally Threatened, 

1.6 Change Agents 
Change agents (CAS) are those anthropogenically-driven or -influenced land uses, activities, or 
phenomena that can affect the ecological status or condition of conservation elements. They are drawn 
from the standard REA change agent categories of development, climate change (described in greater 
detail below), invasive species, and wildland fire (fire). Development is a particularly broad category thai 
includes any direct human use, activity, or infrastructure on the landscape, such as agriculture, border 
patrol activities, roads, urban development, or energy development, among many others. The invasive 
species CA includes invasive non-native species, managed non-native species (e.g., sport fish, game 
animals), and native woody increasers (such as mesquite). Figure 1-2 provides an example of a 
development CA; al l  individual CA maps can be viewed on the BLM REA GIS portal. 

Madrean Archipelago Rapid Ecoregional Assessment: Executive Summary for Final Report Page : 
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Figure 1-2. Exam* of a developmat chaq. agent. The urbanization change agent comes from a 
model of urban density ICLUS SERGoM generated by EPA. 

There were no direct assessments made of change agents in isolation (Le., without interactions wlur 
CEs, other than dimate change zrehds). Instead, change agents were incorporated ihto a series of %EA 
indicator scenarios" (scenarios) that represent indicators of conservation element Key Ecological 
Attributes (see example Figure 1-3). These scenarios were used to  model the current status of the 
conservation elements, the 2025 future lanckape condition (development-caused) status of thred caw 
study conservation elements, and model the current ecological integrity of the ecoregion as a whde 
(see sections below). Additionally, more speculative modeled urban development for the 2025 
timeframe is graphically overlaid on the case study conservation elements and solar potential m a p  are 
presented alone to indicate where future risks to conservation elements may occur (see section 1,9.3]. 

Adadrean Archipelago Rapid Ecoregional Assessment: Executive Summary far Find Report p u e  9 
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Figure 1-3. Exampla of a KEA indicator scenario. The invasive species indicator scenario is comprised of 
invasive species change agents represented at different levels of density that could be associated to 
different levels of impact to the KEA indicator. 

* The climate change assessment addresses climate exposure across the MAR by analyzing recent and 
future climate trends and their estimated influence on conservation elements (CEs). The recent and 
future climate trend analysis examines spatial and temporal patterns of change in a range of climate 
variables. Multiple trend detection statistics were employed to quantify the distribution and magnitude 
of recent climate change, as well as future changes projected by a suite of six global climate models run 
under the A2 greenhouse gas emissions scenario. Additionally, bioclimatic envelope modeling explores 
how projected future climate change may affect the distribution of suitable dimate conditions for 
several ecological communities of the MAR. This approach estimates suitable climate conditions for a 
given CE and projects where those suitable conditions are likely to occur in the midcentury future. 

1.7 REA Products and Results 

1.7.1 Conservation Elements: Current Status 
Current ecological status was assessed for five terrestrial upland CEs, four aquatic CEs, fwe species and 
two species assemblage CEs. Each indicator for each key ecological attribute was assessed individually 
for each CE; the indicators were then combined to calculate the overall ecological status for each CE. 
The individual indicators and overatl ecological status were assessed at 30 m resolution and then the 
overall status was averaged across reporting units to show broader patterns of overall ecological status 

Madman Archipelago Rapid Ecomgional Assessment: Executive Summary for Final Report Page 10 
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for each CE (see example of both resolution products for the nectivorous bat assemblage CE, Figure 14). 0 
Additionally, a frequency graph of status by reporting unit is provided for each CE that illustrates tk 
proportion of the CE area in which range of status values (e.g., in Figure 1-5, the bulk of the CE‘s 
distribution is in relatively low status). 

Generally across the three groups of CEs, similar patterns were observed in the assessment results. First, 
while development activities can have major, local-scale impacts; most development occurs in, and 
hence has impacts upon, lower elevation areas including valleys, floodplains, or in the foothill zoneg. 
Therefore, it is generally a minor driver of the status results for the CEs found at higher elevations. 
Effects of development on CE distributions close to heavily populated or developed areas are evident in 
the ecoregion-wide maps. Effects of the many small roads and highways, which are pervasive 
throughout the area, are difficult to visually discern in the maps. Their impacts on status locally are 
evident when zoomed into specific areas and these smaller, pervasive impacts do contribute to 

Secondly, altered fire regimes are affecting most areas of the ecoregion. All of the terrestrial upland 
ecosystems have significant portions of their distribution in either moderate or severe departure 
categories from historical fire regimes. Most of the species also have poor ecological status across 
of their distribution due to the fire regime indicator. 

Third, invasive species, both in the upland and aquatic realms, are a significant problem at middle to 
lower elevations of the ecoregion. The data for the invasives indicators was generally of poor to 
moderate quality, but the patterns are similar across all three groups of CEs. Lower elevations (Le. not in 
the mountain ranges) are impacted by invasives, while the higher montane elevations are much less 
affected. These results are not unanticipated; invasion by mesquite (Prosopis spp.), exotic grasses and 
forbs, tamarisk (Tarnarix spp.) or Russian olive (Haeagnus angustifoh) and exotic aquatic animal 
species, is well documented for this ecoregion and known to be a growing issue. 

‘11’111 
1 t ‘  ecoregional status results. 1 1  

ftk 

#!I Lastly, water use is one of the greatest stressors affecting aquatic CEs in the Madrean Archipelago 
ecoregion, especially at  lower elevations. While the water use data used in this assessment are spa la y 
coarse, the effects of high water usage can be severe and cause stress to the plants and animals 
dependent upon aquatic ecosystems and their associated riparian or wetland vegetation. The 
abbreviation “AMA” designates a basin identified as an “Active Management Area” for groundwater 
resources under Arizona water law. The areas of high rates of water use are all basins in Arizona wikh 
either dense municipal development (Tucson “AMA”) or large areas of intensive irrigation (Pinal “AMA,” 
Douglas and Willcox basins). Figure 1-5 illustrates the 30 m overall ecological status for one of the 

0 

aquatic CEs, as well as its ecological status averaged across the watershed reporting units. 
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Figure 14. Current overall ecoloqicsl status KO~YM for the netctivorour bat assemblage for each 30m 
plxel (top) and 4km grid c d l s  (reporting units, bottom). LCM = landscape condition model. Yellow scores 
(equivalent to 0) indicate high impacts from the CAS and correspondingly lower ecological status, dark 
blue (equivalent to 1) indicate little to no impact from the CAS and correspondingly higher ecological 
status. In the second map, the score for each 4km cell is an average of the overall ecological status 
scores of the 30m pixels within the 4km cell that were were scored for the CE. 
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Figure 1-5. Overall ecological status scores for the North American Warm Desert Riparian Woodl 
Shrubland, Mesquite Bosque and Stream CE (left) and graphs of frequency distribution (right). 
Ecological status scores were averaged across S*-level watersheds for the CE. A companion graph 
indicates the frequency distribution of ecological status scores for the CE. The x-axis represents the 0.1 
increment scoring intervals, while the y-axis shows the number of watersheds in each interval (left) and 
the cumulative percentage of the grid cells for each interval (right). 

'#i 
0 

I 

1%. Lz 
I 

1.7.2 Current Ecological Integrity of the Ecoregion 
Ecological integrity assessment characterizes the overall status or condition of the ecoregion. For the 
MAR, integrity was assessed for five life zones that incorporated the CEs but provided ecoregion-wide 
coverage: two for the aquatic realm (montane and lowland) and three for the uplands (montane, valley 
and desert). An additional analysis calculated the change in extent of distribution for upland ecological 
systems from historical distribution to current. 0 
For the five life zones, the results for the ecological integrity assessment of the ecoregion show similar 
patterns to those for the CEs. In general, the higher elevation regions have better ecological integrity, a 
result of less development and fewer invasive species, although fire regime departure is significant in all 
of the upland life zones. The Desert Scrub life zone has poor to moderate ecological integrity for much 
of i ts distribution, a result of fire regime alterations and proximity to heavily developed areas (Figue 
1-6). In contrast, much of the Montane Forest life zone has moderate to good ecological integrity (less 
development or invasives species). However, altered fire regimes are a real issue throughout much of 
the montane zone. The Valley Grassland life zone has low ecological integrity across much of its 
distribution. This life zone suffers from effects of all three indicators- extensive development impacts, 
invasive species including mesquite, and moderately to severely altered fire regimes. Only a few areas in 
the northern portions of the ecoregion have good integrity. 
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Figure 1-6. Oistriknian (I&) and integrity assessment results (right) of the Terrestrial Deurt Scrub life 
zone in the M a d m  Archipelago emregional assessment area. The map on the left shows the 
combined distributions of 13 terrestrial ecological systems which comprise the distribution of this life 
zone. The map on the right illustrates integrity results for all three indicators: development, fire regime 
departure, and invasiue species, which were combined into a single ecological integrity score for each 
4km’grid cell. Yellow scores (equivalent to 0) indicate high impacts from the CAS, dark blue (equivalent 
to 1) indicate little to no impact from the CAS. 

The results of the change in extent analysis from historical to current area of terrestrial ecological 
systems show major compositional changes have occurred that have resulted in type conversion (Le. 
from one ecosystem to another) and resultant changes in extent (Figure 1-7). Mesquite Upland Scrub 
has expanded substantially (096 to 20%), as has Chihuahuan Creosotebush Desert Scrub (05% to 13%) 
with subsequent large declines in all of the grassland ecological systems (ApacherianChihuahuan Semi- 
desert Grassland and Steppe (32% to 18%), Chihuahuan Loamy Plains Desert Grassland (4% to nearly 
W), Chihuahuen Bottomland and Swale Grassland (2% to nearly 0%). In addition there has been a large 
dedine in the extent of Sonoran Paloverde-Mixed Cacti Desert Scrub (21% to ll%), largely due to urban 
expansion from T u w n  and surrounding areas and conversion to other desert scrub systems. There are 
only modest amounts of conversion from natural vegetation due to increases in post-European 
settlement (as a proportion of the ecoregion area) such as agriculture (to 1.3%) and development (to 
396). 
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Figure 1-7. Historical us. current area of select terrestrial ecological systems for the entire MAR 0 
ecoregion. The y-axis presents the percent of the MAR study area of the mapped historical (light shade) 
or current (dark shade) extent of each ecological system or land cover type. Historical distribution was 
derived from the Landfire biophysical settings map and current distribution from the NatureServe 
terrestrial ecological systems map, which is based upon the land cover mapping of SW ReGAP. 

35.00% 

3o.m 

25.00% 

2o.ooK 

fS.00% 

10.00% 

5.M% 

0.oOX 

Historical yf. Current Distribution of Select MAR Ecosystems 
.Historical Current 

1 ' 1  

The Aquatic Lowland life zone has reduced ecological integrity primarily because of water use and 
development whereas the Aquatic Montane life zone has much better integrity. For the Lowland life 
zone, areas surrounding, and waters within, the Gila River downstream from the San Simon River 
confluence, most of the San Pedro River, and most of the Santa Cruz River south of Tucson show high 
levels of impact from development, water use, and invasive species. The most altered watersheds are 
located in the areas of Safford, Willcox, and the Tucson metropolis, AZ. The least altered watersheds 
occur in the far west-southwestern corner of the ecoregion assessment area west and south of Sells, AZ 
(in the buffer area of the ecoregion); in the northern third of the lower San Pedro River basin; in the 
lower San Francisco River basin; and surrounding San Bernardino National Wildlife Refuge. Watersheds 
in the Aquatic Montane life zone occur in areas that are generally not impacted by significant 
groundwater withdrawal and surface water diversions, nor are they as heavily exposed to development. 

~~ 
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1.7.3 Conservation Elements Future Risk 
Inadequate data were available to conduct complete status assessments of the CEs for the 2025 
timeframe equivalent to those done for the current (2014) assessments. However, a variety of data 
representing potential areas of development change agents for near future timeframes were available. 
Therefore, only the development indicator was assessed for the 2025 timeframe for each of the three 
case study CEs (see example Figure 1-8) to provide a limited picture of potential ecological status in 
2025. In addition, the case study CE distribution maps were overlaid with a “risk map” of potential urban 
expansion areas to further inform areas and CEs a t  risk. Solar energy potential maps are provided but 
not overlaid on the CE distributions because of their broad distribution, but they can be overlaid with 
any CE via BLM’s GIS portal found a t  
http://www.blm.gov/wo/st/en/prog/more/Landscape_Approach/reas/dataportal. html. 

Comparing the development indicator scores for the current timeframe to the 2025 development-based 
ecological status scores, the observable differences are subtle at the ecoregion scale and are primarily 
driven by urban expansion in the central and southwest portions of the ecoregional assessment area 
and around Tucson and the SunZia and Southline planned transmission corridors. For the aquatic 
ecosystem assessed, the impacts from proposed development appear negligible. 

The extent of future development currently planned, modeled, or with fairly high potential for action by 
2025 is relatively small compared to the ecoregion extent. Therefore, separate assessments would need 
to be conducted to characterize localized effects of individual projects. The SunZia and Southline 
electrical transmission corridors bisect the entire ecoregion and numerous occurrences for several CEs. 
No Solar Emphasis Zones were designated in the BLM Solar PElS in the Madrean Archipelago Ecoregion, 
but there is some solar development on non-federal lands. There are extensive areas of federal lands 
delineated as variance areas where, through careful planning, facilities could be located on certain 
federal lands. 
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Economic Contributions of Wildlife Viewing to the Arizona Economy: A County-Level Analysis 

INTRODUCTION 
This report assesses the 2011 economic contributions of watchable wildlife recreation in Arizona, statewide, 
by county and by specific types of activity. Direct spending by both residents and non-residents for wildlife 
watching was analyzed, along with the multiplier effects of that spending. Only watchable wildlife activities 
that occurred within Arizona were considered. 

... 

Overall, 1.6 million people participated in some form of 
residential or non-residential watchable wildlife recreation in Arizona in 201 1. 
EXCERPT PAGE 8 of the PDF 

Table 8. Economic Contributions of All Watchable Wildlife Recreation in Arizona, by County where the 
Activity Occurred in 201 1 

... 

Cochise Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Revenue 
Federal Tax Revenue 

Graham Retail Sales 
Total Multiplier Effect 
Salaries and Wages 
Full & Part-Time Jobs 
State & Local Tax Rewnue 
Federal Tax Rewnue 

County 
Residents 

$7,357,92 1 
$12,470,790 
$3,830,269 

127 
$81 6,778 
$929,261 

$4,446,570 
$7,455,617 
$2,378,423 

61 
$475,759 
$541,824 

Residents 
From Other 

Counties 

$3,546,665 
$6,031,6 1 9 
$1,913,801 

56 
$359,172 
$408,610 

$1,447,610 
$2,457,967 

$781,026 
22 

$159,869 
$181,325 

Non- 
Residents TOTAL 

$3,227,150 $14,190,743 
$5,528,034 $24,130,389 
$1,878,401 $7,651,115 

53 234 
$390,684 $1,570,931 
$425,603 $1,769,276 

$1,440,366 $7,283,288 
$2,467,315 $12,292,101 

$838,383 $3,977,764 
24 105 

$1 74,373 $806,268 
$1 89,958 $908,067 
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Pima Retail Sales 

Total Multiplier Effect 

Salaries and Wages 

Full & Part-Time Jobs 
State & Local Tax Revenue 

Federal Tax Revenue 

Pinal Retail Sales 

Total Multiplier Effect 

Salaries and Wages 

Full & Part-Tme Jobs 
State & Local Tax Revenue 

Federal Tax Rewnue 

County 
Residents 

$95,440,007 
$161,002,669 
$51,012,094 

1406 
$1 0,252,806 
$1 1,666,952 

$23,14 1,009 
$39,067,381 
$1 2,384,663 

341 
$2,490,479 
$2,833,792 

Residents 
From Other 
Counties 

$40,537,825 
$68,771,763 
$2 1,869,589 

614 
$4,411,036 
$5,016,001 

$13,572,187 
$23,007,700 
$7,321,508 

203 
$1,468,670 
$1,670,505 

[Greenlee County’s sample size was too small -data not available] 
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Non. 
Residents 

$42,208,205 
$72,301,688 
$24,567,79 I 

688 
$5,109,794 
$5,566,505 

$14,677,151 
$25,141,624 
$8,543,012 

239 
$1,776,840 
$1,935,653 

TOTAL 

$1 79,459,718 
$304,368,133 
$97,947,943 

2736 
$1 9,866,395 
$22,374,716 

$52,631,795 
$89,450,156 
$28,733,395 

812 
$5,826,399 
$6,562,038 



ECONOMIC SECTORS STIMULATED BY RESlDENT+NONRESIDENT 
W ILDLl FE WATCH1 NG S P END1 NG 

Ag, Forestry, Fish & Hunting 
Mining 
Utilities 
Construction 
Manufacturing 
Wholesale Trade 
Retail trade 
Transportation & Warehousing 
Inform at ion 
Finance & insurance 
Real estate & rental 
Professional- scientific & tech sws 
Management of companies 
Administratiw & waste services 
Educational sics 
Health & social selMces 
Arts- entertainment & recreation 
Accomodation & food services 
Other services 
Gownment & non NAlCs 
TOTAL 

Total Output 
(Sales) Em ployme nt Income 

79,221,793 
38,683,906 
1 5,826,239 
10,375,163 

249,473,696 
118,192,670 
191,677,954 
79,399,937 
36,494,376 
86,161,603 

141,594,658 
42,773,983 
12,005,983 
28,584,852 

7,623,480 
56,391,568 
7,434,417 

148,140,231 
57,4 1 9,0 1 5 

1,402 
324 

27 
77 

574 
719 

2,864 
52 1 
137 
470 
58 1 
392 

78 
452 
116 
578 
152 

2,199 
985 

15,464,831 
6,086,188 
3,265,830 
4,044,720 

38,188,913 
53,432,25 1 
90,472,109 
29,874,434 

7,822,203 
23,901,612 
11,747,431 
23,378,904 

5,848,491 
14,902,529 
4,435,439 

31,885,933 
3,233,180 

51,483,151 
27,147,402 

30,722,079 245 1 6,954,174 
1,438,197,603 12,892 463,569,725 





DOCKET NO. L-00000YY-15-0318-00171-MCV~l4 

E L S E V I E R  

BHlLOalcAL 
CONSERVATION 

Biological and conservation aspects of bird mortality caused by 
electricity power lines: a review 

Kjetil Bevanger * 
Norwgm hutifulefor Nome Reworch, D I V ~ U M  of Tnnsrrd E d w y ,  TIagmkIrrr 2. N-7005 Trondhcht. N w w y  

Rcce~ved 19 July 1997; racnved in mpd T o m  31 Oaober 1997; accepted 9 Nomber 1997 

Abstna 

Empirical data and tbeoraical coosidnations indicate that species wilh high wing loading and low aspect run a high risk of 
colliding with power Lines. The% birds are charactcrisbd by rapid Uight, and tbc combination of heavy body and rrmall wing8 
restricts swill reactions to unexpected obstacles. When the number of reportal wlliaion vidims is mnaidsrsd relative to the abun- 
dance and population size of the spa5cs concancd, some Galliformes, Gruiforws, Pekcaaifomres and Ciconiiformes spaics &em 
to appear in disptoportionately high numbers. In contrast, speck frequently atfected by ektrocution parthhrly seems to involve 
Ciwniiformm, Falconifomes, Strigifonnes and wssaiTormes. An alarmingly large n u m b  of species with and vul- 
nerable statup olr identified among the victims, but thm arc insufBaent data at present for judging the significana of monality 
cawed by power lines at the population level. 0 1998 ELsevicr Science Ltd. All rigbts reserved. 

K ~ J W C W ~ X  Bird; Electrocution; Endangad spcin: Collision; Power Line 

1. Imlmdmctim 

Steadily increasing environmental stress has made 
mortality factors important that were once considered 
insignilkant. Healthy populations can normally com- 
pensate for additional mortality deriving from unusual 
causcs but may be seriously aI€& when these act on a 
r e d d  population. Ecologists (e.g. Tempk, 1986) have 
emphasised that the circumstances that ultimately cause 
a species to perish may be entirely unlike the incidents 
that f m t  caused the population to bccomt endangd. 
The annual death of birds world-wide through electro- 
cution and collision with powex lines and other types of 
overhead wires (Braaksma, 1%; Renssen et al., 1975; 
Gylstorff, 1979; Hoerschelman et al., 1988; Bevanger, 
1994a, 1995a) is an example of a poorly understood 
mortality, although it was observed and commented on 
for more than one hundred years (Cow, 1876; Emer- 
son, 1904). Reports mainly derive from South Africa, 
North America and Europe, where they were high- 
lighted because of the economic impact of interruptions 
in energy supply, and the scientific and conservation 
concern for endangered, vulnerabk and hawestable 

* Td.: 0041 73 80 14 00; fm: W7 73 80 14 01; 
omail: kjetil.bcvaager@ninatrd.nidku.no 

0006-3207/98/S19.00 0 1998 Elsevia science Ltd. AU rights m e d  
PI I: SO006-3201(91 )OO 176-6 

species (Brown and Lawsn, 1989; Bevanger, 
1994a,b, 19954b; Negro and Ferm, 1995). Infom- 
tion from the rest of Africa, South America, Asia 
and Australia is scarce (for a IiteraUn review, see 
Avery et al., 1980; Herbert and Reese, 1995). As a 
majority of power lines are located in remote areas far 
away from public awareness of the bird collision or 
electrocution problems, reported losses must be con- 
sidered a superficial measure of its O C C U ~ ~ C ~ ~ C ~  (Thomp 
son, 1978; Longridge, 1986; Faams, 1987). 

Much is known about how topographical, meteor- 
ological and technical factors can alter collision or 
electrocution hazards for birds (Bevanger, 1-3 
Alonso et al., 1994; Brown and DrtWien, 1995; APLIC, 
1996). Less attention was paid to the biologicnl and 
ecological characteristics of the victims, ir. behaviour, 
physiology and morphology. No investigations seem to 
have ken &signed to ta t  the influence of, for 
instance, biomechanics on collisions. A main question 
addressed in the present paper is whether existing 
data can reveal qualities of morphology and bio- 
mechanics that pmdid a species’ susceptibility to col- 
lisions with power Lines or ekctrocution accidents. The 
implications of this mortality for conservation arc 
discussed in the light of principles of population 
dynamics. 
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The causa of birds colliding with power lines is a 
complex problem (Bevanger, 1994a,b). Statistical testing 
of pooled data is inappropriate becaw the records are 
biased by several factors: the geographical location of 
the research, the abundance of the specks, their bcha- 
vioural patterns (e.g. the time different spedes spend in 
the air) and their noctutnal and/or crepuscular habits. It 
is, for instana, impractical to obtain relative figures, i.e. 
the number of collisions compared to the number of 
birds crossing overhead wires. for rare species or species 
with a grounddwelling Life style. Resident and migra- 
tory species have fquently been pooled and treated 
together. Investigations addressing this type of infor- 
mation (e.g. Meyer, 1978; James and Haak. 1979; Will- 
dan Associates, 1982; Faanes, 1987; Hartman et al., 
1992) have partly ban designed as ‘worst uise studies’ 
connected with key functional areas for birds and major 
flyways of migratory species. 
Rayner (1988) applied principal component analysis 

to wing morphology and derived statistically indepen- 
dent measures of size and wing proportions. Of parti- 
cular interest were the ‘loading’ and ‘aspect’ 
componcnts, and a scatterplot of thcse for flying birds is 
informative (Fig. I). The major bud groups fall into six 
main categories, determined by differences in aero- 
dynamic performance: ‘poor’ flyers, water birds, diving 
birds, marine soarers, aerial predators and thermal 
soarers. 

As Rayner (1988) emphasised, the species in the lower 
right-hand quadrant (the ‘poor’ flyers) are intensting as 
they have probably never experienced strong pressure to 
enham their flight efliciency. Most of them betong to 
Gruiformes, Galliformes and Tinamiformes. It is 
intmcsthg to relate Rayner’s categories to the data 
derived from the literature on ‘collision specics’ 
(Table 1). 

Indeed, rails, coots and cranes are among the species 
most commonly and numerously recorded as collision 
victims in America and Europe (e.g. McKma and 
Allard, 1976; Heijnis, 1980; Zerda and RoseUi, 1997). 
Moreover, 14 species of the Gruidae and Rallidae 
families world-wide were classified as endangered 
(Temple, 1986). Most of the 15 crane species are known 
to have dwindiing populations with endangered status 
(Bylin, 1983) mainly as a result of destruction of wet- 
land habitats. 

Several gallinaceous species were known to suffer 
losses because of flying into overhead wim (Ltopold, 
1931; Borell, 1939; Paludan, 1963; Krapu, 1974; Rose 
and Baillie, 1992). Recent research in Norway has 
revealed that tetraonids are particularly exposed to col- 
lision hazards (Bevanger. 1988,1995a.b). which is aU the 
mom striking considaing their grounddwelling 
bchaviour. 

The 47 species of Tinamiformes are endemic to the 
Neotropical Regon (del Hoyo et al., 1992). Most of 
them look like gallinaceow birds, although their mor- 
phology reflects convergent evolution. Unfortunately, 
almost no rcstarch addressing the problem of bird col- 
lisions with power lines was cam4 out in Latin Amer- 
ica, but these birds are known to ‘fly into obstacl- 
branches, posts, wires and even houses’ (del Hoyo et al., 
1992, p. 113). If the theoretical considerations about 
high collision probability for the ‘poor‘ flyer group are 
correct, Tinamifoms species should be particularly 
vulnerable to colliding with power lines. Several Tina- 
miformes specks are ranked as vulnerable and endan- 
gered (del Hoyo et al., 1992). 

‘Water buds’ and ‘diving birds’ (Fig. 1) also have 
high wing loading, and many species of Anseriformes 
are recorded as frequent collision victims (Table I). The 
Charadrifomm vary somewhat. Species belonging to 
the Scolopacidae family are found as collision victims in 
nearly every investigation related to birds and power 
lines. This is not surprising considering that most of the 
species are Neotropical and Palaeotropical migrants 
crossing vast distances-and many power lines-in huge 
numbers. The snip Gallinago gullinogo, however, fig- 
ures in the high wing loading group and accounts for 
21% (n=602) among the 2833 Scolopacidae victims 
recorded (Table I). 

In the ‘low loading’ group, gulls are frequent collision 
victims, and are therefore an exception to the prediction 
based on wing morphology (Table I ) .  Studies in 
Washington and Oregon (Mcyer, 1978; James and 
Haak, 1979; Beaulaurier, 1981) showed a significantly 
higher probability that Anatidae species would collide 
than Laridae species, ducks bcing 50-100 times more 
likely to collide than gulls. However, Laridae species 
spend much of their time in the air and are numerous; 
moreover, the investigations incorporated in Tables I 
and 2 mainly derive from wetland and coastal habitats 
where they are particularly common. It has also been 
suggested that birds such as gulls, with high aspect ratio 
and low loading, are susceptible to being blown into 
wires in strong winds, and also that birds in flocks, like 
gulls, may be in greater danger of colliding, particularly 
those that are far behind, as their view is obstructed by 
the birds in front (Scott et al., 1972; Renssen et al., 
1975; Henderson et al., 1996). 

As Rayner (1988) emphasised, there are significant 
variations within some groups (e.g. Anatidae) regarding 
wing load and aspect ratio, underlining the importance 
of making accurate analyses among species in the same 
family to predict the species-specific collision hazard. 
Moreover, reaction studies (James and Haak, 1979) 
have revealed significant variations in the reaction of 
ducks when approaching a power line, indicating dif- 
ferences in perceptional and reaaional abilities as well 
as behaviour (e.g. descending or elevating tlight course, 
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or flight interruption when attempting to cross the 
wins). 

Aerial hunters like the European swift Apur npus and 
several raptor species posscss cxcetknt flying abilities (and 
binocular virion). Howcver, they spend a major part of 
thcir life io the air and the probability of cmsing power 

in5 specks, which may explaii why aerial predators are 
regularly recorded as collision victims, atthough in seem- 
ingly small numbers (- and Overskaug, in press). 

It is difficult to predict the danger to ‘thermal soarers’ 
(Fig. I), i.e. birds witb lnuge and broad wings and a 
dccrrrrsdd wing loading. Same species sern to be s w  
ceptible both to dedrwtion and collision. Herons and 
several other Ciconiifonnes species and Gruifomes and 
Pelecaniformes species, suffer an alarmingly high mor- 
tality from power hoes, but available data do not allow 
clear distinaioas to be made between electrocution and 
collision accidents. However, electrocution accidents 
seem to be iaaurslasty important among these groups, 
apparently being dependent on body size, hunting, 
perching or roosting behaviour. 

lines (and ~ ~ l l i d h g )  is higBer c~mparad to grounddwell- 

Empirical evidence is amassing that species with high 
wing loading and low aspect, i.e. the ‘poor’ flyers, 
deserve to be classiied io a high risk group aa regards 
collisions with pow lines. The ‘poor’ flycrs are char- 
acterised by rapid flight, and the combination of heavy 
body and small wings obviously restrids swift reactions 
to unexpected obstacles. 

An interrelationship between biomechanical factors 
and vision should certainly be considered. Unfortu- 
nately, there is a lack of detailed information about the 
sensory capacities of birds, although remuch mto bird 
vision has revealed a great variety of adaptations among 
various groups (Sillman, 1973; Martin, 1985; Schmidt- 
Morand, 1992). 

3. Q m C S  Of bw 

Electrocution of birds is a simpk~ problem than col- 
lision. It may take place when a bird touches two phase 
conductors or ooe condudor and ao earthcd device 
simultaneously, especially when the feathers are wet. 
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Table 1 
Bids recorded as %rns of colbions mth power lines in 16 inwhptiom 

Order Family Genua Specia individuals 

K. Bevanger/Bidogid Cmwervatbn 86 (1998) 67-7b 

- .- ~ __- 

Gavirotlna 
Podicipedifomm 
Procellariiformes 
Peleadfomes 

Ciconiiformes 

Anseriforma 
Falconiformes 

G.LLifonncs 
Gruifom 
charadrifoormcs 

Apodiformes 
columbifonnes 
cuculiform*l 
Strigiforme% 

ppsaerifonnes 

Gavidae (divers) 
Podieipedidae @be) 
Procdtaridiidae (fulmars, prrels, shearwaters) 
Pelbepnidae (pelicans) 
sulidae (bwbies. gaan*s) 
waLcrocoracidac (connoranis, shag) 
Ardeidrc (bitterns, herons) 
C i n i i d a e  (storks) 
ThreskMmithidre (ibises, spoonbills) 
pbosnicoptrriaae (Ramingo4 
Anatidae (wildfowl) 
Acdpitridac (hawks, vultures, eagle) 
Fakonidae ( f h n s  and diies) 
Phasianidac (partridw, quDila pheasants and allies) 
Rallidac/GNidae (rads, coots. cranes) 
HaematopodrdDc (oystercatchers) 
Rccurvim* (stilts, avccets) 
Burhiniae (stonecurlews, stone-piovers) 
cbsradriid.e (plovers, lapwings) 
Scolopridae (snipe, sandpipers and allies) 
hdae (gulls) 
Apcdidae (swills) 
columbidae (pipas) 
Cuculidae (cuckoos) 
Tytonidac (barn owls and allies) 
Strigidat (typical owls) 
Tyrannid.c (tyrant Bycatchen) 
Alaudidae (larks) 
HirundinMac (swallows) 
Motacillidae (pipits. wa@&) 
Troglodytidae (wrens) 
Turdidse (chats, ~ h c s )  
Sylviidae (warblers and Jlier) 
Muscicapidac (llycatchers) 
Emkrizidac (buntinas and allies) 
Parulidae (wood-warblers) 
lcteridae (blackbirds. orioles and allies) 
Fringillidrc (finches) 
Ploceidae (weaven and attics) 
Sturnidae (starlin& 
Corvidae (00ws and allies) 

1 
4 
I 
I 
I 
I 
4 
1 
2 
1 

14 
3 
1 
7 
6 
1 
2 
1 
3 

19 
5 
1 
3 
1 
1 
2 
2 
I 
I 
2 
2 
6 
5 
I 
7 
3 
3 
2 
I 
4 
2 

____ I_ 

2 
7 
I 
2 
I 
2 
6 
I 
3 
I 

31 
4 
4 
9 
9 
1 
3 
I 
7 

411 
16 

1 
7 
1 
1 
3 
2 
1 
1 
3 
3 
12 
12 
2 

I 1  
4 
3 
4 
I 
6 
2 

3 
303 
4 
4 
1 

62 
79 
5 
13 
8 

2983 
1 
7 

32 I 
1653 
54 
12 

I 
520 

2833 
1447 

6 
314 

2 
I 
4 
6 
68 
9 
34 
3 

420 
117 
3 
86 
7 

87 
25 
46 

590 
18 

Refercnm: Scott et al. (1972); McKenaa and M a d  (1976); A n d m  (1978); Gylstofi (1979); M c y a  (1978); C h r i s m  (1980); G- et d., 
(1980); Hdjais (1980); WiW.n Associates (1982); Longridge (1986); Rusl et al. (1986); Bmuger (1988); shinpad (1989); HDNDD~ et at. (1992); 
&vanecr (1993); &vanget and Sandaker (1993). 

Hence, body size and bchaviour, such as perching and 
roosting on poles or wires, are the keys to  under- 
standing why and how birds become electrocuted. 

Birds below the size of a jackdaw Corvus monedufu 
have a reduced chance of becoming electrocuted 
because the conductors and earth wire or earthed devi- 
ces are generally too far apart. However, irregular and 
unexpected electrocution accidents do take place 
because of the huge diversity in electrical installations 
and equipment (Kroodsma and Van Dyke, 1985; Negro 
aod Ferrer, 1995). In Norway, pole-mounted transfor- 
mers, pin insulators and a triangular conductor config- 
uration were reported as the most dangerous 
electrocuting devices by the energy companies as a 

response to a questionnaire (Bevanger and Thingstad, 
1988). Flocks of small birds (house sparrow Passer 
domesthis, starling Sturnus vulgaris and thrushes 
Turdus spp. ) crossing a high tension power line (and 
when several roosting birds take off simultaneously) 
have also been observed to result in short circuits, as the 
current can pass through several individuals (reported 
by four energy companies in Norway; cf. Manger and 
Thingstad, 1988). 
Species frequently affected by electrocution belong to 

Ciconiifonnes, Falconiformes, Strigformes and Passer- 
iformes (Tables 2 and 3) (Bevanger, 1994b). Data on 
electrocution from Germany, Switzerland and Spain 
(Haas, 1980) show a majority of medium sized raptors 
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Table 2 
B& recorded as coltision or ekcvoeution victims. Tbc data how kcn 
scponttdintostodia~wilb:(i)birdcollidonrwithposvalincE; 
Mi bird dcetrocution; and (iii) Mgiw ncoveriuio reponing 'killed by 
dectrity'. Cotegory Bii) connot k separated into cdliaion or 
ekurccution aa rexwrk of ringed bifds arc not normally spaitic 
regarding collision or electroadion mortality 
order Numba of birds 

Gavifonne 

Roodl.riilOtlDU 
pelecanifonnes 
Ciconiiformcs 
Anserif' 
F.loonifonnes 
Gallifotmcr 
Gruif- 
chandrifoorwr 
Apo~bfonnes 
Colmbifonnes 
Cunrlifonnes 
Strigifonas 
caprimulgifonnea 
C o d m m M  
Piciforma 
wssnifom~ 

Podicipediformclr 

collision 

___.___- 
3 

303 
4 

61 
105 

2983 
14 

32 I 
1653 
4867 

6 
374 

2 
5 
- 

- 
1519 

Electrocution Rinpns 
recoveries _ _ _ _ _ _ _  
- 
2 

45 
193 

3091 
618 
I7 
37 

l l s o  
74 
20 
3 

263 
I 
4 
I3 

1258 

ia  

Refmnas collision data: Scott et al. (1972); McKcnna and Alhd 
(1976); Anderson (1978): Mcyer (1978): GylslortT(149): Chrishmn 
(1980); Gmssc et al. (1980): Heijnis (1980); Willdan Associates (1982); 
Longridge (1986): Rusz et al. (1986); Bevan#s (1988): Thingstad 
(1989); Hamuan et aL (1992); Bevanga (1993): Bevanger and Sanda- 
ker (1593). 

Referenas electrocution data: Haas (1980); Fmcr et al. (1991). 
Refmaas  ringing mverics Stolt et al. (1986); Bcvaagcr and 

Thingstad (1988); Rose and Baillie (1992). 

and owls (and also corvids) figuring among the casual- 
ties. Unfortunately, few reports addressing electrocution 
mortality have included complete lists of the victim 
species and the numbers of casualties. Several species 
among the 'thermal soarers' (e.g. hawks, eagles, 
vultures, condors) are obviously susceptible to 
electrocution using utility structures for perching. 
However, rccords, even from biologists, frequently fail 
to distinguish between death caused by collision or 
electrocution. 

Adult white storks Ciconiu ciconiu and eagle owls 
Bubo bubo seem to be surprisingly common among 
electrocution (and collision) victims of these species 
(Fiedler and Wissner, 1980; Stolt et al., 1986; Larsen 
and Stensrud, 1988; Grischtschenko and Gaber. 1990). 
These data seem to be among the most convincing 
indication of a population-regulating effect of mortality 
caused by utility structures. In their analyses of 1185 
recoveries of 'Helgoland ringed' white storks, Rkgel 
and Winkel (1971) found that, of 294 birds recovered in 
Germany with known causes of death, 226 were killed 

71 

because of 'overhead wires'. Of these, 62.8% wen I -  
year-old subadults, 2.2% were 2- and 3-year-old buds 
and 35% were 4-year-old or oldar adults. 

Benson (1980, 1982) concluded that subadult age 
classes of large raptors suffer higher losses because of 
electrocution than adults, as a result of incxpericncc in 
mgbt and different hunting methods. Young and juve- 
nile birds an inexperienced flyers lcss adept at man- 
oeuvring than adults, t.g. when landing and taking off 
(Nelson and Nelson, 1976, 1977) and may even over- 
baIance while perching on a high-tension wire and 
become electrocuted (Lesbem, 1985). Several authors 
have stressed that there is a high percentage ofjuveniles 
and subadults among collision victims because sub  
adults normally constitute the majority of a population, 
particularly in autumn; subadults oftcn haw a more 
gregarious behaviour, and several investigations were 
carried out in periods when the proportion of young 
birds in the population IS high and exposed. It was 
claimed that birds learn to avoid a~ obstacles through 
experience (Lee, 1978; Thompson, 1978). However, no 
hard data seem to exist. Birds injured in collisions and 
electrocution may recover (Benson, 1982), but most 
individuals only gain experience once, and habituation 
seems particularly irrelevant in the case of electrocution. 

In South Africa, several hundred individuals of the 
vulnerable, endemic Cape vulture Gyps coprothwes were 
found electrocuted (Markus, 1972; Ledger and Anne- 
gam, 1981; Mundy et al., 1992; Ledger et al., 1993), and 
numerous Egyptian vultures Neophron percnoprew- 

Table 3 
Birds recarded as ckcb-oe&oa vlaima (boscd on Haas, 1980) 

Order Family No. of No. of No. of 
genera spscits indjvlduals 

Cioniiformm Clmniii 

Falconifonna AOeipitridre 
(storks) 

(hawks. w l ~ e s ,  
-$es) 
Falcon& 
(falcons and allies) 

(guw 

@ieCond 

(barn owls and 
allies) 
Strigidae 
(typical owls) 

Pnsserifonnes Turdidae 
(chars. chtushcs) 
Stumidae 
( S r n h P )  
LanidaC 
(rhrika) 
comdae 
(crows and n l k )  

Charadriformcs Laridae 

Columbifonncs Colmbidac 

Strigiformg Tytonidac 

-.____. 

1 2 14 

9 13 430 

1 I 88 

1 1 I 

1 3 12 

I I 14 

3 3 54 

2 4 1s 

1 1 18 

I 1 I 

2 4 382 
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coaai&red as eadaqgmd in South Africa-were found 
elsctrocutcd in the Sudan (Nikohw, 1984). During the 
last few years, numcTous reports of electrocuted raptors 
have come from Spain and other parts of southern 
Europe, particular concern being expnssed for the 
Spnnish imperial eagle Aqdu &berti (Ferrer et al., 
1991; Negro and Ferrer. 1995). In Norway, most of the 
owl and raptor species were recorded as either collision 
or ekctracution victims (Bevangcr and Overskaug, in 
press). 

It is now hoped to save the California condor Gym- 
nogyps californionuF from becoming extinct through 
breeding in captivity (Wellace, 1992; Caughley, 1994). 
In 1992, three of eight released birds in the Comer dis- 
tribution area of the species were found electrocuted 
(Mestel, 1993). while the initial population decline was 
supposed to have been caused by habitat loss, shooting, 
etc., it was stressed that toxic organochlorines were the 
main factor during the 1970s and 1980s. It is imperative 
tockarlydetmlmc . the c a w s  of decline in the popula- 
tion of a critically endangered species to enable appro- 
priate management actions to be implemented. 
Particular attention should be paid to local populations 
and areas with a high density of overhead wires. 

A comlmauom mpoeb of follieloll Id ekctroertion 
-tr 

No investigation was found that was spcci6caUy 
dcsigned to judge effects of power tines on bird mortal- 
ity at the population level, and the problem has mainly 
been addressed as one w-objective among empirical 
questions connected with collision extent, behavioural 
effects and mitigating measures (Meyer, 1978; Beau- 
laurier, 1981; Willdan Associates, 1982; Faanes, 1987; 
Hartman et al., 1992). 

The impact of seemingly density-independent mortal- 
ity factors, like hunting, predation and utility structures, 
is generally thought to bc compensated for among the 
survivors. Although numerous birds and mammals 
generally show a type. I1 survivorship curve (e.g. Begon 
et al., I%), indicating that few individuals m h  their 
physiological life span and that survival is highly age- 
dependent, it is well known that heavy hunting may 
change survivorship curves within a population, for 
example from a type I survivorship (i.e. mortality is 
massive towards the end of the greatest life span) 
towards a type Il suMvorsbip curve (Lowe, 1969). If a 
dwindling population is unable to respond with com- 
pensatory actions to the mortality caused by utility 
structures, this mortality is population regulatory and 
must be considered a significant problem for nature 
management authorities. 

Species with dwindling populations are listed in Red 
Data Books (RDB) and it is reasonable that RDB 

species arc a main target of concern regarding anthro- 
pogeuically-induced mortality factors (e.8. Willard, 
1978. There are numerous collision and electrocution 
victims among bird species recorded as vulnerable and 
endangered (Appendix A). It is not surprising that there 
are no good data for most fare species. Even in abun- 
dant species, like waders and gulls, observed collisions 
occur in only between 0.07 and 0.003% of total flights 
(Meyer, 1978). However, recoveries of rare species, rim- 
gal in small numbers, were made. For example only two 
ringed individuals of both corn crake Crex crex and 
water rail Rclllus uquuricus were recovered in Norway 
during the period 1914-1981 (FJevanga and Thingstad, 
1988), which constitute 3.3 and 6.1% of the total num- 
ber of ringed birds, respectively. In both these species, 
one of the recoveries was a collision victim. 
There arc contrasting views regarding threat cate 

gories for birds and animals (c.g. Collar and Andrew, 
1988; Mace and Lande, 1991; Bibby et al., 1992). Spe- 
cies recorded in a world-wide RDB list do not ncctssB- 
rily reflect local or regional (in some instances not 
national) situations. When the significance of coUision 
and electrocution-induced mortality is being addressed 
particular attention should be paid to local populations. 
Unfortunately, some countries are stiU ignorant about 
the population status of potentially vulnerable and 
endangered species, and lack a conservation manage- 
ment action plan. 

The indirect effects of utility structures are rarely 
focused upon. Clear-felled transmission-line corridors in 
forest areas vary in breadth from 30m up to 60m or 
more depending on the voltage, and may have far- 
reaching fragmenting and habitat-changing effects that 
might affect the fauna (e.8. Bevangcr and Henrikscn, 
1996). Habitat fragmentation is identified as a main 
threat to biodiversity and is a focal point among con- 
servation biologists, especially in tropical and neo- 
tropical m s  (Biemgtsard et al., 1992; Fiedler, 1993). 
There is no question that many more power lines will be 
built in the future, particularly in vulnerable, tropical 
and subtropical areas (Bcvanger, 1%). It was strcsscd 
that power-tine corridors may be particularly damaging 
and create barriers to some groups of species (e.g. 
antbirds (Formicariidae), ovenbirds (Furnariidae), 
hummingbirds (Trochilidae) and tapaculos (Rhino- 
cryptidae)) that are restricted to the understorey of 
mature forests (Zerda and Rosselli. 1997). Spccialised 
mammals in the tropics, including primates, bats and 
rodents, are vulnerable to habitat fragmentation, as are 
amphibians and reptiles. Several of these creatures are 
also prone to electrocution (e.g. Quincy, 1993; Lawson 
and Wyndham, 1993; Zerda and RosseUi, 1997), 
although few studies have focused on this. 

Conservation management authorities should not 
only focrus on the lack of hard data rootcd in population 
dynamics but use available documentation and indices 
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to carry out an early warning policy, like those deriving 
from analyses of morphology and biomechanics. Hope 
fully this can also convince emcrgy compnies to ser- 
iously consider h c i a l l y  adverse alternative routing, 
earth cabling and tschnicrtl solutions for the construc- 
tion of utility structures to reduce the adverse wildlife 
effects. 

0 
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Gruifonncs 

Strigifonaw 

PelCEanidrt P&mw DalmatknpelicnnP.crirpu Crivelli et d.. 1988 
Ryder. 1981 
McNal et al., 1% 

R o r  and Baillie, 1992 

Oatley and Rammmnaycr. 1988 

White pelican P. erythrorhyndrtu 
kown pelican P. occihralis 

&&id% Barowur Eurasian bittam E. stellarb Andersen-Harild and Bloch, 1973; GyistorR, 1979; 

cicoaiidac Ciconia White stork C. cicmia Fiedh and Wtssncr, 1980. Haas, 1980 

Phanicoptaidae pihorniroprerw Ltaser fluninao P. Nbcr haridne. 1986 - 
Gmater flamingo P.  minor 
Mute FUM C. dor 

wbooper swan c. Cygnus 

Tundra swan C. colwrbiwu bt-wkkii R o e  and Baillie. 1992 
Greylag pose A. m e r  Roc and Bailtie, 1992 
California candor G. cd!fomimw Snyder. 1986, Anon.. 1993 
osprey P. halidtus Stolt et al., 1986 Bevangu and Thingstad, 1% 

Western honey buzzard P .  @row Stolt et d., 1986 
Red kite M. nrilnu Haas, 1980; F m a e t  al., 1991; Rwe and BaiUie, 1992 
American bald eagle H. Iclceacephd~Smitb and Murphy, 1972; Meyer, 1980: 

OleodortTsad Lebman, 1986 
Whitc-Lailed sea eagle H. albiCiu0 Bevanger a d  Thinptad, 1988 
Ciacnouc vulture A. ~IVMC~IU Garzon, 1977 
Griffon vulture G. fuhuc Mundy, 1983; Leshcm, 198.5; Ferrer et al.. 1991 
cape vulture c. coprotheres Markm, 1972, Ledger, 19% 

Ledger and Amepm, 1981 
African wbite-bscked vulture Drake and Mundy, 1981 
G. cdfrirmnu 
Egyptian vulture N. percnopterw Nikolaus. 1984 
Lammcrgder G. k k n r r  Wuahrich, 1993 
Martial eagle H. &lficmus Brooke, 1984, Modean, 1982; Ledger, 1990 
HR harrier C. cyamu Scott et al., 19n Rose and Bniilie, 1992 
Montague's harrier C. pygprgrs Roae and Bailhe., 1992 
Wcstan manrb harrier C. acngimwt ROE and Baillie, 1992 

Lm&d&; 1986 
Perrins and Scars, 1991; Rose and BaiUic, 1992, 
Mathiaoson, 1993 
Folkezted, 1980; Rose and Baillie. 1992; 
Bevanger, w b l .  

MuAoZ-PulidO,, 1990 

Nortbrm goshawk A .  gear& 

Spa& imperial eagle 
A. k l k a  e r i  
Golden eagle A .  chrydros 

Gyr falcon F. nrrricolw 
Peregrine falcon F. peregrurvr 

Common crane G. xtma 
Sandhill crane G. c d  

Manchurian crane G.japnu&s 
Whoping crane G. omericw 
Wattkd crane E. c d f w  
Water nil R aquaiicw 

Corn crake C. crex 
Spotted crake P. porzana 
Kon bustnrd A. km' 
Great bwtard 0. tur& 
Barn owl T. dh 
Northcm eagle owl E. bubo 

Ural owl S. wialemb 
Great grey owl s. newm 

Stolt et al., 1% &plysr and Thingstad. 1988; 
Rose and W e ,  1992 
Gamn,  1977; Haes, 19W, Femr and Court, 1988; 
Meyburg, 198% Ferret et al., 1591 
Oleadoflet d., 1981; Bevan@ and Thingstad. 1988; 
Rose and Baillie, 1992 
Oudmundssoo and Clauaen, 1974 
O k n  and Olm, 1980; Stolr e l  al., 1986; 
Rore and W e ,  1992 
Stolt a al.. 1986 
Walkinshaw, 19%; LBeWiea, 1973; Brown et al., 1987: 
Windingstad. 1988 
Brown et al., 1987 
Brown et al., 198'1; Doughty, 1989; Howe, 1989 
Johnson and Sinclair, 1984 
Scott et al., 1972; Gnrrse et al., 1980; 
Bevanga and Thingstad, 1988 
Stolt et al., 1986. bangs and Thingstad, 1988 
Grwse et al., 1980, Hcijnia, 1980 
Longridge, 1986 
Cramp and S i o n r .  1980, CpTdoQO, 1985 
Rosc and Bpillic, 1992 
Glutz and bwr, 1980; Farstel, 1983: 
Lam aod slcnsrud, 1988 
Stolt et ai., 1986 
Stolt et al.. 1986 
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Bird Strikes and Electrocutions at Power Lines, Communication 
Towers, and Wind Turbines: State of the Art and State of the Science - 

Next Steps Toward Mitigation' 

Albert M. Manville. 11' 

Abstract 
Migratory birds suIiw comidemblc humancauscd 
niortality from structurcs built lo provide public scrb- 
ices and anienitics. Thrw such entities arc increasing 
nationwide: communication towers, power lines, and 
wind turbines. Communication towers have becn grow- 
ing at an cxponcntial rate o ~ c r  at least the pa.. 6 years. 
The L S .  Fish and Wildlife %nice is cspccially con- 
c c m 4  about gmwing impacts to some X36 s p i e s  of 
migratory birds currmtly protcctcd under the Miga- 
tor) Bird Tmaty Act of 1018. m amended. While mor- 
tality estiniatcs arc often sketchy. and won't be verificd 
until nationwide cumulati\e unpact studies are con- 
ducted, current figurcs am tmubling. Communication 
towcrs may kill from 4-50 million buds pw year. Col- 
lisions with power transmission and distnbutim l in s  
niay kill anlwhcre from h u n h d s  of thousands to 175 
niillion birds annually. and powr  lines clwtrocute tens 
to hundmdc of thousands more birds annually. but 
these utilities arc poorly monitor4 for both strikes and 
elwtmcutions. More than 15,m wind turhincs niay 
kill 40,000 or more bids annually nationwide. the ma- 
iixity in California. This paper will address the corn- 
monalities of bird impacts amng  these industries: 
those bird species that tcnd to be most affwtd: and 
rcscarch t completed. curmnt. and proposed) inteiidcd 
to rcducc bird collisions and electrocutions nationwide. 
Thc issucs of structure location (sitmg). Lighting, guy 
supports. lattice or tubular structurcs. hird behaha\.ior, 
and habitat modifications arc rcviewd. In addition. 
this ppcr reviews the respectibe rolcs and publications 
of the Avian Powr Lme interaction Cc>nimittw and 
the Wildlife Workgroup of the National Wind Coordin- 
ating Committee, the rolcs ofthe Scrviccchaircd Com- 
munication Tower Working Group and \Vind Turbine 
Siting Working (;n>up, and the Fish and Wildlife Scr- 
vices' \o luntq  towcrand turbine siting and placcmcnt 
guidclmes. An update on recent Communication Tower 
\,'orking Group rcsarch initialires will also be discus- 
r d  along with promising research findings and need% 

k'q wwrlr: APLIC. avian impacts, avian mortality. 
BGEPA. bird strikes. collisions. communication 
towers. CTWG. clectmcutions. ESA, MBTA. mitiga- 
tion nicasurcs. NWCC, power lines. transniission and 
distribution lines. wind turbines. 

Introduction 
Acquiring rcliahle estimates o !  avian population mor- 
tality is difficult. even under controlled circumstances. 
and the thrcarr, to birds from human dc\elopmcnt con- 
tinue to increase i n  the Lnitul States and elsewhere 
globally. As tlic L S .  human population  TOWS now 
the third largest in the world human stmctures and 
the scmims needed to mcet populalion demands con- 
tinue to incrcasc. Ihfortunately. the impacts of thew 
dmctures and smices on birds, bats. and other speics 
are gmenlly unaccountcd for. unknown. or only 
roughly cstiniatcd. This papr  mill address thrw of 
these structural impacts. thow from power lines. com- 
niunication towers, aid wind turbines. 

To hettcr understand the impacts of huniai-causal 
mortality oii landhirds arld wcntly on hats. attenipts 
have bcrn made not only to estimate these mortality 
factors. but also to asxs the spring and fall popuk- 
tions of brccdng landbird in North America to deter- 
niinc rough rmrtalily pcrccntages. While bud hutiting 
mortality has hccn documcntcd back to at lead Biblical 
times, mrlalily caused by structures was lust docu- 
mented in the United States in 1x74 at lighthouses and 
lamps (Forest and Strcani 1x74) and in IS76 at 
telegraph wircs (('oues 1 X76). The first I;.S. Fish and 
Wildlife Scrvice (CSFWS or S~micc)  attempt to 
cstimate nationwide human-mwxl annual mortality 
was published by Balks (lY7Y) whcre he cstinlated 
1% inillion bird deaths causcd hy human activity. This 
cstimate reprsented 1.9 pcrcent of the then existing 
estimaltd hird population in North Amcriea. Of the I96 
niillion cstimatod deaths. 61 pcrccnt were frnm hunt- 
ing. 32 pcrccnt fmm collisions with stmcturcs. and 2 
perccnt from pollution and poisoning. To assess tk 
natimwide status ofbrwding hird populations. Aldrich 
et al. (IY75) used the IY73 Brccdmg Bird Suney. 
which averagcd 1.284 birdstn' (3.325 hirdshii'), to 
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estimate 9.975 billion breeding landbirds in the 1Jnited 
States exclusive of Alaska and Hawaii. Tlicy concludcd 
tliat the autu!iin landbird population \vas probably 
twice that figure . 20 billion. Banks (1979) uscd the 
tigiire of I0 billion breeding birds in the contiguous 
United States and assumed a n  average annual mortality 
of I O  billion birds. J .  Trapp (unpubl. data), of the 
USFWS' Division of Migratory Bird Managancnt. 
cxaniined Breeding Bird ('ensuses for 199 I and 1992. 
extrapolated from these figures. and concluded that it 
was probably safe to talk about minitiium breeding 
populations on the order of IO billion birds. :uid 
minimum fal l  populations on the order of 20 billion 
birds in North Aincrica north of Mexico. While tlicrc 
arc far inore birds than people getierally realize, 
population impacts can be sizable arid most hunian- 
ctiuscd avian mortality factors are not systcmatically 
monitored or assessed. 

The USFWS is currently responsible for the coiisena- 
tion and mamgcmcnt of 836 spccics of tnigratory birds 
in the United States; these birds are killed by myriad 
noli-hunting-relatcd factors. These include collisions 
with communication towers. power lines. wind 
turbines. buildings and windcnvs, smokestacks and 
iiiotiwiients. automobiles, and aircrati; electrocutions at 
power lines: predation by domestic cats: poisoning 
from pesticides. oil and contaminant spills: drowning 
in  oil and wastewater pits: entanglement. stratigulation. 
and drowning in fkliitig gear; and loss or degradation 
of habitat. 

Of tlic 836 migratory bird species iiianagcd by 
USFWS. at least 223 arc in trouble. Tlicsc iiicludc 92 
listed on the Federal Endangered Species Act (ESA: I6 
lJ.S.C. 1531 et seq.: 77 are endangered and I5 are 
thrcatcncd). and 13 1 on the 1JSFWS's National List of 
Birds of Conservation Concern 2002 (LISFWS 2003). 
Populations are declining prccipitciusly for some of 
these species. To add yet another challcngc to manag- 
ing birds, \ve essentially lack data on the status of h l l y  
one-third of all North American bird populations. 
These chal Icn gcs makc rnariagciiicn t difficult . Recent 
ex trapola t ions from vari oils da tabascs indica tc that 
human-caused mortality could account for billions of 
bird deaths per year (Klcm 1990. Corcoran 1999. 
Erickson et al. 2 0 0  I .  Manvillc 200 la. Manvillc 2001 b). 
Based only on estimates of annual iiiortality from vch- 
iclcs strikes (60- 80 million). building and Lvindow col- 
lisions (98- 980 million), smoke stack casualties (tcns 
to hundreds of thousands). power line electrocutions 
(tcns to hundreds of thousands), power line itiipacts 
(hundreds of thousands to perhaps I75 niillion). cotii- 
munication tower accidents (4-5 to 40-50 million). and 
wind turbine impacts (- 34,000). Erickson et al. (2001 ) 
estimated from 100 million to well over one billion 
birds killed annually. The extent to which cumulative 
mortality from all human-caused factors affects bird 

populations. and iiieaSiires that can be takcti to reduce 
thew e\ cnts. are matters of considerable interest m d  
concern to the Senice arid others (Mam i l k  200 I b). 

Structural Review 
The US.  Power Grid 

Since the U.S. pokvcr grid u a s  first constructed in the 
late 1880s. power line expansion has increased trcmcn- 
dously. With a growing U.S. population. industrial ex- 
pansion. and public cicmand for more electricity a s  
cxempliticd by energy challenges in California in 
2001. iiiorc po\vcr lines arc being installed. The most 
recent nationwide estimates indicate that tlicrc arc more 
than X04.500 km (500.000 mi) of bulk transmission 
lines in the IJS. (transmission lines in the [J.S. carry 
> I  15.000 \olts,'I 15 kV. with conductors attached to 
either tall wood. concrete or stwl toLvcrs; APLIC' 1996. 
i iamcss 1997. Edisoii Electric Institute 2000). Much of 
the problem with bird collisions is associated with 
transmission lines. Distribution lines (those in the U.S. 
carrying <69.000 iri69kV) are constnicted on I I - IS 111 

(36- 49 ft) Lvooden, steel. or concrete poles. typicallg 
configured with one. tuo. or three energized (phase) 
wircs and oiic neutral (grounded) wire. Raptor clcctro- 
cutions. especially i n  the westcm United States. are 

ociatcd with distribution lines. Dis- 
tribution lines have phase-to-phase and phasc-to- 
grouiid wire clearances which place birds perching o n  
the supporting poles at niuch greater risk of completing 
a circuit and suffering electrocution. ofcii resulting in a 
power outage (Bockcr and Nickersoti 1975. Itamcss 
1997). Because of rapid expailsion. new Jcvclopment. 
and jurisdictional issues, no good accounting of the 
total amount of distribution line is available for the 
United States; it is certainly in the iiiillioris of 
kilometers. h'illians (2000) cites the figure of 
1 16-53 1.289 distribution poles in the United Statcs but 
lists no figure for wire length. 

Power Line Electrocutions 

Birds have been subject to electrocutions and collisions 
in the United States siiicc the first overhead telegraph 
\vires iverc stntng in the late I86Os. initially reported 
by Coucs (1876) in niral Colorado. Electrification of 
the CJnitcd States and dcvclopmcnt of. the [J.S. pmvcr 
grid began by the late 1880s and has rapidly expanded 
since. Not surprisingly. by 1922. caglc electrocutions 
were first reported at transmission lines. folloncd in  
1933 by ha\vk electrocutions at distribution lines. and 
in I940 by power outages on Idaho Power lines which 
subsequently were retrofitted with a deterrent device 
intended to discouragc caglcs from landing (R. 
lfamcss. EDM Intcmational. pers. comm.). By the 
carly 1970s tlic electric utility industry liad become 
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acutely aware of bird electrocutions - especially to 
eagles. hawks. and owls. Reports of significant bird 
mortality during the winter of 1970-197 I in C'olorado 
and Wyoming drew the attention of state and Federal 
law ciitbrcenicnt agents and the industry; nearly 1.200 
eagle deaths wcre reported resulting from poisoning ( N  
- 30 1 ). shooting from aircraft ( N  - S O 0  1 ) and 
electrocution or shooting along a power line ( N  
300 1 ) (Olcndorff et al. 19X I : L. Suazo. USFWS. pers. 
comm.). M.W. Nelson's 1980 film "Sil\-cr Wires, 
Golden Wings'' followed, which was otic of the first 
public relations efforts designed to help prevent caglc 
electrocutions and to encourage use of nesting 
platfornis on power poles (Lehman et al. 1999). Nelson 
filmed trained Cioldcn Eagles (Aquiku chr?,saetos) 
during take-off's and landings on uti-energized mock-up 
po\vcr poles to detcniiinc how electrocutions occurred 
and ho\v they might be prevented. His and other 
rcsearch Id to an update to the Suggested Practices 
document (Olendort'fct al. 19s 1 ). 

In an attempt to bcgin addressing both collision (spc- 
citically Whooping C'rrtnes [Gms urnericrma]) and 
electrocution problems. ail ad hoc conuiiittce rcprc- 
scntcd by several investor-owned electric utilities 
(IOlJs). the National Audubon Society (NAS). and the 
Senicc was created in 1983. By 1989, a more fonnal 
relationship \vas established with the creation of thc 
Avian Power Line Interaction Committee ( APLIC') 
composed then of nine IOUs and the FWS (Lewis 
1907) -- with technical advice from staff of NAS, 
C'lcinson IJniversity. and the University of Idaho. 
APLIC' was housed in the IOIJ trade association Edison 
Electric Institute (EEI). Washington, DC' ( 1  luckabce 
1993). Following research and earlier publications in 
I Y75 and 198 I .  Suggested Practices for Raptor Protcc- 
tion on Powerlines (APLIC' 1996) became the first 
definitive \ w r k  on raptor electrocutions. It was re- 
printed i n  2000 in Spanish. That saiiic year the ins- 
tructional video, Raptors at Risk (North American Fal- 
coners' Association et ai. 2000) was released to the 
public. documenting raptor electrocutions and illustrat- 
ing inexpensive avoidance techniques. Copies can be 
obtained from R. Harness at EDM Intcmational. 

rha mcsski d m l  i 11 k .coni>. 

LVhile the efforts of APLIC' to reduce bird clectrocut- 
ions and collisions have bmn key. many in the electric 
utility industry may still not be getting the message that 
human-caused bird deaths arc unacceptable (Williams 
2000) .  At present. APLK' is composed of I8 IOIJs (out 
of 1 S6-some IOlJs within this country); otic IOIJ trade 
association (EEI);  some 960 cooperatives represented 
by the National Rural Electric C'ooperative Association 
( N  REC'A; out of approxiinatcly 1,056 cooperatives 
housed under the U.S. Department of Agriculture 
[USDA]); oiic research organization (Electric Power 
Research Institute); and three Federal agencies (includ- 

ing IJSFWS. the Bonne\illc Power Administration. and 
the Western Area Power Administration) ( L .  Suazo. 
IJSFWS, pcrs. conini.; R. Loughcry. Edison Elixtric 
Institute. pers. comm.; wTvw.APLIC'.org). To be a inore 
effective ami of the owrall industq. APLIC' still nccds 
to recruit additional utility nicmbcrship. Ilowcvcr. 
many of the cooperati\ es arc sinall companies. and the 
S5.000 APLIC initiation fee and S7.500 annual dues 
are vic\.\-ed by many as better spent on mitigation or for 
other purposes. 

NREC'A -- somewhat like APLIC' - is the not-for-profit 
national sen icc  organization representing most of the 
IJSDA cooperatives \vhich provide electricity to iiiorc 
than 30 million consutiicr-owners primarily in sparsely 
population niral areas in 46 states. NREC'A published ;i 
definitive inanual for their industry. Animal C.'aused 
Outages (Southern Engineering C'ompany 1 YY6). ivhich 
addresses wire configurations and situations unique to 
this segnient of the industry. APLIC' and NREC'A are 
\corking to intcgratc guidance in Suggested Practices 
for Raptor Protection on Power Lines (APLIC' 1996) 
that confbrms to both types of utility structures and 
neds. USDA cooperatives, for cxaniplc. now must 
construct distribution lincs using non-conducting 
wooden braces and cro inns. and install ground wires 
that arc raptor sat?. 

Prior to 1099. only two tines had been levied by law 
cnforccoicnt agents against electric utility coiripanics 
for electrocuting birds protected under the M igratory 
Bird Treaty Act (MBTA; 16 lJ.S.C'. 703-712) and the 
Bald and Golden Eagle Protection Act (BGEPA; I6 
I1.S.C'. 668-668C'). one i n  I993 and the other in 199X. 
MBTA is a strict liability statute; the killing of any 
protected migratory bird is not technically alloucd uii- 
der law unless a pcrtiiit is obtained. and the Senice  
does not issue "incidental or accidental take" permits. 
The landscape changcd in August I 999 with the Dis- 
trict C.'ourt's decision against the Moon Like Electric 
Association in wcstcm Colorado and easteni Utah. 
Beginning i n  1997. agents of the Scnicc's Of'fiec of 
Law Enforccnicnt (LE) in the West investigated bird 
mortalities from electrocutions and strikes. and found 
to their dismay that the statistics ri\xlcd those from tlic 
1970s. As a rcsult of this investigation. the Dcpiirtmcnt 
of Justice prevailed in its first criminal prosecution of a 
utility under BCiEPA and MBTA. Moon Lake pleaded 
guilty. and agreed to pay S IO0,OOO in fines and rcstitu- 
tion. serve 3 year's probation. sign a iiieinormdiirii of 
understanding (MOU) \vith the Senice. implenient an 
avian protection plan. and retrofit poles that wcrc kill- 
ing raptors. The inessagc \\.as a powerfill otic. sending 
shock wavcs through the electric utility. wind gcnera- 
tion. and conitiiunication tower industries. I n  addition 
to tines as  high as  SSOO.000. company officers could be 
convicted of felonies, lose their right to wtc,  pay pcr- 
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IS  high as S2S0.000. and be jailed for up t o  
two years (U'illianis WOO) 

Following release of the Moon Lake MOlJ. LE was 
inundatcd with requests for other MOiJs. I n  2002. a n  
historic MOU was signed \\ith Xccl Energy and the 
USFWS Denver. Colofi~do. Regional Office i n  concur- 
rence with the Department of Justice. The proactivc 
agreement presently eo\ ers ('olorado and Wyoming 
Tlic lJSFWS IS currently finalizing the template for a n  
avian protections plan (APP) \\ ith APLIC' These 
voluntary. proactitc agreciiients w i l l  call for the dcvel- 
opnient of comprelicnsi\ c APPs which arc intended to 
reduce electrocutions and bird strikes by participating 
companics. 

Looking specifically at the problem of electrocutions. 
eagles are the most commonly reported electrocuted 
birds. Cioldcn Eagles reported 1.3 times inorc 
frequently than Bald Eagles (Huliueetzts leuco- 
cephu1zi.s) by Ilarnws (1997) in the West. with 
jii\ cnilcs more frequently reported killed than adults. 
Red-tailed Hawks (Buteo jutnuicensis) and Great I lorn- 
cd Ow Is  (Bziho virginianus) ncrc  the mod cornmoiily 

nd owl species by Harncss ( 1997) arid 
Flarness and Wilson (2001 ). Poner outages can result 
in  daniaged quipiiicnt. safety problems. bnish and for- 
est fires. and loss of sen ice to customers. Nation\\ idc. 
animals arc the third leading identifiable cause of all  
power outages, with birds causing more outages than 
any otlicr animal (Soutlicrn Engineering Company 
1996). Of 4.300 eagle inortalitics in \  cstigatcd by the 
Department of Interior from the early I96Os to 1995. 
electrocution was rcqortcd as the second greatest ca~isc 
of mortality to Golden Eagles and the third greatest 
CBLISC to Bald Eagles (LaRoc et al. 1995). Electrocution 
IS nou rated the fourth leading caiise ofdeath for Bald 
Eag lcs , fo Ilow ing acc ideri t ill trauma. po i son ing, and 
shooting (Lcliinan 1001 ). 

Where \egctation IS IOU and terrain IS tlat, power poles 
are particularly attractive to raptors i n  the West since 
they pro\ idc structures froiii which to Iiunt and roost 
(Boekcr 1972. Bcnson 198 1 ). Eagles and buteos (soar- 
ing hauks)  actn cly such out poles. especially \\here 
prey is abundant and few other perches exist. incrcas- 
ing their range of \ ision. allowing greater attack spccd 
when hunting, and ad\crtisiiig territorial ownership 
(Olcndorff et al. 19x1. C'olson rind Associates 1995) It 
u as comiiionly belie\ cd i n  tlic 1980s that a cry sinall 
percentage of distribution poles was achially elcctro- 
cuting raptors. These u ere designated as "prcfi-rrcd 
poles." situated in good habitat or near high prey coii- 
centrations (Olcndortf ct al. 1981 ). Nelson and Nelson 
( 1976) even estimated that 95 percent of electrocutions 
could be prcicntcd by IiiodiQirig 2 percent of the 
poles. Con\ cntional u d o n i  iiidicatcs that these assess- 
ments \\ ere probably unrealistic due. in part. to lack of 

a nationwide roporting system and systcinatic natioi 
\vide shidics. and obscnational ruid data-collcctio 
biases (Lclinian 100 1 ). 

Twelve North American raptor spccics arc knoivn ncs 
ers on utility stnicturcs. I n  the East. Osprcy (Pundio 
halicretiis) is froquently seen nesting 011 po\vcr poli 
(Blue 1996). Due to lack of staff and funding. vcry li 
tlc of tho U.S. power grid is assessed if even infrl 
qiiently ~ for bird electrocutions. The estiniatcs of tci- 
of thousands to hundreds of thousands or niore birc 
killed each year are only vcry rough approsiiiiatior 
based on vcry limited data. True mortality could 17 
much higher. Rcccnt information suggests that rapt( 
electrocutions may be under-reported. possibly largc 
by s c \~ ra l  orders of magnitude (Lchrnan 2001 ). 

Mitigation iiieasures can vary in  cost. depending o 
whethcr or not they arc required fbr new constructio 
or arc retrofitted. Sufficicnt pliasc-to-phase and phasc 
to-ground wire spacing is critical for largc-win(~e D 

birds. This can be costly if \vires have to be  re-stnin 
for wider separation. Three-phase transfomws c;~n t 
especially deadly where bare ciicrgizcd juniper wiri 
connect transforiiicrs. protective cutouts, and surge ai 
resters. Tlicsc can be deadly to small and largc raptoi 
(Negro and Fcrrer 1995). Jumper wires on all clcctric; 
cquipiiicnt should be insulated. including at  tap an 
dead-end locations. Esisting transfornicrs can be rctrc 
fitted by replacing bare wire with either 600 v insulate 
juinpcrs or by sliding insulating material over bai 
junipers: new juiiipers should contain 600 v insulatc 
junipers :~nd be insulntcd with bushing covers (Hanie: 

and Wilson 200 I ). Specifications ai 
provided by APLIC' ( 1996) and Southern Eiigincerin 
C'ompany ( I996). With the use of cost-effective ne\v ( 
rcplacciiient steel distribution poles steel has bee 
used on transmission towers for years we scc a ne' 
electrocution challenge. The initigation nieasurcs use 
on \voodcn poles arc not cf'fcctivc on metal ones. In 
European study. insulating cross-arni braces on stcc 
distribution poles provcd most effective. \vhile pcrc 
guards were less effective (Janss and Fcrrcr I999 
Harncss and Wilson (2001) call for more research t 
attempt to qualify the relationships between raptc 
electrocutions and different types of electrical powc 
stnicturcs. Tlic Service strongly agrees. 

Power Line Collisions 

Birds of :I much greater variety strike power transmi: 
sion and distribution lines. C'oucs ( 1 X76) \vas the fir 
to report over 100 dead birds. mostly Iforncd Larb 
(Ewmopkiku ulpestris). along a 4.8-kin (3-mi) scctio 
of tclcgraph line. and even witnessed the deaths ( 

three birds. C'olicn ( 1896) reported 14 Red Plialaropi 
(Phalar-opus jiilicariu) and a Ruddy Duck (Oxvur 
jumuicensis) \ crified by necropsies a s  tclcgrapli wii 

USDA4 Forest Seiwce Gen. Tech Rep. PSW-GTR-191. 200.5 

1054 



Page 5 of the PDF 



kills. Emerson ( 1904) reported shorebirds and r i  Black 
Ra i I (Lufrrulfzrs jumuicwisis) co 11 i di ng with electrical 
\vires over a salt niarsh and evaporation ponds -- rcprc- 
scnting tlic first reported power line strikes. Large, less 
inaneuvcrablc birds arc tnorc vulnerable to collisions 
with power lines. including Great Blue Herons (Ardeu 
herotlius). cranes (Gnrs spp.), swans (Cygnzrs spp,). 
and pelicans (Pelicanus spp.; lluckabcc 1993). Line 
collisions resulted in 36 percent of the known niortality 
to fledged (ircater Sandhill Cranes (G. cunudensis rub- 
idrr) in the Rocky Mountains (Drcaien 1973). 44 per- 
cent niortality of fledged Trutnpctcr Swans ( C': buc~-in- 
utor) in Wyoming (Lockmati 1988). and 30 percent of 
the know mortality of endangered fledged Whooping 
Cranes in the Rocky Mountains (Lewis 1993). In a 
study near wetlands in North Dakota. Faancs ( 1987) 
found that waterbirds (based on 46 percent documented 
mortality), waterfowl (26 percent). shorcbirrls ( 8  pcr- 
cent). and passerines (S  percent) were most viihicrablc 
to strikes with transmission lines. I n  habitats away 
froin wetlands. raptors atid passerines appcnr to be 
most susceptible to collisions n i t h  power lines. Collis- 
ions from tnany othcr species have also been reported 
(Erickson et al. 200  I ). 

On Kaua'i. tiawaiian Islands. studies by Podolsky et al. 
( 1998) :ind Ainlcy et ai .  (2001 ) docunicntcd rather 
iiniquc lighting and power line impacts to Newell's 
Shearwaters (Pi!~finu.s uuricduris newcdli). During the 
first nocturnal flights of fledglings fioni nests to the 
ocean. ;i high percentage ( 2 2  to > I O  percent) of flcdg- 
lings were reported blinded by man-made lighting. 
disoriented. and killed nhilc colliding \vitli lights. 
utility poles. wires. buildings. and automobiles ( Aitilcy 
et at. 7001 ). ('ontrary to rccommenrfatioris by APLIC'. 
wide spacing of power transmission lines appeared to 
incrcrisc collisions of siininier nesting mison adults and 
subadults during their nocturnal arid crepuscular flights 
to and from bird colonies (Podolsky et al.  1998). I t  was 
hypothesized that the \vide spacing increascxt the inci- 
dence of collisions as birds attempted to avoid hitting 
oiic line. only to hit another. I n  cxperinicntal areas. 
light shielding was shown to reduce attraction by as 
niitcli as  40 percent while reducing light intensity also 
lo\vercd deaths significantly (Ainlcy ct 01. 2001 ). Bury- 
ing power lines \vas also rcconmiendcd for particular 
hot spots. 

Estitiiatcs of tiiortality from avian collisions with pow- 
er lincs have varied ccinsidcrably and have frequently 
been based on extrapolations. Faanes ( 19x7) estimated 
I24 avian fataliticslkmiyr (200 fata1itics;tni~yr) near 
prairie wetlands and lakes in North Dakota. Koops 
(1987) cxatnincd 4.666 kin (3.900 mi) of bulk trans- 
mission line in the Netherlands. estimating 0.75 - 1 
million birds killed thcrc per year. U.S. mortrility could 
range froin hundreds of thousands up to perhaps 175 
million birds per year, based on extrapolations by 

Erickson et al.  (200  I )  and Koops ( 19x7). Very little of 
the power grid. ho\vcvcr. is currently beirig cxamincd 
so thcsc cstirnatcs arc not particularly nicaningfitl. 

I n  an attempt to  cc~iiiprelicnsivcly address the collision 
problem. APLlC ( 1994) pro\-idcd \,oluntary guidance 
to the industry on avoiding power line strikes. I i c  doc- 
iinicnt will be updated once research being conducted 
by the Electric Polvcr Research Institute and others at 
the Audubon National Wildlife Refuge. North Dakota, 
is complctcd. and results of tests on a Bird Strike Indi- 
cator and Bird Activity Monitor can be published. 
Other research tindings will also likely be included. 
For cxamplc. marker balls. bird divcrtcrs. and paint 
have been shown to reduce collisions, sometimes 
signifcantly. Strikes were reduced by 53 percent at a 
South C'arolina transmission line outfitted kvitli ycllo\v 
niarkcr balls (Savereno et al. 19%). In southwestern 
('olorado. polyvinyl chloricic plastic dampers rcduccul 
collisions of cranes and waterfowl by 61 percent whilc 

square plates reduced niortality to the 
sanic species by 63 pcrccnt (Brown and Drcwicn 
1995). 

Communication Tower Collisions and 
Related Problems 

C'om mu t i  icat io t i  towers. \vlict licr monopole cel l i t  I ar 
telephone. or tall. lattice structured digital television 
(DTV) antennas. iirc an increasingly fiimiliar sight in 
ncighborhoorls. near Iiighivays. and along ridge tops. 
For at least the past 6 years. the number of communi- 
cation t o w r s  (including but not necessarily limited to 
radio. television, cellular, micro\va\-c. emergency 
broadcast, national defense. paging. and rclatcd) con- 
structed across the landscape has been growing at an 
csponcntial rate. Based on the Ju ly  2002 statistics from 
the Federal ('oiiiiiiunicatioti C'onitnissioii's (FC'C') An- 
tenna Stntcturc Registry Database (FC'(' 7002). iiiore 
than 138.000 to\vcrs were listed \vith the Coniinission - 

of wliicli sonic 106.000 were lighted. Revised pub- 
lished statistics (FCC 2003) may have indicated some 
double-counting of the 1002 numbers. since nearly 
93,000 towers were reported registered in June 2003. 
Due to itti under-reporting to the FC'C' of-up to some 3S  
percent. the actual number of existing towers is likely 
higher (Manville 2001b). 

While this is positive t u v s  for the communicatiuns 
industry, it is decidedly problematic for migrating 
birds. Towers today pose a likely significant impact on 
migratory birds. especially sonic 350 species of passcr- 
incs. The earliest known report of a bird-tocvcr kill in 
the llnitcd States took plncc in September 1948 a t  a 
137-in (450-ft) radio tower in Baltimore. Maryland. al- 
though no details about the incident \vcrc a\ailablc 
(Arotioff 1949). The first long-term study of the impact 
ofa  television tower on birds was begun in 1955 by the 

USDA Forest Seivice Geii. Tech. Rep. PSW-GTR-191. 7005 

1055 



1 



a 1 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

IO. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

0 21. 

22 

OUTSTANDING ARIZONA WATERS (OAWs) 
A.A.C. R18-11-112(G) 

West Fork of the Little Colorado River, from its headwaters at 33"55'02"/109"33'30" to Government 
Springs at 33"59'33"/109"27'54" (approximately 9.1 river miles); 

Oak Creek, from its headwaters at 35"01'30"/11 l"44'12" to its confluence with the Verde River at 
34"40'41"/111"56'30 (approximately 50.3 river miles); 

West Fork of Oak Creek, from its headwaters at 35"02'44"/111"54'48" to its confluence with Oak 
Creek at 34"59'14"/111"44'46" (approximately 15.8 river miles); 

PeeDles Canvon Creek, from its headwaters at 34"23'57"/113"19'45" to its confluence with the Santa 
Maria River at 34"20'36"/113"15'12" (approximately 8.1 river miles); 

Burro Creek, from its headwaters at 34"52'46.5"/113"05'13.5' to its confluence with Boulder Creek at 
34"374.5"/113"18'36" (approximately 29.5 miles); 

Francis Creek, from its headwaters at 34"54'38"/113"20'30" to its confluence with Burro Creek at 
34"44'29"/113"14'37" (approximately 22.9 river miles); 

Bonita Creek, from its boundary of the San Carlos Indian Reservation at 33"03'08"/109"33'41" to its 
confluence with the Gila River at 32"53'36"/109"28'43" (approximately 14.7 river miles); 

Cieneaa Creek, from its confluence with Gardner Canyon and Spring Water Canyon at 
31 "47'38.5"/110"35'21 .S' to the USGS gaging station at 32"02'09"/1 IO"40'34" (approximately 28.3 
river miles); 

Aravaipa Creek, from its confluence with Stowe Gulch at 32'52'1 0"/1 IO"22'03" to the downstream 
boundary of the Aravaipa Canyon Wilderness Area at 32"54'23"/11 O"33'42" (approximately 15.5 river 
miles); 
Cave Creek, from its headwaters at 31 "50'30"/109"17'04.5" to the Coronado National Forest 
boundary at 31 "54'38"/109"08'40" (approximately 10.4 river miles); 

South Fork of Cave Creek, from its headwaters at 31"50'20"/109"16'33" to its confluence with Cave 
Creek at 31 "53'04"/109"10'30" (approximately 8.6 river miles); 

Buehman Canvon Creek, from its headwaters at 32"52'0.5"/110"39'54.5" to its confluence with 
unnamed tributary at 32"24'31.5"/1 IO"32'08" (approximately 9.8 river miles); 

Lee Vallev Creek, from its headwaters at 33"55'49"/109"31'34" to its confluence with Lee Valley 
Reservoir at 33"56'28"/109"30'15.5" (approximately 1.6 river miles); 

Bear Wallow Creek, from its headwaters at 33"35'54"/109"26'54.5" to the boundary of the San Carlos 
Indian Reservation at 33"37'52"/109"29'44" (approximately 4.25 river miles); 

North Fork of Bear Wallow Creek, from its headwaters at 33"34'47.5"/109"21'59.5" to its confluence 
with Bear Wallow Creek at 33"35'54"/109"26'54.5" (approximately 3.8 river miles); 

South Fork of Bear Wallow Creek, from its headwaters at 33"34'38.5"/109"23'58" to its confluence 
with Bear Wallow Creek at 33"35'54"/109"26'54.5" (approximately 3.8 river miles); 

Snake Creek, from its headwaters at 33"37'21.5'/109"26'11" to its confluence with the Black River at 
33"40'31.5"/109"28'58.5" (approximately 6.2 river miles); 

Hav Creek, from its headwaters at 33"51'00"/109"28'48" to its confluence with the West Fork of the 
Black River at 33"48'30'/109"25'19" (approximately 5.5 river miles); 

Stinkv Creek, from the White Mountain Apache Indian Reservation boundary at 
33"52'36.5"/109"29'45" to its confluence with the West Fork of the Black River at 
33"51'21.5"/109"27'09.5" (approximately 3.0 river miles); 

KP Creek, from its headwaters at 33"34'03"/109"21'19" to its confluence with the Blue River at 
33"31'44"/109"12'04.5" (approximately 12.7 river miles); 

Davidson Canvon, from the unnamed spring at 31 "59'00"/110"38'46" to its confluence with Cienega 
Creek; and 

Fossil Creek, from its headwaters at the confluence of Sandrock and Calf Pen Canyons above Fossil 
Springs at 34"26'48.7"/111"32'25" to its confluence with the Verde River at 34'1 8'21.8"/111"40'31.6" 
(approximately 17.2 river miles). 
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Executive Summary 

Habitat loss axid fragmentation are the leading tlueats to biodiversity. both globally and in Arizona. Tliese 
threats caii be mitigated by conseiTing well-connected networks of la rge wildland areas wliere nahual 
ecological and evolutioiiaiy processes operate over large spatial aiid teiiiporal scales. Large rvildlaiid 
blocks coiuiected by conidors caii iiiaiiitaiii top-dow regnlation by large predators. natural patteiiis of 
gene flow, pollinatioii, dispersal. enel-gy flow. nutrient cycling. inter-specific competition. a i d  ninhialisiii. 
Corridors allow ecosysteiiis to recover fioiii natural disturbances such as fire or flood. and to respond to 
liunian-caused distizbance such as cliiiiate cliaiige aiid invasions by exotic species. 

Arizona is foinuiate to have vast coiiseived wildlands tliat are fiuidanieiitally one intercoiuiected 
ecological system. In this report. we use a scientific approach to design a coiridor (Lukage Desigi) tliar 
will conserve and eidiaiice wildlife movement between thee large wildland adlninistered by the U.S. 
Forest Sen-ice aiid the Bnreau of Land Management in sontheastern .kizona. Interstate IO. other 
higli\vays. iu’ban developnieiir. and apiculture theaten to impede aiiiiiial iiioveiiieiit between tlie Galiuro 
and Piiialeiio Mountains. and behveen the Piiialeiio Mountains aiid the Dos Cabezas-Chii-icaliiia 
Mowitailis. Tliese xvildlands represellt a large public iiivestnient iii biological diversiq. aiid tliis Liikage 
Desigii is a reasonable science-based approach to niaintain the value of that iiivestiiieiit. 

To begin the process of desigiiiiig tlis liikap. we asked academic scientists, apeiicy biologists. and 
consenation orgaiiizatioiis to identi@ species sensitive to liabitat loss and fiapiientatioii. They identified 
18 focal species. incliidiiig 2 ainphibians, 2 reptiles. 2 birds, aiid 12 maiiuiials (Table 1) .  These focal 
species cover a broad mange of habitat aiid ino\-eiiieiit requirements. Some I-equire huge tracts of land to 
siipport viable populations (e+. iiiomitaui lion. jaguar). Soiiie species are habitat specialists (e.g. 
proiiglioni). and others are reluctant or tuiable to cross bairiers such as freeways (e.?. nnile deer). Some 
species are rare and:nr endangered while otllers l h  javelina are conuiioii but still need gene flow aiiioiig 
popiilations. All the focal species are part of tlie iianual heritage of this mosaic of Apache Highlands and 
Soiioraii Desert. Together. tliese 18 species cover a wide airay of liabitats and iiioveiiieiit needs in the 
region. so that tlie liikage desigi slionld cove1 coiuiectiviv weds for other species as well. 

To identifj. poteiitial routes between existing protected areas we used GIs methods to identie a 
biologically best coiridor for each focal species to iiiove between tliese wildlalid blocks. We also analyzed 
the size and confipuarion of suitable habitat patches to veiif‘): that the filial Lillliage Desigi (Figme 1. 
Figwe 2 )  provides live-in or niove-rluongh habitat for each focal species. Tlie resulting- Liikage Desipii 
(Figure 1 ) is conq~osed of two iiiaiii liilkages: tlie Pinaleios-Galiuro Linkage has two strands iiuuiing 
30-50 kin, and the Pinaleios-Dos Cabezas Linkage has thee s t rads  35-55 hii iii leiigtli. The 5 straiids 
together provide habitat for iiioveiiieiit and reproduction of wildlife between the Puialeiio Mountains and 
tlie Galiiu-os Mountains to tlie east aiid the Cliii-icaliua Mountains to the sontli. The Liikage Desigii also 
llicltides recoiiniieiidatioiis to iiiiiiiiilize the risk that piiblicly o\viied roads isolate 1-eptile arid aiiipliibiaii 
populations conserved on piivate lands iii Snlplim Springs \-alley (Figure 2 ) .  We x-isited priority areas in 
tlie field to identi& and evaluate bail-iers to wildlife mol-emeiit. and we prox-ide detailed miti+itions for 
bairiers to aiiiiiial iiioveiiieiit in the sectioii titled Lii7hgt. Desip  mid Recoitiriieiidulioris. 

Tliis region provides significant ecological. educational. recreatioiial. aiid spiritual values of protected 
wildlands. Oiz Litkage Desigii represents an opportiuiity to protect a functional laiidscape-level 
coiuiection. The cost of iiiipleiiientiiip tliis vision will be substantial-but reasonable in relation to the 
benefits and tlie existing public iiivestiiients in protected wild habitat. If iniplemeiited. our plan would not 
oiily pemit nioveiiient of iiidivicliials and genes between tlie Galiuro. Piiialeiio. aiid Dos Cabezas 
wildland blocks. but sliould also coiisei~e large-scale ecosysteiii processes that are esseiitial to the 
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continued integrity of existing conservation investments by the US Forest Service, Arizona State Parks, 
Bureau of Land Management, Arizona Game and Fish Department. U.S. Fish and Wildlife Service, and 
other conseivancy lands. 

0 
Next Steps: This Linkage Design Plan is a science-based startixig point for conservation actions The p h  
can be used as a resource for regional land inanagers to understand their critical role in sustaining 
biodiversity and ecosystem processes. Relevant aspects of this plan can be folded into management plans 
of agencies managing public lands. Transportation agencies can use the plan to design new projects and 
find opportunities to upgrade existing structures. Regulatory agencies can use this mfonilation to help 
infonn decisions regarding impacts on streams and other habitats. This report can also help motivate and 
infoiin construction of wildlife crossings, watershed planning, habitat restoration, conservation 
easements, zoning, and land acquisition. Implementing this plan will take decades, and collaboratio 
among county planners, land management agencies, resource management agencies, land conservanqies, 
and private landowners. 

Public education and outreach is vital to the success of this effort -both to change land use activiti 
threaten wildlife movement and to generate appreciation for the importance of the corridor. Public 
education can encourage residents at the urban-wildland interface to become actwe stewards of the 
and to generate a sense of place and ownership for local habitats and processes. Such voluntaiy 
cooperation is essential to preserving linkage function. The biological infoi-mation. maps. figures, tables. 
and photographs in this plan are ready materials for mterpretive programs. 

iJ 

Ultimately the fate of the plants and animals living on these lands will be determined by the size and 
distribution of protected lands and surronnding development and human activities. We hope t h s  linkage 
conservation plan will be used to protect an interconnected system of natural space where our native 
biodiversity can thrive, at lninitnal cost to other l i m n  endeavors. 

Table 1: Focal species selected for Galinro - Pinnlelos - Dos Cabezas Linkage 0 

0 

*Badger 
*Black Bear 
Black-tailed Prairie Dog 
*Bobcat 
*Jaguar 
*Javelina 
*Kit Fox 
*Mountain Lion 
*Mule Deer 
*Pronghorn 

Plains Leopard Frog 
Texas Homed Lvard 
Chiricahua Leopard Frog 

Saudhill Crane 

I *Wolf I 
* Species modeled in this report. The other species were not modeled because there were insufficient data to 
quantify habitat use iu tenns of available GIS data (e.g., species that select small rocks), becaiise the species does 
not occur rn both wildlaud blocks. or because the species probably can travel (e.g.. by flying) across unsuitable 
habitat. Althougb we did not develop corridor models for ornate box turtleor plains leopard frog. we made spa id  
recommendations for roads in Sulphur Spriugs Valley to promote counectivity for these species. 

A n z O M  MlSSw LElhgeS 6 NORTHERN 
Gaburo - Pmal& - Dos Cabems Lmkage Desrgn 



Page 9 of the PDF Map Figure 1 

Figure 1: The GaMur+Pmrlelo Linkage Design cont.ins two main strands, and the Piaale604hs Cabezrs 
Linkage Dcsign conadns three main strands. Multiple strands serve speaes with diverse habitat needs. The 
Lmkage Design abo calls €or s m d  culverts on roads in Sulphur Springs Valley (Figure 2). 
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Ecological Significance of the Galiuro-Pinaleiio-Dos Cabezas Linkage 0 
Tlie Galiuiro-Piiialeiio-Dos Cabezas liilkage plaiuiiiig area lies witliin Madreaii .hchipelago of 
soutlieasteiii .kizoiia. Tliis ecoregioii is a unique ecological zoiie lyiiig south of the Rocky Mouiitaiiis aiid 
iioitli oftlie Sieii-a Madre Occidental. Nahiral coiiuiiiuiities here raiige fioiii desert grasslands in tlie 
lowlaiids to coniferous forests iii tlie higher elevations. Tlie isolated moiiiitaiii raiiges separated by valleys 
are hiowii as “sky islands.” Tlie liilkage plaiuiiiig area includes three of tliese sky islands. separated by 
valleys, famllaiids. Iiiglnvays. Interstate 10. and tlie town of Willcox. 

Tlie Galiuro wildland block consists of 152.778 protected acres of steep. rugged terrain achiiiiiistered 
mostly by the Coroiiado Natioiial Forest. with sigiiificaiit lioldhigs by The Nahue Conseimiicy aiid BLM 
in tlie southem Galiwo Mountains. This wildland block includes tlie Winchester Mountains, also 
iiiaiiaged by Coroiiado National Forest. Two wilderness areas (Figure -I) OCCIU- here: tlie 73.3 17-acre 
Ga1iiu.o Wildeiiiess area iii the Coroiiado National Forest. which reaches over 7.600 feet at Bassett Peak. 
aiid the coiitiguous 6.600-acre Rediield Canyon Wilderness iiiaiiaged by the Bmeau of Laiid 
Maiiagenient . 

The Pinaleiio wildland block consists of 198.143 protected acres of steep rocky slopes aiid lugged 
canyons. With elevations tip to 10.700 feet 0x1 Mt Graham. tliis larid supports coniferous forests aiid tlie 
eiidaiigered Mt Cnaliaiii Red Squiii-el. as well as oak aiid pine-oak forests aiid woodlands. aiid seiiii-desert 
grasslands. 

Tlie Dos Cabezas wildland block includes 215.900 acres in the BLM-adiiiiiiistered Dos Cabezas 
Moiiiitaiiis aiid tlie adjacent Cliiricaliiia Mouiitaiiis which mostly within the Coroiiado National Forest. 
Tliis block coiitaiiis two wildeiiiess areas. tlie 1 1.700-acre Dos Cabezas Mountains Wildeiiiess. a lugged 
area mitli peaks above 7.000 feet. aiid tlie 87.700-acre Cliiricaliua Wildeiiiess with 9.000-ft peaks and an 
extensive trail system. Tlie Foi-t Boivie National Histoiic Site, iiiaiiaged by tlie Watioiial Park Sen-ice. 
protects Apache Pass. wllich links tlie Dos Cabezas Mountains in tlie iioi-tli from the Cliiricaliua 
Mountains to the sotdh. .hiotller National Park miit is tlie Cliiricaliua Natioiial Moiiiuiieiit. 12 .OOO acres 
of desei-t passland and fantastic rock foiiiiarioiis. Tliis area is a unique ecological zoiie where the Sonoraii 
Desei-t transitions to Cliiliualiiian Desei-t aiid tlie soutlieiii Rocky Mountains give way to tlie iioi?lieiii 
Sieiya Madres. It coiitaiiis several springs aiid streaiiis iiiipoi-taiit for wildlife. 

The liilkage plaiuiiiig area is doiiiiiiated by seiiii-desert grasslands aiid desei-t scnib. with Soiioraii deseit 
aiid tlioniscmb vegetation to tlie west aiid Cliiliualiuaii desei-t to the east. There are isolated patches of 
pine-oak moodlands. The broad grasslands of Sulphur Springs \-alley separate the Gailwo Mountains 
fioiii the Piiialeiio Moiiiitaiiis and the Dos Cabezas. Tlie Willcox Playa. a closed lake basin. lies in tlie 
south-central portion of the valley. Tlie Willcos Playa Wildlife .kea protects rouglily 595 acres including 
120 acres of deeded land. 310 acres of laiid pateiited from tlie Bureau of Laiid Manageiiieiit. a 115-acre 
peipetual right-of-way from tlie Aizona State Lalid Depaitiiieiit. aiid a 40-acre doiiatioii from a private 
laiid owner. Tliis playa is iiiipoi-taiit wildlife habitat. especially for waterfowl aiid iiigratoiy birds. It 
attracts over 500 species of birds. including teiis of tlioousands of Saidiill Cranes. arid a siiidar iiuuiiber of 
tourists for an aiiiiiial birding festival. 

The Liilkage Design incorporates aiid coiuiects iiiiportaiit habitat for theateiied or eiidaiigered species 
such as jaguar and Mesicaii Srey wolf. Tlie linkage plaiuiiiig area is also home to far-rangbig iiiaiiuiials 
such as iiiule deer. badger. and iiiomitain lion. These aniiiials inove long distaiices to gaiii access to 
suitable foraging or bi-eediiig sites. aiid mould benefit sigiiifcantly from coiyidors tliat liilk large areas of 
habitat (Tuiiier et al. 1995). Less-iiiobile species such as javeliiia also iieed coiridors to iiiaiiitaiii geiietic 
diversit\: allow populations to sliift their raiige in response to cliiilate change. aiid proiiiote recolonization 
after fire or epideiics. 

0 

Atirona Mtrsmg Lmhaeer 
C ~ I I I I  o ~ Prnnlerio ~ Dos Cnbcas Linkage Dosrgri 
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Threats to Connectivity 
Major potential baixiers iii tlie linkage area iiiclude Interstate 10. habitat degradation. and urban and 
agzicdhu.al developiiieiit . itrillcox se i~es  as the ilialor trade and service center for a$?ricultiu-e aiid toiwisiii 
within Cocliise C'oiuiiv. It is also an iiiipoi-tant cattle center. Hiuiiaii activities iiicludiiig gazing. water 
diversion. iilliiiiig. and fire slippression have altered the natural landscape. Tliese bairiers coiild inhibit 
wildlife iiioveiiieiit between the Galiiu-o. Pinalefio. aiid Dos Cabezas wildlalid blocks. 

Pi-ovidiiig coiuiectivity is paraiiiount in sustaining thk uillqiie area's diverse iiahii-a1 heritage. Recent aiid 
future human activities could sever natural coiiiiectioiis and alter tlie functional iitegriv of this natural 
systeiii. Creating linkages that overcoiiie baixiers to iiioveiiieiit nil1 eiisiire tliat wildlife in all wildland 
blocks aiid tlie poteiitial linkage area will t l u k  tlieie for generatioils to coiiie. 

Anzoiia !vlissmg Lmhaees 
Galrirro - Pinakiio - Do8 Cabeos Linkage Design 

11 NORTHERN 
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Linkage Design & Recommendations 

The Linkage Design' (Figure 1) is composed of two linkages, and a set of recommendations to minimize 
roadkill impacts on reptiles and amphbians conserved on private lands in Sulphur Springs Valley. In this 
section. we describe the Linkage design. and reconmend initigations for bamiers to animal niovement. 
Methods for developing the Linkage Design are described in Appendix A. 

Two Linkages Provide Connectivity Across a Diverse 
Landscape 
The linkage design consists of two linkages, one connecting 
the Galiuro Mountains to the Pinaleiio Mountains, and the 
other connecting the Pinaleiios to the Dos Cabezas 
Mountains. 

The Pinalelos-Galimro Linkage has two strands. Strand A is 
made up of the best biological comdors for black bear, 
bobcat. jaguar, wolf, and mountain lion. About 3 1 ktll long, it 
encompasses much of the Black Hills and spans upper 
Aravaipa Canyon. The landcover in ~s strand is a mixture of 
Scnib-Shrub (42%). Evergreen Forest (42%). and Grassland- 
Herbaceous (13.5%). The rugged terrain has an average slope 
of 26% (Range: 0-85Y0. SD: 7.9). While 48% of the land was 
identified as steep slopes, almost 30% is composed of flat to 
gentle slopes. 

Provide mol-e-through habitat for 
diverse p w p  of species 
Provide live-in habitat for species with 
dispersal distances too short to traverse 
linkage in one lifetime 
Provide adequate area for a 
metapopulation of corridor-dwelling 
species to move through the landscape 
over multiple generations 
Provide a buffer protecting aquatic 
habitats b i n  pollutants 
Buffer against edge effects such as pets. 
lighting. noise, nest predation & 
parasitism. and invasive species 
Allow animals and plants to move in 
response to climate change 

I 
Strand B provides habitat for badger. javelina. kit fox. mule 
deer. and pronghorn. It runs from the Galiuro Mountains across the Ash Creek Black Hills. East of there. 
it forks into 4 branches, each of which is important to different species. The longest branch stretches 
approximately 49 Ian. It is dominated by Grassland-Herbaceow vegetation (73%) and Scrub-Shrub 
(23%). Terrain is mostly gentle With an average slope of 3% (Range: 0-76%, SD: 5.1) and 96% of the 
strand is classified as flat to gentle slopes. 

The Pinaleiios-Dos Cabezas Linkage has three strands. About 36 h long. strand C provides habitat for 
badger and pronghorn. Its landcover is dominated by Grassland-Herbaceous (54%). and Scrub-Shrub 
(43%) vegetation. Average slope is 6% (Range: 0-79%. SD: 7.3) and 88% of the strand is classified as flat 
to gentle slopes. while 10% was classified as steep slopes. 

Strand D provides habitat for black bear. bobcat, jaguar. javelina. wolf. mountain lion. and mule deer. 
This strand is made up of many branches, each of which provides habitat for different species. The 
longest branch stretches approximately 53 h. The dominant landcover types are Evergreen Forest 
(40%). Grassland-Herbaceous (23%). and Scrub-Shrub (36%). The variable topography has an average 
slope of 22% (Range: 0-98%. SD: 19.2). It has roughly as much flat to gentle slopes (41%) as steep 
slopes (40%). 

' The reader will note that the strauds of the W a g e  desip extend well into each wildland block. As explained in 
Appendix A. for modehg purposes we had to redefme the wildland blocks such that the facing edges were parallel 
lines about 15 km apart. I.. . . 

NORTHERN 
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The 35-hi1 Stiaiid E wovides habitat for lut fox aiid is doiiuiiated bv Sciiib-Sluiib (7S00)  aiid Grasslaiid- 

Piii? on-Juiiipei Woodland 

Heibaceous (19°~)  vegetatioii TliiS stiaiid has ail aveiage slope of 6'0 (Range O - 8 S o ~ .  SD 7 9) and 8 7 O 0  
of the stiaiid lias a slope of less tliaii oi equal to 6O o 

-111 1 s  1 e 0 1 0 0  

Special consideration for reptiles and amphibians in Sulphur Valley. Soiiie of the ieptiles aiid 
aiiipliibiaiis pioposed as focal species fiiid iiiost of tlieu habitat m the piivate aiid ASLD laiid 111 5ulphur 
Valley. iatliei tliaii iii the ptibhcly-owned wildlaiid blocks This dishibutioii piecliided coiridoi iiiodeliiig 
(which iequues a cleaily defuied teiiiiuius at each aid) Howevei. to ieduce the iinpact of ioads oii these 
species. we iecoiiuueiid iegilaily-spaced. soft-bottom cdveits 011 paved ioads throughout Sulphui 
Spiiiigs \'alley (Figuie 2) 

Land Ownership, Land Cover, and Topographic Pattern, within the Linkage Design 
The Liiikage Design eiicoiiipasses 165.391acies (66 931 ha) ofwliich 37'0 IS state tiiist laiid. 2 8 O 0  
piivately on7iied. 17'0 iii Coioiiado Natioiial Foiert. aiid ~ O O  iiiaiiaged by the Biueau of Laud 
hlaiiageiiieiit (Figme 5 )  The liiikage desigii siippoits six iianiial vegetatioii coiiuiitiiuties (Figure 6). with 
developed land acconiituig foi less than l o o  of the liilkage desigi Nanual vegetatioii 15 doiuiated by 
desei t Scmb-Sluiib associatioiis aiid Giasslaiid-Herbaceo~is vet -etatioil 

Cieosotrbuih-Wliite Bmsaee Desert Sciuib 
Desei t Ecnib (iiurc) 
hiesquire Upland Eciub 
Paloi eide-hliued C act1 Deseit Sciiib 

Ripairaii Mesquite Bosque 
Wood) Wetland 

Ripaiiaii Woodland a i d  %rubland 

The Liiikage Desigii captuied a iaiige of topogiapluc diversity pioviduig foi the piesent ecological iieeds 
of species. as well as cieatiiig a buffei agaiiist a poteiitial shift in ecological coiiuiiiuiities due to fiitule 
cliiiiate cliaiige Witluii the Liiikage Design 62'0 of the laiid is classified as geiitle slopes. 26 5 '0  is 
classified as steep slopes. with iieaily equal paits caiiyoii bottom (6'0 )oi ndyetop (6°~)(F1pme 7 )  hloie 
laiid ui the liilkage liad 50llt~ieili aspects tliaii iioithem a5pects (Figure 7 )  

12426 19ss 1 i 
4-39 191s 5 3 0 0  

95s 3ss 1 100 
69591 2s2s.4 7 -  900 
(0.9%) 

3 10 219 0 6'0 
288 116 0 300 

Table 2: Approximate land cover in Liukage Design. h e  text for laud cover in each of 

Noii-specific Baireii Lands 

% OF TOTAL LAND COVER CATEGORY ACRES HECTARES AREA 

131 1 53 I 0 100 

Opeii Spacr-Loa Intensit?. Dei eloped 
hledimii-Hi& hitelisit) Dei eloped 

Anzona Wsrmg Ldages  15 NORTHERY 
Galiirro - Piiraleiro - Dos Cabezas Linkage Design 

662 26s 0 - 0 0  

152 61 0 z o o  
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While roads. canals. aiid fences iiiipede aiiiiiial iiioveiiieiit. and the crossing scI’I1chires we recoiiuiiend are 
iiiipoi-tant. we reiniiid tlie reader that crossing stmchires are only pail of tlie overall linkage design. To 
restore aiid iiiaiiitain coiuiectivity behveeii these wildland blocks. it is esseiitial to consider the emiw 
linkage desieii. including coiiseivitig the land 111 the linkage. Indeed. iiivestiiieiit in a crossing stiuctlire 
mould be futile if habitat behvcen the crossing rtiilch~re and either protected block is lost. 

h o n a  Missmg Lmkages 16 NORTHERN 
Galii~io - Priialeito - Dos Caberas Linkqe Desien 
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The goal dthts cultural feswrces ove~ew IS lo use extsbng archaeologd survey and Ute data in 
con~~ncbon with a bilsK predv3we model b evaluate potentnl mpacts on NRHP-ebgibk Te5wrces for 
the proposed Pinal Cwntytrall system and OPFXI space d-n site and swveydata fmn the AZSIE 
database, whlch IS Ute reposhyforaU anhaeokgrcal sutvey and slte data on state pubhc landswere 
rewewed In addlbon, the NRHP datzWse was checked to denbfy hfstom dstncts and NRW’-tisted Htes 
nnthn Pnd County In general, agenaes consider all known SReS to be NRHP-ebglble for plannmg 
pucposes unbl ther actual NRHP elg~bMy has been deternnned, thwefwe, all knarm sites were included 
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also known as Snaketown. is located on the Gib R m  lndtan Reservabon Both the Lo5 Robles 
Archaedoglcal D~stnct and the McClelbn Wash Archaeokgcal Distnct are representatwe of Cbssrc- 
penod Hohokam setttements and conbnue to contribute s g n m t l y  to the understandlng of the 
prehistory of the area 
When conudenng prehistonc a d  hrstonc archaedoglcal sites in the planning process, avoldance IS 
generally conswjered the prudent approach Futwe pro~ects may require a Class 111 cufhrd sunrey to 
determme the presence of NRHPef@bk SRes and propdes 
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UUli tks  and infrastructure 

Wng, cerbfied. and proposed ublw ahgnments were ldentrfied vvlthm the county for 5OOkv. 345kv. 
23Okv, 115kv bansmisson lines, gas ppelmnes, and the Arizona CopxaWm Commtsslon (ACC) 
approved alignment of 5ookv and 2- transinsson knes (see Fgure 7, ublrlres) Ubllty nght-ofways 
were not used as tta~l comdors, unless they ocull+ed along a preestabhshed trad cO(nd0r &in the Pins/ 
County 2005 Tmls plan or other approved pbnnng documents due to homeland searnty concerns 
Future plannmg effbrts should not exclude the use of ubllty COmdMs for bafls where posuMe 
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Regional Trail Conncotions 
As dentdied n the hdcoUnty Tmds plan, 2005 (see Fgure A I ,  in Appenduc A 2005 Rna/ County T& 
P h )  three primary reg#nal bad corndors were dentmed These three uwndots, the Amona Trad, the 
Central Anzona Project (CAP) canal cbmdor, and the Juan Baut~~ta [)e Anza Nabonat Hstonc Trad, are 
descnbed below In addibn, one multimodal corridor was Great Western Trail (Gwr) 
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An open dtcitation of values, ~ssues, and needs for county restdents in rekrence to open space ond 
Wads was conducted The values were based on the premise, If you were to move away from Pinal 
County fortive years, what elemen tsoraspeds of the countywould you like to stay the same7 Mewm, 
issues and needs were socoted under the same p m m ,  except residents were asked, what would you 
change? The folbwmg is a summary of the publrcs' values, ~ssues, and needs 

Val- 

* 
e 
e 
e 

e 

e 
e 

e 
e 
e 

e 
e 

e 

Dark at nght 
Value mountan vlem and open areas 
Foregrwnd vlervs (nonchmered) 
Presenre 
Wildkkcomdols 
Haktat to SUsBin &life 
R4=ian-P-ef-m 
Undisturbed natural areas (no golfcourses) 
Wilderness cherader of ensbng open space 
Nature1 wash uwndots 
Gedoglcalresaurres 
Praximdy to easbng open space areas 
Hlstonc areas 
Natmal hlstonc sates 
Open space m a l o n g  roadways 
Abundant and easy access to trails 
Hllang and equhstnan bads 
close prom* to local equestrian trafk 
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4.1 Introduction 

Three Conceptual Master Pbn Alternatives were developed for the Plan and were based on two general 
premises (1 ) conservation of critical resources including cultural and biological resources, viewsheds, 
physical charactenstic of the land, and major nparian and nver corridors and (2) overall connectivity 
including open space area and trail connecbvity Each conceptual alternative represented varying 
degrees of conservabon and connectivity, wdh an overall relevancy to land ownership The conceptual 
alternatives were developed to present vanable scenanos. ideas, and pros and cons for the stakeholders 
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4.3 Preferred Conceptual Master Plan Alternative 

The majonty of Stakeholder Taskforce Meebng attendees preferred Alternabve C or a combination of 
Alternatrves B and C The Preferred Conceptual Masier Plan Alternative (Figure 11, Preferred Conceptual 
Master P/an AMernative) was developed from the input and comments from the County and stakeholder 
taskforce members received dunng Stakeholder Taskforce Meetings No 2 and No 3 (see Appendix D for ... 

Planning issues and concerns that needed to be addressed in development of the Preferred Conceptual 
Master P/an Alternative included the following ... 

Remove of all trail alignments from the transmission line corndors due to increasing protection of 
these facilities based on homeland secunty concerns ... 

Dunng the Stakeholder Taskforce Meeting No 3, the following proposed Open Space System definltion 
as presented with the Preferred Conceptual Master P/an Alternative for stakeholder comment 

An open space system is a connected system of open space areas that maintain, as its pnmary 
purpose, the ecological health of the regionnandscape and has as its natural consequence, the 
outcome of promoting human and bwlqical health by allowing for passive and active recreabonal 
activities, solitude, natural landscapes, and wildlife movement An open space system conserves 
elements of existing resources such as natural scenic beauty, view corndors, wildlife habitat, 
agncultural resources, and cultural hentage for the beneflt of present and future generations 
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These categones were presented at the public meetings and reflect the communities’ vision, goals, and 
objecbves 

Developed Open Space Areas consist of developed areas that are designated for passive and active park 
and recreahonal activities Developed open space areas should conserve the natural drainage patterns 
and maintain downstream flows Drainageways provide natural stormwater management, areas for 
groundwater recharge, and natural biological movement corridors and can provide valuable natural 
linkages to adjacent areas These developed areas can include parks, traditional park and recreational 
programming, and trails Although developed open space areas could incorporate stormwater storage 
areas, these areas will not be substituted for traditional park development 

Transitional Open Space Areas consist of areas that abut or are adjacent to currently protected or 
planned open space areas such as state and national parks, national monuments, wilderness areas, and 
national forests, and areas identified wlthin the Plan Preserving the edge of these dedicated state and 
national lands will ensure equitable access to all Every effort shall be made to extend the natural 
environment of the protected lands, and to provide a natural integration to surrounding protected 
landscapes Facilities such as parks and stormwater storage areas wlthin transitional open space areas 
allow for public access and the preservatm of view corndors 
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Heritage Open Space Areas are areas that have significant cultural value. They include working 
landscapes such as agricultural and ranching heritage, as well as cultural resources such as historic and 
prehistoric archaeological sites. Heritage areas can also be places of traditional cultural activities such as 
festivals or ceremonial/religious activities. It is important to recognize heritage areas as areas of diverse 
human acbwties that if irresponsibly disrupted could negatively impact social and environmental 
conditions. Careful consideration should be given to identifying hentage areas, as well as a development 
of prudent management approaches. The American Farmland Trust has identified areas within Pinal 
County as strategic prime ranchland at risk, which could be identified as heritage open space areas. 
Other examples could include prehistoric or historic archaeological sites or districts such as the Los 
Robles Archaeological District. 

Conservation Open Space Areas are areas that have a demonstrated and important ecological function. 
Areas that have a high to medium habitat value, which includes substantial vegetation, important natural 
or geologic features, and biological movement corridors, should be preserved in an effort to maintain the 
ecological health of the region. Examples of highqualrty habitat include areas designated as critical 
habitat, and large undisturbed expanses of land, such as mountain ranges, river corridors, perennial 
streams, and open desert areas. Medium-quality habitat may include washes nearer to developed areas, 
where land may be more fragmented but where water and food may be available. 
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6.2 Vision, Goals, and Objectives 

Vision 

Pinal County's Open Space and Trails Master Plan promotes the qualtty of life of the region by providing 
areas of passive and active recreational opportunities, while conserving existing resources, such as 
natural scenic beauty, view comdors, wildlife habitat, agricultural resources designated at risk, and 
cultural heritage for the benefit of present and future generations This Plan will encourage appropnate 
long-range growth planning opportunities, provide for a wide range of recreational activities for residents 
and visitors, preserve the county's rural and natural open space character, and contnbute to the well- 
being of its communities 

6.3 Open Space and Trails Master Plan Elements 

The Final Master Plan (see Figure 13, FmaI Master Plan Map) is based on the county's resource 
opportunities and constraints as identified in Section 2 0, lnventory and Analysrs, and public, stakeholder, 
and County staff input identfled in Section 3 0, Public Particpatron The siting of specfic proposed open 
space areas and trail corridors were identttied based on the suitability of activities, surrounding land use, 
ecological factors. topography, viewsheds, and cultural resources 
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The proposed open space areas are based on protection and connectivity of the following items identified 
during the in-depth analysis of the county's natural and cultural resources discussed in Section 2.0, 
lnventory and Analysis. 

Riparian and Mountainous Areas - Habitat fragmentation throughout Pinal County is a particular obstacle 
to threatened and endangered wildlife and a threat to overall biodiverstty. To reduce the threat caused by 
habitat fragmentation, it is desirable to connect large contiguous areas of open space and allow for 
species mobility through wildlife movement corridors. As identified in Section 2.0, lnventory and Analysis, 
the highest levels of biodiverstty, and the highest quality habitats are found within the riparian and 
mountainous areas of the county. Riparian corridors provide additional water availability and vegetative 
cover for wildlife, and protection of these corridors is of critical concern to overall species mobility. 
Riparian corridors also indicate the greatest concentrations of cultural resources The Gila, San Pedro, 
and Santa Cruz Rivers were identified as the three most important riparian corridors throughout the 
County, and they deserve the highest priority for preservation. In addition, the mountainous areas that 
dominate the eastern portion of the county such as  the Pinal, Superstiion, Black, Dripping Springs, and 
Tortilla Mountains indicate a high level of biodiversity and high habitat values. Other mountainous areas 
such as the Tortolita and Picacho Mountains were also identified as having a high habitat value and a 
high level of biodiversity. 

Pinal County Open Space and Trails Master Pian 
Logan Simpsm Design Inc. 

Master Plan Report 
Page 41 
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f%posed Tmd comdors 
Prowdug equitable access to the county's reswnes through an interconnected mulb-modal tra11 networl 
enwm a vanely of passive and achve r e a e m  oppolbmlbes The foundation of the trail system shorn 
on the F d  Master Pbn Map nzbes on a skeletal frameworfr of three reglonal b a d  unndors The Juar 

de Anza Nabonal Hstonc  Trad, the CAP Canal, and the A n z m  Trail, whtch d p m d e  reglona 
mnnecbvrty throughout Pmal Countyfrm Pwna cocntytothesouth to Manap cwntytothe north arx... 

The blbwmg describes the five proposed regKmal parfrs. as shown on Fgwe 13, F m l  Meslw Plan Map 

0 The regnnal park pmposed abng the east d e  of the aty of Florence plannmg boundary may 

needs of the usem bcated Vnthm the sumndmg munlapahhes 
provlde passw! and acbw recreabonal opportunlbes that wwM he@ to support the Qnnnlng 

pnalcauntyopenSpX%mlTnkhh?&Iptn M & W P l n R e p d t  
Lqian-DeSlpnInc -44 
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The regioml park proposed to the north of Plcacho Peak State Park may p& more 
paswxmmted mrrabonal opportuntbes that would consenre the natural resources located 
withn thts area w h k  altomng mm to expenence the natural enmment 

The regtonal park bcated west of Hghway 79 and east ofthe proposed regronal park near 
PKacho Peak State Park may provide acbve and passnre recreational oppottmhes to suppcitthe 
future needs of dewbpment that may occur in ths area ofthe county 
The regtonal park pmposed on the westem edge of the county was tdenbtied in the Clty of 
Mancopa's Geneal plan, and represents the bred future c o n d i i  for the aty The Plan 
den- addlbonal areas sunam- the proposed reglonal park, and provided addmonal 
connedmty to the Table Top Wddemess area Thts area may develop through coopembon with 
the CN of Mancqm. 
The regmnalpark hated northof Florence Juncbonmayprovldepassnre andacbve recreabmal 
oppoctunrbes thatwould he@ tosupport the gwmg needsofthe mm bcated m the sutmundmg 
annmunlbes and munmpaks 

The fdbmng describes the two exstnglpbmed regmal parks, as shown in Figure 13, Fmd Mas@ 
plan Mw. These areas may contnue to develop through cooperabon WtM Mancopa and Plma 
counties 

The pIanned Tortolib Mountam Park located along the southem edge ofthe county may provde 

The erastng Sa Tan Mountam R e g d  Park p w d e s  p a s s w e e e d  recreakma1 
oppocturubes, to suppoct the gnrmng needs of the expanding urban fnnges of the Phoenu 
Metropo(rtan Area and the an- qrowth ofthe surroundinq comrnunrbes and munmpalhes 

mOrepasuve-onentcd~abonalopporturwbesthatwwM conserwexlsbngnatln.al reMurtes 
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Influencing Land Management Decisions 
While local governments do not have regulatory control over state and federal land management 
agencies, federal land management agencies protect open space on BLM and USFS lands through 
congressional designations of lands, through designations by the Secretaries of Interior (BLM) and 
Agriculture (USFS) and the heads of the agencies, and through approved land management plans 
completed using extensive public involvement processes. It is through these approved land management 
plans that the local governments can have considerable influence over landowners and managers that 
are not subjtct to local government regulation. For example, the Federal Land Management and Policy 
Act that governs the BLM's management of public land, provides for a significant role for local 
governments to influence federal land management policies. In a similar manner, Arizona cities and 
counties may have some input for land management decisions made by the Arizona State Land 
Department as it relates to the desired future land development patterns of their communities. As federal 
and state land management plans are undertaken, local governments should express their preferences 
so that they may be incorporated into the plans. 
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ihesuccessofthe Im-m program strategy Isdependent on the moperabon . andcaordinated 
e m  ofthe County, mumupayhies &n the county, and affeded state and federal agenues n order to 
secure the visroo ofa connected open space system that conserves the natural and c u b 1  resources of 
the county Each ofthe ltems mdlcated in Tabk 4 mli requm support and speaakzed e- from 
county, munmpal, state, and federal agency departments for whlch key respormbbbes have been 
ldentrfied 
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The Ironwood-Picacho region provides significant ecological, educational, recreational. and spiritual 
values of protected wildlands. Our Linkage Design represents an opportunity to protect a functional 
landscape-level connection. The cost of iniplenienting this vision will be substantial-but reasonable i n  
relation to the benefits and the existing public investments i n  protected u-iltl habitat. If implemented. our 
plan would not only permit movenient of individuals and genes between the Ironwood National 
Monument. Picacho Mountains, and desert BLM wildland blocks. but should also conserve large-scale 
ecosystem processes that are essential to the continued integrity of existing consenation investnients by 
the LJS Forest Service. Arizona State Parks. Bureau of Land Management. Arizona Game and Fish 
Department. U.S. Fish and Wildlife Senice, and other conservancy lands. 

Next Steps: This Linkage Design Plan is a science-based starting point for consenration actions. The plan 
can be used as a resource for regional land managers to understand their critical role in sustaining 
biodiversity and ecosystem processes. Relevant aspects of this plan can be folded into management plans 
of agencies managing public lands. Transportation agencies can use the plan to design new projects and 
find opportunities to upgrade existing structures. Regulatory agencies can use this information to help 
inform decisions regarding impacts on streams and other habitats. This report can also help motivate and 
inforni construction of wildlife cro 
easements. zoning. and land acquisition. Implementing this plan will take decades. and collaboration 
among county planners. land managenient agencies. resource management agencies. land conservancies. 
and private landowners. 

ngs. watershed planning. habitat restoration. conservation 

Public education and outreach is vital to the success of this effort - both to change land use activities that 
threaten wildlife movenient and to generate appreciation for the iniportance of the coi-ridor. Public 
education can encourage residents at the urban-wildland interface to become active stewards of the land 
and to generate a sense of place and ownership for local habitats and processes. Such voluntary 
cooperation is essential to preserving linkage function. The biological infoi-niation, maps. figures. tables. 
and photographs i n  this plan are ready materials for interpretive programs. 

Ultimately the fate of the plants and animals living on these lands will be determined by the size and 
distribution of protected lands and surrounding developnient and human activities. We hope this linkage 
conservation plan will be used to protect an interconnected systeni of natural space where our native 
biodiversity can thrive. at minimal cost to other human endeavors. 

Table 1: Focal species selected for the Ironwood-Picacho Linkage. 

MAMMALS 
"Badger 
'+Bighorn Sheep 
'$Bl;rck-tailed Jackrabbit 
"Ja veli ria1 

'+Mule Deer 

AMPHIBIANS & REPTILES 
"Sonoran Desert Toad 
"Black-tailed Rat tlesnake 
Chuckwalla 
Desert Iguana 
"Desert Tortoise 
Lyre Snake 
:+iw)ran Whipsnake 
Tiger Rattlcsriake 
:vTucson Shovel-nosed Snake 

BIRDS 
Cactus Ferruginous Pygmy-Ow I 
Road runner - 
Iroiiuood Tree 
Palo Verde 

INSECTS 
Bee species I Hawkmoth 

* Spec.-., niodeled in this report. The other species were riot modeled because there were insut'ticicnt data to 
qumtify habitat use in ternis of availahlc CIS data (e .g . ,  some snakes that select sm;rll rocks), o r  because the species 
probably can travel ( e . g . .  hy flying)  cross unsuitahle h;ihitiit. 
I During tield work. we found a de;id j ivelina (apparently road-killed) near the eiitrance to it culvert urider I- 10 in 
the potential linkage area. 
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Mountains, and one connecting Ironwood National Monument to the BLM land labeled 
Figure 1: The Linkage DesigN has 2 strands. one connetting the Ironwood National Monument to the 

Plains. 
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Ecological Significance of the Ironwood-Picacho Linkage 
The Ironwood-Picacho-BLM Linkage Planning area lies within the 55-million acre Sonoran Desert 
Ecoregion of southern Arizona, southeastern California, and northwestern Sonora, Mexico. This 
ecoregion is the most tropical of North America’s warm deserts (Marshall et al. 2000). Bajadas sloping 
down from the mountains support forests of ancient saguaro cacti, paloverde, and ironwood, creosotebush 
and bursage desert shrub dominate the lower desert (The Nature Conservancy 2006). The Sonoran Desert 
Ecoregion is home to more than 200 threatened species, and its uniqueness lends to a high proportion of 
endemic plants, fish, and reptiles (Marshall et al. 2000; The Nature Conservancy 2006). More than 500 
species of birds migrate through. breed, or permanently reside in the ecoregion, which are nearly two- 
thirds of all species that occur from northern Mexico to Canada (Marshall et al. 2000). The Sonoran 
Desert Ecoregion’s rich biological diversity prompted Olson and Dinerstein ( 1998) to designate it as one 
of 233 of the earth’s most biologically valuable ecoregions, whose conservation is critical for maintaining 
the earth’s biodiversity. 

Within the Sonoran Desert Ecoregion, the Linkage Planning Area includes three wildland blocks: 
Ironwood National Monument, the Picacho Mountains, and a block of Sonoran desert we call Durham- 
Coronado Plains’. All 3 areas are administered by the Bureau of Land Management (Figure 2). 

The Ironwood Forest National Monument, the southern habitat block, encompasses several desert 
mountain ranges including the Silver Bell, Waterman and Sawtooth Mountains, which extend for 42 km 
(26 mi) (Bureau of Land Management 2005). These mountains support drainage systems such as Los 
Robles Wash. Blanco Wash, Cocio Wash. and the Santa Cruz River. Elevation ranges from 1 .SO0 to 
4,261 feet. providing a geologic and topographic variability that contributes to high biological diversity 
(Bureau of Land Management 2005). 

The BLM land in the Picacho Mountains is one of the northern wildland blocks in the Ironwood-Picacho 
Linkage Planning Area. The Picacho Mountains extend for 20 km ( 12.5 mi) and range in elevation from 
1,725 ft to 4,508 ft at Newman Peak. This mountain range supports the Brady and McClellan Washes, 
and provides important wildlife habitat. Mountain lions have been documented traveling between the 
Picacho Mountains and the Catalina Mountains (K. Nicholson & P. Krausman, University of Arizona, 
personal communication). 

The Durham-Coronado Plain’ is a 20 km ( 12.5 mi) stretch of protected Paloverdemixed cacti desert 
communities. The Durham and Coronado Washes run through this habitat block, which ranges from 
2000-2500 ft elevation This area provides protected Sonoran desert for wildlife and plant species in the 
region. 

The Linkage Planning Area ranges from 1700 feet elevation at the Santa Cruz River valley to 4,508 feet 
at Newman Peak in the Picacho Mountains. Paloverde-mixed cacti desert scrub, semi-desert grassland 
and steppe, and creosotebush-white bursage desert scrub communities dominate the landscape, with large 
areas of agricultural lands along the 1-10 transportation corridor (Figure 3). Riparian m a s  in the Linkage 
Planning Area include the Santa Cruz River, and McClellan. Blanco, and Cocio Washes. 

The varied habitat types in the Linkage Planning Area support many animal species. Species listed as 
threatened or endangered by the U S .  Fish and Wildlife Service include the desert tortoise, bighorn sheep, 
and the cactus ferruginous pygmy-owl (USFWS 2005). The Corridor Design incorporates and connects 
critical habitat needed for these species to achieve viable populations. The Ironwood-Picacho Linkage 
Planning Area is also home to far-ranging mammals such as mule deer, mountain lion, and badger. These 

This block of  BLM land has no formal designation on most maps. We named it after Durham Wash and Coronado 
Wash, which are the 2 main drainages in the area 



Page 15 of the PDF 
animals move long distances to gain access to suitable foraging or breeding sites. and would benefit 
significantly from corridors that link large areas of habitat (Turner et al. 1995). Less-mobile ywcies and 
habitat specialists such as black-tailed jackrabbits. tiger rattlesnakes. and Sonoran desert toads also need 
corridors to maintain genetic diversity. allow popukitions to shift their range in response to climate 
change. and promote recolonization after fire or epidemics. 

Existing Conservation Investments 

The three wildland blocks are comprised of land federally protected by the Bureau of Land Managenmt. 
The southern habitat block consists of Ironwood Forest National Monument. I19.000 protected acres of 
ancient legume and cactus forests (Bureau of Land Management 2 0 0 5 ) .  This monument provides ;in 

outstanding example of the plant and animal diversity of the Sonoran desert (Bureau of Land 
Managenierit 2005). The tiiotiutiieiit's Silver Bell Mountains alone claims more than 674 species. 
including 64 manimals and 57 birds (Bureau of Land Manapement 1005). The Ironwood Forest National 
Monuiiient hosts one of the richest stands of ironwood trees i n  the Sonoran desert. and is home to niany 
federally listed species. including the Nichols turk's head cactus. the lesser long-nosed bat. and the desert 
bighorn sheep (Bureau of Land Managenient 2005: Sierra Club 7006).  

Ad-jacent to the southern habitat block's Ironwood Forest National Monument is ;I proposed conservation 
reserve that ~ ~ ~ i l d  protect 6.485 acres of State Trust land i n  the Sonoran desert (Sonoran Institute 2005). 
This reserve would help to link the Ironwood Forest Nation;il Moniment with the Sa\vtooth Mountains to 
the north. Another proposed conservation reserve known as Sawtooth would add 3.395 x r e s  of protected 
land i n  the southern habitat block's vicinity and encompass a s t d  of mature irona.ood trees not 
protected within the riio~iurneiit's borders (Sonoran Institute 1005). Both of these proposed resenes 
\vould buffer the habitat block froin urban development i n  the Mararia and Tucson areas (Sonoran 
Institute 2005). The Tohono O'odham Nation ulso abuts the Motiument. Although tribal sovereignty 
includes the right to develop reservation land. consenting this linkage gives the tribe the opportunitj to 
maintain a wildlife corridor to the northeast of the reservation. which is now largely i n  a natural 0 condition. 

The northwestern habitat block con\i\t\ ot the Ptcacho Mountain\. 6.400 protected acre\ ou tied Iq the 
Bureau ot Land M:inagemerit Tht\ habitat bloch \hould be expanded by 18.705 xres  through a propowd 
con\ervation re\er\ e protecting \urrounclirig State Trust Land4 i n  the Pic'icho4 (Figure 2:  Sorioran 
In\tltute 200s) 

The Durhmi-C'oronado Plain I \  33.2(H) acres of BLM-protected Sonoran desert that compriw the 
northeastern habitat block i n  the Llnh~ge Planning Area. Thi\ uncle\ eloped tract ot Sonoran desert 
pro\ d e \  d e w t  \pecie\ iefiige from encroaching de\elopment i n  the area 

Picacho Peak State Park. a protected area i n  the Linkage Planning Area separate from the three wildland 
blocks. would both contribute to and benefit from a Lvildlife corridor in this area. This Arizona state park 
consists of 3.500 acres of Sonoran desert. including the iconic landmark of Picncho Peak. rising to 3.382 
feet (Arizona State Parks 2005). The park attracts 60.000 visitors per year. bringing money into the local 
econoiny (Arizona Office of Tourism 200.3 ). Adjacent to this state park is the proposed Picacho Peak 
State Park conservation reserve. which would protect 3.995 acres of additional lands. This cotisenation 
resent would convert State Trust lands for conservation and connecti\:ity between protected lands and 
buffer Picacho Peak State Park from urban development (Figure 1: Sonoran Institute 7005 ). 

Connectiyity betueen these three valuable aid wildland blocks would help to provide the contiguous 
habitat nece\;sary to  sustain viable populations of sensitive and far ranging species i n  the Sonoran Desert 
of southern Arizona. 
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Linkage Design & Recommendations 

The Linkage Design (Figure 4 &: Figure 5 )  is composed of t\vo strands Lvhich together provide habitat for 
iiio~etiietit atid reproduction of wildlife between the Ironwood. Picacho. and desert BLM protected 
wildland blocks. In this section. we describe the land cover and ownership patterns in the linkage design. 
arid recornrilerid rnitigations for barriers to tuiimnl movenient. The methods ttsed to develop the linkage 
design are detailed in Appendixes A through E. 

Two Routes Provide Connectivity Across a Diverse 
Landscape 
The linkage design consists of two di\tinct strand\ which 
cotiriect Irotiwood Forest National Monument to the Picacho 
Mountain4 and the Durham-C'oronado Plain. 

The western strand connects Ironwood Forest National 
Monument arid the Picacho Mountain wildland blocks. It is 
approximately 18 kin ( I I miles) long. and \.arks in width 
from approximately 1 .S  to 8 kni (0.9 - S miles). This strand 
is primarily composed of paloverde-mixed cacti desert scrub 
and creosotebusli-white bursage desert scrub, but illso 
includes riparian woodland. shrubland. and agriculture. This 
linkage provides 1ii;e-iti and pass-through habitat for species 
dependent 011 desert vegetation and/or rugged topography. 
such as desert tortoise. black-tailed rattlesnake. desert 
bighorn sheep. javelina. black-tailed jackrabbit. mule deer, 
and Sonoran whipsnake. Importrint ripari.1 L 11 ilreilS 
encompassed bv this liukage iticlude portions of the Satita 

LINKAGE DESIGN GOALS 

Provide move-through h;ihitat for 
diverse group of species 
Provide live-in habitat for species with 
dispersal distances too short to traverse 
litikage in  one lifetime 
Provide adequate area for H 

inetapopulation of conidor-dwelliiig 
species to move through the landscape 
over multiple geiieritticrns 
Provide ;I bufler protecting aquatic 
habitats from pol 1 u t  ants 
Buffer against edge effects such ;IS pets. 
lighting. noise. liest predation XC 
piirxiitisiii. and invasive species 
Allow animals ;ind plants to move in 
responx to climate change 

Cruz Rner an iLos  Roble; Wash not& of Ironu ood Forest Natlonal Monument. and McClellan Wa4i 
north of Ptcacho Peah State Pilrh. The Central ArlzoIiiI Prolect canal and d smaller Irngatmn catidl both 
pa\\ through ti114 linkage. 

The eastern strand between Ironwood Forest National Monurnent and the BLM-administered Durham- 
Coronado Plain is approximately IS kin (9  miles) long and 2 kni ( 1!4 iiiiles) wide. This corridor crosses 
the Santa Cruz River i111d LOS Robles Wash northeast or Iron\vood. p' s north of Piiial Air Park and 
Saguaro Power plant. and .joins the BLM desert block near Desert Peak. This route is priniarily coinposed 
of creosotebush-white bursage desert scrub and paloverde-mixed cacti desert scrub. but also includes 
riparian woodland and shrubland. This linkage provides live-in and pass-through habitat for species 
dependent on desert vegetation and/or flatter topography. such as Tucson shovel-nosed. badger. black- 
tailed .jackrabbit. javelina. and Sonoran desert toad. The entire corridor is also within proposed critical 
habitat for the Ci~ctus-FerrtIgiIious Pygmy-Owl. 

Land Ownership, Land Cover, and Topographic Patterns within the Linkage Design 
The Linkage Design eiicotiipasses 43.400 acres ( 17.570 ha) of land. and i s  composed of S7% state trust 
land. 22% private land. 12% BLM land. 8% state parks land. and I %  Bureau of Reclamation liltid (Figure 
4). Seven natural vegetation cotnniunities account for 95% of the land cover. barren lands account for 
0.6%. and developed land accounts for approximately 4% of the land in  the Linkage Design (Figure 5. 
Table 2 1. Natural vegetation is dominated by desert scrub-shrub associations. and has a similar 
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Canals can have both positive and negative impacts on desert wildlife. Some species may wse canals as a 
water source, but the steep banks make it impossible or dangerous for most animals to do so. Desert mule 
deer, bighorn sheep, and Sonoran pronghorn have drowned in canals (Rautenstrauch & Krausman 1989). 
Canals serve as significant barriers to movement by preventing species from moving to viable habitat on 
the other side of the canal, drowning species, and rerouting natural movement patterns. 

Canals in the Linkage Design Area 

Two main canals act as barriers to connectivity in the linkage zone (Figure 16). The Central Arizona 
Project's (CAP) Tucson Canal crosses through both strands of the linkage design. The CAP canal is 
approximately I2 meters (39 ft) wide, and is lined with eight-foot fences on both sides to keep large 
animals out. A smaller imgation canal connects to the CAP canal, extending westward through the strand 
of the linkage design connecting Ironwood Forest National Monument to the Picacho Mountains (Figure 
17). This canal parallels Baumgartner Rd. for 9 km (5.6 mi), and is approximately 5 meters (I6 ft) wide. 

There is only one location where wildlife can safely cross the CAP canal in the linkage design. About 1.4 
km of a buried strerch of the CAP canal (out of the total 2.5 km length of the buried section) lies in the 
eastern strand of the linkage design (Figure 16). There are no crossing structures for animala in the 
western strand of the linkage design. 

The only opportunities to cross the smaller irrigation canal are where the canal crosses under dirt roads 
(Figure 18). 

Mitigation for Canals 

To conserve connectivity, we have the following recommendations for all existing and future canals in 
, . -  

this linkage zone: 1$% . '  : '  
0 

I )  Ensure opportunities for wildlife to cross every canal in the linkage area. This dan be 
accomplished by several methods. The most permeable, yet most expensive method is to bury any 
canal within the linkage design below ground. The eastern strand contains a buried section of canal 
that effectively mitigates the effect of the canal in this strand. In the western strand, a significant 
section of the CAP canal should be buried, or crossing structures should be installed. For wide 
canals, such as the CAP, vegetated overpasses should be installed. While no studies have examined 
optimal crossing structures for canals, information can be gleaned from the literature on the 
determinants of success for road mitigation structures. For example, Van Wieren & Worm (2001) 
recommend wildlife overpasses over roads be at least 40-SO m wide for optimal wildlife usage. For 
narrow canals, such as the irrigation canal in the western strand of the linkage design, m affordable 
solution would be to cover the canal with metal plates, and cover these plates with an earthen 
substrate. The existing crossings at dirt roads (Figure 18) are helpful, but lack vegetation needed for 
some wildlife species to find them attractive. To ensure usability by an array of species, the grade of 
the entrance and exit to these crossing structures should provide a gentle approach to the canal. 

2) Install fencing on all areas of the canal which do not have crossing structures. This fencing must 
completely seal the canal in order for it to effectively restrict wildlife use (Rautenstraucp & Krausman 
1989), and be sufficiently high to prevent deer from jumping the fence (Peris & Moraleii 2004). 

3) Provide alternative water sources adjacent to crossing structures (Rautenstrauch & Krausman 
1989). To discourage use of the canals as a water supply by deer and other species, a small amount of 
water should be diverted to water catchments to allow wildlife to drink without risk of drowning. 
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EXCERPT Page 34 of the PDF Figure 16 The remainder of the page is related to deer escape structures. 

Figure 1 6  Canals in the Linkage Design area. The 4 black lines indicate buried sections of the Central 
Arizona Project canal: a 1.3-km stretch on the northwest side of the Picacho Mountains, a 70-m stretch at 
McClellan Wash, a 25-km stretch In the eastern strand of the linkage design, and a 2.5 km stretch under 
Interstate 10. 
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Urban Development as Barriers to Movement 
While not a current major threat in the linkage area. urban and industrial development may becoiiie a 
greater threat in the future. Urban and industrial development, unlike roads. creates barriers to movement 
which cannot easily be removed. restored. or otherwise mitigated. Most large carnivores. small 
mammals, and reptiles cannot occupy these areas for a significant period of time. although several species 
of lizards or sniall mammals inay occasionally occupy residential areas. While mapped urban areas only 
accounted for a marginal amount of the land cover in the linkage design. residential development may 
irlcreilse rapidly in the linkage area in the future. 

Ut-lxrri Btrrriers in tile Liriktrge Desigii Arcu 

While there are no current residential developnients within the Linkage Design. there are several 
industrial developments. South of the Ironwood - desert BLM strand of the linkage, adjacent to I- IO. is 
the Saguaro Power Plant (Figure 21 ). Several large tanks from the power plant are 200 m inside the 
border of this linkage. 

Fig 
1-10 (waypoint 72; azimuth: 38). 

to 

The Pinal Air Park borders the southern end of the Ironwood - desert BLM linkage. approximately 4 kin 
northwest of the Ironwood Forest National Monument boundary (Figure 22). In addition to storing 
aircraft. there is also a I .Z mile racecourse for sports cars at the-Air Park. 

- 

0 
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Mitigcrrinrr ,fiw Ur-Onn Bcrr-r-ic.rs 
To conserve connectivity. we have the following recoiiiinendations for a l l  future urban. residential. and 
industrial developnients in this link a g e zone: 

7 )  
8)  

Encourage conservation easeinents and land acquisition w i t h  willing land owners in the Linkage 
Design to protect important habitat. 
Develop a public education campaign to inform those living and working within the linkage area 
about the local wildlife and the importance of niaintaining ecological connectivity. 
Encourage homeowners to focus outside lighting on their houses only. and never out into the linkage 
area. 
Ensure that all domestic pets are kept indoors or in fenced areas outdoors. 
Reduce vehicle traffic speeds in sensitive locations. 
Discourage the conversion of natural areas within the Linkage Design into residential areas. Where 
development is permitted. encourage sinall building footprints on large (> 10-act-e) parcels. 
Encourage the use of wildlife-friendly fencing. 
Discourage the killing of 'threat' species such as rattlesnakes. 

The next page is Appendix A: Linkage Design Methods 
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EXECUTIVE SUMMARY 

This report and the accompanying Geographic Information System (GIs) datasets summarize the 
results of the workshop held in Florence, Arizona in 2010. At this workshop, stakeholders 
representing a broad range of organizations and interests identified and mapped the locations of 
important wildlife linkages across Pinal County. Participants included biologists, land managers, 
planners, and other professionals from federal. state, tribal, private. and non-governmental 
organizations. The workshop was supported by partnerships between the Arizona Game and Fish 
Department (AGFD) and the Arizona Wildlife Linkages Workgroup. This multi-agency, multi- 
disciplinary effort was undertaken to encourage biologists and non-biologists alike to incorporate 
infonnation about wildlife linkages and strategies for their consemation into transportation 
corridor and pro-ject plannin_g as well as other community projects including land-use decisions. 
The workshops provided a forum for stakeholders to learn more about wildlife connectivity, 
outline the general locations of wildlife linkages on large maps, and provide descriptive 
information about each linkage on datasheets. Participants also identified the locations of barriers 
such as highways and railroads that may interfere with wildlife movement. The hand-drawn 
linkages were then digitized with GIS software and refined following an additional opportunity 
for stakeholder review. The linkages were then further ref-ined to eliminate redundancy for this 
report. 

This report provides background information on the importance and benefits of conseming 
wildlife linkages for both people and wildlife in Pinal County and describes the methods used 
during stakeholder workshops and in developing the accompanying GIS products. It includes a 
series of maps generated from the digitized stakeholder data that depict the general locations of 
wildlife linkages and potential barriers to wildlife nioveinent within Piiial County. The maps are 
followed by tables with descriptive inforination about the habitat areas each linkage connects, the 
species each linkage serves, and known threats and potential consenstion opportunities 
associated with each linkage. The infosmatioii in this sepost sejlects tlie r-iews and expertise of 
+idiShop pai.ticipants and Iikelj* does riot sepsesent an exha1istii.e mappirig of all important 
wildlife linkages acsoss Pinal Coiinr;l*. It should instead be considered an initial assessment of 
wildlife movement patterns to be supplemented in the future by hrther analysis and refinement 
that includes additional expert input, GIs-based linkage modeling, and research studies of 
wildlife movement patterns. 

TI7e maps and GIs data in this report illtistrate appt.oxiniate locations of wildljfe movements on 
the landscape and shoiild be segarded as the stasting poinf.foi-.frii.thei. consliltation x‘itli AGFD 
and othes it?ldlife and land management agencies, psefesablj. diising the ear+. stages ofpsoject 
planning. While the impetus for this report originated from the communitv’s interest in 
promoting environmentally-sensitive transportation projects, this report and associated GIS data 
provide a framework for professionals across a range of disciplines to identify and incorporate 
opportunities for maintaining and enhancing wildlife connectivity within project areas in Pinal 
County . We hope this seport s tim I I la tes detailed pla nn iiig a nd colla bo sa tiiv on - tli e-gsoi I nd 
actions.foi. coiisei7’itig wildl[fe linkages. 

1 
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BACKGROUND 

The abundant sunshine and great natural beauty of Arizona dram large numbers of visitors and 
new residents each year. The state has grown rapidly in recent decades with its human population 
expected to double from almost 6% million in 2010 to approximately 13 million by 2050 
(Arizona Department of Administration 2006, U.S. Census Bureau 201 1). Much of that growth 
will likely be concentrated throughout the “Sun Corridor” connecting Tucson, Phoenix, and areas 
of central Yavapai County, including Pinal County. From 1980 to 2006, 83% of Arizona’s 
population growth occurred in Maricopa, Pinal, and Pima counties (Arizona Department of 
Transportation 20 1 Oa). Pinal County is curreiitly home to a population of nearly 400,000 people, 
which is 109.1 YO more than in 2000, making it the third largest county in Arizona and the second 
fastest-growing county in the US during this period (U.S. Census Bureau 201 1). 

Pinal County is located in central Arizona and much of it is within the Arizona Upland Sonoran 
Desertscrub Subdivision and Lower Colorado River Valley Subdivision; to a lesser extent within 
the Semidesert Grassland, Interior Chaparral, Madrean Evergreen Woodland and Great Basin 
Conifer Woodland (Brown and Lowe 1982). The Nature Conservancy’s Ecoregional Assessment 
(TNC 1995) included Pinal County in the Sonoran Desert and Apache Highlands Ecoregions and 
identitied several coiiservation areas within the county. The Sonoran desert is the wettest of all 
North American deserts with a bimodal rainfall pattern, and when combined with the local basin 
and range physiography and close proximity to higher elevation biomes, it’s not surprising that 
the Sonoraii desert supports high biodiversity and is considered one of the Earth’s most 
biologically-valuable, and most vulnerable, ecoregions 011 a global scale (Olson and Dinerstein 
1998). Within Pinal County. a broad array of vegetation communities supports a high diversity of 
wildlife species-from that commonly occur to species of conservation concern and those listed 
as threatened or endangered under the federal Endangered Species Act. 

In Arizona, surface waters and their extensive system of connected washes play an important 
role for wildlife-both by providing habitat, shelter, food, and water, and by facilitating 
movements on a daily or seasonal basis. Overall, the diversity of wildlife associated with 
Sonoran desert biotic communities and riparian habitats in Arizona are some of the highest in the 
United States (Hoffmeister 1986; Marshall et al. 2000). All of the surface waters in Pinal County 
are considered to be ephemeral-including those categorized as significant such as tlie Gila 
River, S a m  Cruz River, San Pedro River, and Queen Creek (Pinal2001). This is due to none of 
the streams exhibiting perennial flow. The Gila River flows west across tlie north central area of 
the county and is considered the north eastem boundary. The Gila River is ephemeral through the 
county and only flows in response to flooding or releasing of water froin the dams. Queen Creek 
is a large tributary that flon7s into the Gila River and is also considered ephemeral. The Santa 
Cruz River flows north i5om Pima County and joins the Gila River near the north westem comer 
of the county and f l o ~ s  only during significant flood events. The San Pedro River flows 
northwest throughout the eastern portion of the county into the Gila River exhibiting surface 
flows only during flooding but does contain subsurface f l o w  that are considered perennial. 
There are hvo large groundwater sub basins in the county with 5 portions of other sub basins 
(Figure I ) .  In and of themselves, these rivers and washes provide crucial habitat and movement 
corridors for a large variety of desert wildlife including desert mule deer, javelina, bobcats, 
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. .  . .  

mountain lion, as well as many small mammals, birds, reptiles, fish, and amphibians. Riparian 
habitats associated with these rivers and washes also support species such as the bald eagle and 
Yuma clapper rail that are designated as threatened, endangered, or otherwise sensitive. 

Figure 1: AD WR check your water supplv 

The combination of spectacular scenery and a comfortable climate in Pinal County create the 
conditions most desired for urban development. As a result, the characteristics of some of the 
region’s most beautiful and ecologically productive landscapes are being dramatically altered by 
human development and infkastructure. 

WHY WE NEED WILDLIFE LINKAGE PLANNING IN PINAL COUNTY 

POPULATION GROWTH 
Arizona’s growing human population and expanding infrastructure has consequences for the 
wildlife species in Pinal County and for the habitats on which they depend. While human 
development and disturbance can adversely affect wildlife by causing direct loss or degradation 
of habitat, the disruption of wildlife movement patterns is a less obvious, but equally important, 
consequence. Most of the available lands in the county are either private (26%) or state trust 
(35%) lands with federal (18%) and reservation (20%) ownership making up the rest (Pinal 
2007) (Fzgzwe 2). Areas of State Trust Lands reside under the state charter as the State Land 
Department has the responsibility on behalf of beneficiaries to assure the highest and best use of 
trust lands. Fair market value must be obtained under the federal act and state mandate, for all 
transactions that include sales and commercial leasing. These revenues benefit public education. 

3 
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I Plnal County Wildlife Conmc-' 2013 '- sessment: ownership 
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An example where a vision has been adopted in the county though the Comprehensive Plan 
(2009, amended 2011 to include conceptual land use) as a long term build aut, includes 
Superstition Vistas: 275 square miles between Apache Junction and Florence within undisturbed 
desert habitat. The planning area is equal to Gilbert, Mesa, Chandler and Tempe combined and 
would include a wide range of diverse development fiom very high to very low densities. This 
would also include activity centers of high intensity mixed uses (employment, shopping, 
medical, educational, etc.). Most of the developments being proposed and/or p h e d  are 
between the Gila River community and the Tohono 0' Odham and west of State Route 87. These 
are centered on the incorporated areas of Maricopa, Casa Grande, Eloy, Coolidge and Florence 
clustering near access to high capacity transportation corridors (existing and planned). 

All animals move across the landscape to varying extents in order to acquire the resources 
necessary for survival: food, water, protective cover, and mates. Mountain lions, bigham sheep, 
Arizona gray fox, coyote, javelina and mule deer roam over vast expanses that can -compass 
thousands of acres, while smaller animals such as the Sonoran desert tortoise, burrowing owl, 
and Tucson shovel-nosed snakes engage in essential movements in a much smaller area There is 
also variation in the temporal patterns of animal movement: some animal movements occur on a 
daily basis, while seasonal migrations may occur annually, and the dispersal of om their 
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natal sites to secure new breeding territories happens only once in an individual's lifetime. Man- 
made barriers have been shown to have an impact on wildlife movement patterns (Figure 3), 
some to the degree that their presence may affect the long-term persistence of wildlife 
populations ('Nom 1983, Wilcox and Murphy 1985, Noss 1987, Bennett 1999, Henle et al. 2004, 
Noss and Daly 2006). 

Figure 3s and b: a. A saies of satellite tdemem studies conducted b?. the Arizona Game and Fish Department, the United 
States Geological Survq, the United States Fish and Wildlye Senice, and the Unnwsity ofArizona shows that highways act IES 

baniem to lion nnnwmnts across Arizona. Each color track represents the mownients ofa d i f f m t  lion. This barrier effmt 
caH isolate populatim, potentialls reducing genetic diversity and repductive siiccess orw time. b: This lion, collared in the 
Catalina Mountains north of Tucson, crossed State Routes 77 and 79 on nrultipie occasions and nppmched but did not cross 
Interstate-10. Movement data jvm this project was r i d  in die design of the Tricson-Tomlita-Sta Catalina Moiintains 
Linkage. Consmiction of crossing structures along SR 77 to accdnimdate this linkage is expeCren to -11 in 2014. 

The following touches on other bamers that, in combination with urban development, have the 
potential to specifically interfere with wildlife movement and interrupt wildlife connectivity 
within Pinal County. 

TRANSPORTATION INFRASTRUCTURE 
County transportation plans have ramped up to improve existing transportation corridors and to 
construct other aspects of the transportation network that will support increased traffic and public 
transportation demand due to the anticipated population growth in Anzona. Many existing 
transportation comdors such as Interstate 10, AZ Loop 202 San Tan, US 60 and State Route 79 
are being evaluated for improvements. Each new road built or existing road improved increases 
traffic volume, thereby increasing the potential for wildlife-vehicle collisions and other habitat 
fragmentation effects. However, as each new or existing road project goes through the planning 
process, the opportunity to accommodate the needs of wildlife also increase. Provided here are 
some examples of the planning processes currently underway within and around Pinal County. 
Additional details for many of the plans are available in Apuendix I. 

Many govenunent officials and the public have recognized two related transportation system 
challenges in Pinal County: 1 .) how to meet travel demand on major routes that cross the county, 
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and 2 ) how to meet travel demand from growth with111 the county Studies of population growth, 
travel volume demand. and road capacity are undenvay at a variety of scales to determine where 
road improvements or new road infrastructure construction should begin 

Cross-county travel demand has come from the growth of communities like Gilbert. Queen 
Creek, and San Tan, the expansion of the William’s Gateway Airport, and the development of 
new communities such as Superstition Vistas. The Arizona Department of Transportation 
(ADOT) and US Department of Transportation’s Federal Highways Administration (FHWA) 
have begun studies for potential new transportation routes such as the North-South Corridor 
study for travel between US 60 in Apache Junction and 1-10 near Eloy (ADOT 201 1). State 
Route 24 for travel between the loop 202 east to SR79 and the 1-1 1& Intermountain West to Las 
Vegas. Another important component of this planning conies from the ADOT Passenger Rail 
Corridor Studv, which is a study of a high capacity travel option and associated corridor between 
Tucson and Phoenix. While these new routes are mostly within nearby counties, thev would 
inevitably increase traffic into and within Pinal County. 

To address increased travel demand from mithin Pinal County, short range and long range 
regional transportation plans continue being developed that will guide the investment of regional 
transportation resources in local roadway, bus, pedestrian, bicycle, aviation, freight, and rail 
facilities to stimulate growth. The Pinal County Coniprehensive Plan shows areas of high traffic 
flow (Figwe 4, in terms of roads, railways, and aviation. Refer to Appendix I for list of various 
transportation studies. plans, projects within Pinal County (note this list is not exhaustive). 

UTI LIR INFRASTRUCTURE 
The growing population in Arizona will also brins increased energy demands. The development 
of wind and solar energy facilities, utility corridors. and other energy-related infrastructure may 
be considerable over the nest several decades. In 2012. the Bureau of Land Management and 
Department of Energy completed a new policy framework for utility-scale (’20 megawatt) solar 
energy development on BLM lands, which governs and guides the future of this rapidly growing 
form of energy development across millions of acres of land in the sun-rich state of Arizona. 
Concurrently, the Arizona BLM’s Restoration Design Energy Project deliiieatedlow-conflict 
zones across multiple land ownerships where utility and sub-utility solar and wind development 
will be incentivized. A recently published review paper by the United States Geological Suney 
(Lovich and Ennen 201 1) concluded, “.  . .it appears that insufficient evidence is available to 
determine whether solar energy development, as it is envisioned for the desert Southwest, is 
compatible with wildlife cotisenation”. While this study reveals a void of scientific studies 
quantifying the effects of this relatively new form of energy development on wildlife, some of 
the known primary impacts of this form of development (i.e. habitat conversion. fragmentation, 
and disturbance) have been studied extensively elsewhere and have been shown to affect habitat 
quantity- quality, and connectivity. The expansion of renewable energy development in the West 
would also spur new development and retrofit of energy transmission infrastructure. 

0 
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species may require specific landscape features (1.e. ridgelines, stream corridors, etc.), vegetation 
composition and structure. crossing structure designs (i.e. specific length or “openness”), and 
certain thresholds of human disturbanceiactivity in order to be functional (Figwe 6). Planning 
for effective wildlife crossings must also consider what is going to happen on those lands in the 
immediate proximity of the crossing, which may also influence priorities for rural and urban 
open space planning and acquisition. Allowing development to occur near crossing structures 
and placing structures in locations that do not provide suitable habitat for the target species 
generally affects their use by wildlife (Beier and Loe 1992). 

BENEFITS TO PEOPLE 
Maintaining an interconnected nehvork of wildland blocks will provide benefits to the local 
human communities as well, perhaps most obviously by improving public safety. It has been 
estimated that approximately 20% of the land area in the United States is ecologically affected 
by the country’s road network (Forman et al. 2003). The implications of this widespread impact 
include threats to connectivity and hazards to motorists (Forman and Alexander 1998). One 
study estimated that each year inore than 200 motorists are killed and approximately 29,000 are 
injured as a result of deer-vehicle collisioiis in the United States (Conover 1995). Such Collisions 
can cost $2 billion annually (Daiiielson and Hubbard 1998). Identifying important wildlife 
movement areas that traverse transportation corridors prior to the construction of new roads or 
road improvements allows for the informed siting of wildlife-friendly over- and underpasses that 
can greatly reduce the likelihood of collisions (Clevenger et al. 2001, Fonnaii et al. 2003, Dodd 
et a1 2007; Figwe 6). Along Arizona State Route 260, for esaniple, a coinbination of wildlife 
underpasses and ungulate-proof fencing reduced elk-vehicle collisions by 80% (Dodd et al. 
2007; Figiwe 6). A study by Lowery and Blackman (2007) detected direct road kill or evidence 
of the presence of 55 unique species along Twin Peaks Road in Pima Count!;. 

As the optimal objective of providing wildlife linkages is to maintain the connectivity behveen 
wildland blocks, there are circumstances where it is important to accommodate a linkage that. 
either partially or in its entirety, crosses through urban and suburban eiivironinents where opeii 
spaces invite (intended or not) passive recreation activities. In such situations, the linkage may 
also serve as a buffer beh$7een developed areas and wildland blocks and can help protect the 
wildland nehvork from potentially damaging external influences. Incorporating and designing 
rural and urban greenways and:’or open spaces that support wildlife movement into municipal 
planning efforts also helps retain the natural vistas and aesthetic attributes that Arizona residents 
and visitors value. Since evidence suggests that some species are sensitive to the presence of 
humans (Clevenger and Waltho 2000, Taylor and Knight 2003) multi-use buffer zones should 
be made wide enough to maintain separation between human recreation activities and the needs 
of the wildlife species using the corridor. 

Maintaining linkages that facilitate tlie ecological health of wildland blocks can also be a 
significant investment iii contributing to the diversity and vitality of an area’s economy and tlie 
American economy. The Outdoor Industry Association developed a report in 2012 on “The 
Outdoor Recreation Economy”. The report recognized outdoor recreation as being critical to the 
economy through direct spending, manufacturing, finance, retail, tourism, travel and generates 
jobs. Also emphasized in the report, “Not only is access to quality places to play outside critical 
to our businesses, it is fundamental to recruiting employers and at the heart of healthy and 
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productive communities. Open spaces and recreation areas are magnets that draw after-work 
activity and tourists alike”. The economic value associated with fish and wildlife-related 
recreation is significant for Pinal County and contributes greatly to Arizona’s economy. A 
national survey of fishing, hunting, and wildlife-associated recreation has been conducted about 
every five years since 1955 to evaluate national trends. The survey provides information on the 
number of participants in fishing, hunting, and wildlife watching (observing, photographing, and 
feeding wildlife). and the amount of time and money spent on these activities. In the most recent 
survey, it was reported that in 201 1, state resident and nonresidents spent $2.4 billion on fishing, 
hunting, and watchable wildlife related recreation in Anzona (US.  Department of the Interior 
201 2). In 200 1 ,  a county-level analysis of the national survey data revealed that in Pinal County 
watchable wildlife activities generated a total economic effect of $96 million, supporting 950 
jobs, providing residents with $27 million in salary and wages, and generating $2.9 million in 
state tax revenue (Table I, Southwick Associates 2003). Fishing and hunting recreation 
generated a total economic effect of $22.9 million for the County, supporting 296 jobs, providing 
residents with $3.8 million in salary and wages and generating $933,000 in state tax revenue 
(Silberman 2003). These economic benefits illustrate that conserving our wildlife populations, 
through efforts such as maintaining or restoring habitat connectivity is also good for business in 
the County. 

Pmal County Economic Number of Jobs Amount iu Salary Amount in State I Effect 1 Supported and Wages Tax Revenue 
I I I I 

Watchable Wildlife $96,000.000 950 $27.000,000 $2,900,000 

Fishing and Hunting $22,900,000 296 $3.800.000 S933.000 

Zabk J‘ Economrc benefits of fihmng, hunhng. and watchable wrldlfe achvihes b county Summonzededfrom Southwick A ~ ~ t e s  2003 and 
Silberman 2003 

OVERVIEW OF REGIONAL PLANNING EFFORTS THAT ACKNOWLEDGE THE 
IMPORTANCE OF CONSERVING WILDLIFE LINKAGES 

There is a long-standing appreciation among local governments, land management agencies, 
transportation departments, conservation organizations, energy and utility companies, and 
citizens across Pinal County of the importance of conserving wildlife linkages and mitisating the 
impacts of barriers on wildlife movement. The Federal Highway Adrmnistration and the Arrzona 
Department of Transportation (ADOT) recognize wildlife-vehicle collisions (WVCs) as a serious 
problem along major northern Arizona roadways, and have supported collaborative research with 
Department biologists to identify wildlife movement patterns and to design effective mitigation 
strategies (Dodd et al. 2007, Dodd et al. 2009, Dodd et al. 2010, Gagnon et al. 2010, Gagnon et 
al. 201 1). 

Planning efforts in other areas of Arizona have also begun to incorporate information 0; wildlife 
linkages. For example, Pima County’s Conservation Lands System (Pima County 2001), an 
outgrowth of the widelpacclaimed Sonoran Desert Conservation Plan and adopted as policy in 
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the County's Comprehnsive Plan, includes protection and restoration of wildlife linkages 
key obiective in the evaluation of Plan amendments and all land uses requiring rezoning. - -  
T O W ~  of ~ r o  valley incoprated the conservation of an important wildlife iinkaie in the Arroyo 
Grande planning area as an amendment to its General Plan (Town of Or0 Valley 2008). Most 
recently, the City of Surprise incorporated the conservation of an important wildlife comdor as 
an amendment to the General Plan 2030, near the White Tank Mountains (City of Surprise 
201 1)- The need to maintain habitat connectivity for wildlife will only grow as Arizona becomes 
more developed and populous in coming decades and the likelihood of habitat fragmentation 
increases. Given the relatively d e v e l o p e d  status of the several regions in Pinal County at 
present, it is good timing to integrate knowledge of wildlife linkages and mitigation strategies 
into land use and transportation planning. 

a s a  
The 

Open space planning efforts substantively began in Pinal County in 2005 with the data gathering 
and development of the Piml County Open Space and Trails Master Plan (Plan) as the 
foundation of the Open Space and Recreation Element of the Pinal County Comprehensive Plan 
(amended 2007 to include the Plan), and it identifies 399,300 acres of existing or planned open 
space, 802,400 acres of proposed open space, 25,900 acres of restricted use open space, and 
168,700 acres of regional parks (Figure 7). The Plan reflects the vision of county residents and 
identifies goals and objectives for the attainments of open space, trails, and regional parks. The 
Plan includes an implementation program offering a variety of techniques tiom regulatory, 
acquisition, influencing land management decisions to land acquisition fimdmg techniques. To 
aid the implementation of the Pinal Open Space Plant(adopted 2007), a committee was appointed 
by the Pinal County Board of Supervisors as the Pinal Partnership Parks, Trails, Open Space and 
Public Lands Committee. This committee has interest in incorporating wildlife linkages into the 
planning and implementation efforts within the county. 

- . -  
Flgwrr 7: Pinal County Open w e  and Tmils Master Plan 
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THE PINAL COUNTY WILDLIFE CONNECTIVITY ASSESSMENT 
0 

To assemble current knowledge of wildlife linkages and barriers to wildlife movement across 
Pinal County and to help build collaborative partnershps with local jurisdictions for eventual 
implementation efforts, AGFD joined with partner organizations (please see Acknowledgments 
for a list) to initiate the Pinal County Wildlife Connectivity Assessment. This project grew out of 
prior initiatives including the statewide Anzona Wildlife Linkages Workgroup (AWLW) known 
as Arizona's Wildlife Linkages Assessment, or AWLA. The AWLA used an expert-based 
approach to create a statewide map of potential linkage areas and barriers at a coarse scale 
(Arizona Wildlife Linkages Workgroup 2006; Figure Sa). This Pinal County Wildlife 
Connectivity Assessment represents a continuation of these previous efforts and is intended to 
identify wildlife linkages at a finer scale that may have been overlooked in the earlier 
assessment, as well as those that will be useful for regional and local transportation or land-use 
planning efforts. 

. . , .._ 

Figures Sa and 6: (0) Starewide stap of wikdlfe linkages arid bnrriers created for Aiizona 's Wildlge Lirrkages Assessrrrerrt 
(20061. (b) Certnirr high prion'n. lirrkflge arms ideirtij?ed iir the drizorrn 's Wildlife Lirrkages Assesstrierit, sriclr as the Irotmvod- 
Picncho Linkage Design slroitn here 1wrejrrdIer refilled ns represented in the Ari=orra Missing Lirrhges and in detailed linkage 
rirodelirig eforts br the A~':OFM Gnrrte and Fish Depnrtnierit. High priorin, wildlife lirrknges defined hi this ass ient ii.ill be 
firodeled iisiirg siiuilor arerliods on o per prvject imsi.9 
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PINAL COUNTY WILDLIFE LINKAGE DESCRIPTIONS 

(WILDLIFE MOVEMENT WITHIN A WILDLAND BLOCK) 

PINAL COUNTY DIFFUSE MOVEMENT AREAS: D1-D8 

D l .  Southeast of Florence 
Species Identified: 
Current Threats/Barriers: Canal 

Future Threats/Opportunities: 
Notes: 

Coati, Coyote, Herpetofauna, Rabbit 

Roads: SR79 
None identified at workshop 
Small aninial niovenient along canal through agricultural and 
residential/comniercial area of Florence 

D2. Mineral Mountains 
Species Identified: 

Current Threats/Barriers: 0 Agriculture 

Bighorn sheep, Desert tortoise, Mule deer, Tucson shovel-nosed 
snake 

Canal 
0 Invasive species 

Military activity 
Mining 

0 OHVactivity 
Pipeline 
Powerline 
Railroad 
Roads: SR 79, SR 802, gravel and paved roads 

Widening of SR 79 and SR 802 and development of military 
reservation 
Includes niovenients as indicated by telemetry data for bighorn 
sheeD 

Future Threats/Opportunities: 

Notes: 

D3. Devil’s Canyon 
Species Identified: 
Current Threats/Barriers: Mining 
Future Threats/Opportunities: 
Notes: 

Mexican spotted owl, Peregrine falcon 

None identified at workshop 

D4. Ray Copper Mine 
Species Identified: Gila monster, Herpetofauna 
Current Threats/Barriers: 0 Mining 

Future Threats/Opportunities: 
Roads: Hwy 177, Ray Mine Rd 

None identified at workshop 
Notes: 

0 
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D5. Valley Between Santa Catalina Mountains and Caliuro Mountains 
Black bear, Bobcat, Javelina, Mountain lion, Mule deer, White-tailed 
deer 

Species Identified: 

Current Threats/Barriers: 0 Mining 
0 OHVactivity 
0 Residential development (high and low density) 
0 Roads 

None identified at workshop 
Drainages and washes concentrate movement across mountain 
ranges 

Future Threats/Opportunities: 
Notes: 

D6. Tortolita Mountains 
Species Identified: 
Current Threats/Barriers: 0 OHVactivity 

Future Threats/Opportunities: Road widenings 
Notes: 

Desert tortoise, Javelina, Mountain lion, Mule deer 

0 Roads (Moore Road, Tangerine Road) 

Conservation efforts underway via the Sonora Desert Conservation 
Plan (Tortolita - Carpenter Ranch, Tortolita Mountain Park) 

D7. Picacho Mountains 
Species Identified: From Ironwood Missing Linkage Design (Badger, Bighorn sheep, 

Black-tailed jackrabbit, Black-tailed rattlesnake, Cactus ferruginous 
pygmy owl, Desert tortoise, Javelina, Mule deer, Sonoran desert toad, 
Sonoran whipsnake, Tucson shovel-nosed snake) 

Railroads 
0 Roads (1-10, others) 
High and low density residential developments planned 
Includes water catchments around Newnian Peak; adds habitat block 
of Picacho Mountains onto north end of Ironwood Missing Linkage 
Design (Beier et al., 2006b). 

Current ThreatslBarriers: 0 Agriculture 

Future Threats/Opportunities: 
Notes: 

D8. Casa Grande Mountains 
Species Identified: 
Current Threats/Barriers: 
Future Threats/Opportunities: 
Notes: 

None identified at workshop 
0 None identified at workshop 
Trails are planned for area 
May become isolated from nearby development 
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PINAL COUNTY DIFFUSE MOVEMENT AREAS: L1-L16 0 
(WILDLIFE MOVEMENT BETWEEN WILDLAND BLOCKS) 

L l .  Superstition Mountains to Goldfield Mountains and Weekes Wash 
Species Identified: Coyote, Mule deer 
Current Threats/Barriers: 0 Roads: Hwy88 
Future Threats/Opportunities: 
Notes: N/A 

None identified at workshop 

L2. Valley north and east of the San Tan Mountains 
Species Identified: 
Current Threats/Barriers: 

Desert tortoise, Mule deer 
0 Residential development (Superstition Vistas and Lost Dutchman 

0 Roads: US 60, Hwy 79 
Heights) 

Future 
Threats/Opportunities: planned 
Notes: 

High and low density residential and commercial development 

Diffuse niovenient: more concentrated movement along washes 

L3. Florence Military Reservation 
Species Identified: 
Current Threats/Barriers: 0 Military activity 

Desert tortoise, Tucson shovel-nosed snake 

0 OHVactivity 
0 Residential development (low density) 

Roads (Hwy 79) 
High density residential development in future, potential widening Future Threats/Opportunities: 

Notes: 
of Hwy 79 

L4.  Queen Valley - Middle Gila/Mineral Mountains 
Species Identified: Javelina, Mule deer 
Current Threats/Barriers: 0 Agriculture 

Alternative energy developnient potential (wind and solar) 
0 Canal 
0 Invasive species 
0 Mining 
0 OHV activity 
0 Pipeline 

Powerline 
Railroad 

0 Residential development (low density) 
0 Roads: US60. high traffic gravel road 
High and low density residential and commercial developnient 
planned in future 

Future Threats/Opportunities: 

Notes: 0 
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L5. Tonto Forest West of Superior through Gonzales Pass 
Species Identified: 

Current Threats/Barriers: 0 Agriculture 

Bighorn sheep, Desert Tortoise, Hedgehog cactus, Javelina, Mule 
deer, White-tailed deer 

Mining 
0 OHV activity 
0 Railroad (north of US 60) 

Residential development (low density) 
Roads (US 60) 

High density residential development planned in future, Expansion 
of US 60 
North-south bie eanie niovenient corridor 

Future Threats/Opportunities: 

Notes: 

L6 .  Tortilla Mountains - Ripsey Wash - Donally Wash 
Species Identified: Desert tortoise 
Current Threats/Barriers: Mining 

OHVactivity 
Powerline 
Roads (Huy 79) 

None identified at workshop Future Threats/Opportunities: 
Notes: 

L7. Canyon Passes between Superior and Globe 
Species Identified: 
Current Threats/Barriers: Mining 

Future Threats/Opportunities: 
Notes: 

None identified at workshop 

Roads (Hwy 60) 
None identified at workshop 
Major north/south movement corridor, especially along canyon 
passes 

L8.  El Capitan - Aravaipa Canyon 
Species Identified: Bighorn sheep 
Current Threats/Barriers: 0 Mining 

OHVactivity 
Power lines 

Road proposed (1-10 bypass), potential Sunzia powerline route Future Threats/Opportunities: 
Notes: Bighorn sheep niovenient north/south 

L9.  Galiuro Mountains - Tortilla Mountains 
Species Identified: Coati, White-tailed deer 
Current Threats/Barriers: 0 Agriculture 

Roads (Hwy 7)  
Future Threats/Opportunities: 
Notes: 

Potential Sunzia powerline route 
East-west movement through San Pedro corridor along Aravaipa 
Canyon - Putllanl - canip Grant Wash 
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L10. Galiuro Mountains - Santa Catalina Mountains 
Species Identified: 

Current Threats/Barriers: Mining 

Bighorn sheep, Black bear, Bobcat, Desert tortoise, Javelina, 
Mountain lion, Mule deer, White-tailed deer 

OHVactivity 
Powerline Residential development (High and low density) 
Roads (Hwy 77, annexation of land along Hwy 77, high traffic 

Future low and high density residential developments 
General east/west niovenient of large nianinials and desert tortoise 

gravel road) 
Future Threats/Opportunities: 
Notes: 

L11. Black Mountain - Santa Catalina Mountains 
Species Identified: 
Current Threats/Barriers: 

Future Threats/Opportunities: None identified 
Notes: 

Mountain lion, Mule deer 
Residential development (High density) 
Roads (Huy 77, high traffic gravel road) 

L12. Santa Catalina Mountains - Tortolita Mountains (north) 
Species Identified: 
Current Threats/Barriers: 
Future Threats/Opportunities: None identified 
Notes: 

Mountain lion, Mule deer 
Roads (Huy 7.  Hw-y 79) 

Large mammal niovenient t hough  Falcon Valley 

L13. Durham Hills - Black Mountains 
Species Identified: 
Current Threats/Barriers: Agricultuie 

Gila monster, Mountain lion, Mule deer 

Invasive species 
Mining 
OHVactivity 
Pipeline 
Powerline 
Resideiitial developiiieiit (lugh aiid Iow density) 
Roads (SR 79) 

None identified at workshop 
Mountain lion telemetry niovenient and habitat 

Future Threats/Opportunities: 
Notes: 

L14. Tortolita Mountains - Suizo Mountains - Durham Hills 
Species Identified: 

Current Threats/Barriers: OHV activity 

Cactus ferruginous pygmy owl, Desert tortoise, Mountain Lion, Mule 
deer 

Power line 
Resideiitial developiiieiit (low density) 

0 Roads 
High density residential development planned 
Mountain lion and cactus ferruginous pygmy owl telemetry 
niovenient data 

Future Threats/Opportunities: 
Notes: 

0 
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L15. Tortolita Mountains - Tortilla Mountains 
Species Identified: 
Current Threats/Barriers: 0 Agriculture 

Cactus ferruginous pygniy owl, other avian species 

Milling 
Railroad 
Residential development (high density) 
Roads (Huy 79) 

Potential niigratory route for cactus ferruginous pygmy owl and 
other species, primarily along elevation corridor or 2,400 feet and 
2,800 feet with meso-vegetation 

Future Threats/Opportunities: None identified 
Notes: 

L16. Black Mountain - Picacho Mountains 
Species Identified: 

Current Threats/Barriers: Invasive species 

Bobcat, Cactus ferruginous pygniy owl, Coyote, Deer, Desert 
tortoise, Fox, Javelina, Mountain lion, Mule deer 

Landfill 
Recreation 
Residential development (low density) 
Roads (SR 79) 

High and low density residential developments planned 
Mountain lion and large nianinial movements 

Future Threats/Opportunities: 
Notes: 

L17. Tortolita Mountains - Picacho Peak 
Species Identified: 
Current Threats/Barriers: 0 Recreational activity 

Future Threats/Opportunities: 
Notes: 

Desert tortoise, Mountain lion 

Roads (High traffic gravel road. paved road) 
Residential development (low and high density) planned 

L18/L19. Picacho Peak - Silver Bell Mountains - Sawtooth Mountains 
Species Identified: 

Current Threats/Barriers: Agriculture 

Bighorn sheep, California leaf-nosed bat, Cave niyotis, Desert 
tortoise 

Mining 
OHV activity 
Residential development (low density) 
Roads (high traffic gravel road) 

High density residential developnient planned 
Bat movement and roosting habitats; Continues through L19 which 
was also identified at Pima County Workshop (Pima Lio) 

Future Threats/Opportunities: 
Notes: 

L20. Ironwood National Monument - Vekol Mountains 
Species Identified: Bats 
Current Threats/Barriers: 
Future Threats/Opportunities: 
Notes: 

None identified at Workshop 
Potential high and low residential development planned 
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PINAL COUNTY RIPARIAN MOVEMENT AREAS: R1-RIG 0 
(WILDLIFE MOVEMENT THROUGH RIPARIAN HABITAT) 

R1. Gila River 
Beaver, Bighorn sheep, Bobcat, Bumowhe; owl, Coyote, Gray fox, Species Identified: 

Current Threats/Barriers: 

Future Threats/Opportunities: 

Notes: 

Javelina, Migratory birds. Mississippi hte .  Mule deer, Muskrat, Osprey. 
Raccoon, Skunk. Southwest Willow Flycatcher, Various amphibians, 
Various reptiles, Various small m m n a l s ,  Waterfowl, Yellow-billed 
cuckoo. Yiuna clapper rail 
0 Agriculture 
0 Canals 
0 OHV activity 
0 Urbanization 
Increased OHV activity, Proposed roads (Hwy 303, Hwy 801,I-io 
Bypass, etc.) 
Continuation of as Maricopa County Report Linkage number 68. 
species and threats listed here were identified in the Maricopa 
County report and a t  the Pinal County Stakeholder Workshop; 
Cultural resource areas with proposed expansion of Casa Graiide 
Na tioiial Ruins 

R2. Weekes Wash 
Species Identified: Coyote, Mule deer 
Current Threats/Barriers: 0 Residential developnient 

0 Roads (Hwy 88) 
Future Threats/Opportunities: High density residential development planned 
Notes: Superstition Mountains to Goldfield Mountains 

R3. Queen Creek - Gila River Indian Community 
Species Identified: 
Current Threats/Barriers: 0 Agriculture 

Coyote, Hawk, Javelina, Mule deer 

0 Canal (CAP, Eastern canal) 

0 Railroad (Union Pacific) 
0 Recreation (golf courses) 
0 Roads (Huy 60, 1-10) 

0 Sand and gravel operations 
0 Urbanization 

Future Threats 
Notes: 

Opportunities: Expansion of existing roadways and future freeways planned 
Queen Creek from dam to Gila River Indian Coiiiniunities; iiicludes 
Queen Creek tributaries; Same as Maricopa County Report Linkage 
number 24; Species and threats listed here were identified in  the 
Maricopa County report 
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R4. Gila River - San Pedro River 
Species Identified: 
Current Threats/Barriers: Agriculture 

Various aquatic species. Various avian species, Various riparian species 

Mining 
OHV activity 
Railroad 

0 Residential (low and high density) 
Roads (Hwy 177, various high traffic gravel roads) 

Connects to Pima County Linkage Report R I ~  
Future Threats/Opportunities: Proposed Sunzia powerline 
Notes: 

R5. Greene Wash and Reservoir 
Species Identified: 
Current Threats/Barriers: Agriculture 

None identified at workshop 

Illegal trafficking 
OHV activity 
Residential development 

None identified at workshop 
Tribal lands: Critical water supply 

Future Threats/Opportunities: 
Notes: 

R6. Gila River to Lake St. Claire 
Species Identified: Coyote. Mountain lion 
Current Threats/Barriers: Agriculture 

0 Illegal trafficking 
0 OHV activity 
0 Railroad (Union Pacific) 

Roads (Maricopa-Casa G r a d e  Huy 238 with high traffic) 
Increase in OHV activity; Numerous high density residential Future Threats/Opportunities: 

Notes: 
developnients planned 
Tribal lands 

R7. Vekol Wash 
Species Identified: Arizona mud turtle, Badger, Bighorn sheep. Bobcat, Casque-headed toad, 

Couch‘s spadefoot toad, Desert iguana. Desert kangaroo rat, Desert 
tortoise, Gray fox, Great Plains Narrow-mouthed toad, Great Plains toad, 
Sonoran desert toad, Javelina, Kit fox, Mountain lion, Mule deer. Red- 
spotted toad, Sidewinder, Shovel-nosed snake, Sonoran green toad. 
Various small m m a l s  

Current Threats/Barriers: 0 Illegal trafficlung 
Residential developiiient (low and high density) 
Roads (1-8, Hwy 303, 1-10. Huy 238, Rainbow Valley Road) 

Proposed Sonoran Valley Parkway 
Same as Maricopa County Report Linkage number 70. species and 
threats listed here were identified in the Maricopa County report 

Future Threats/Opportunities: 
Notes: 
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( DETAILED/MODELED WILDLIFE LINKAGE DESIGNS) 

ML1. Gila Bend -Sonoran Desert National Monument - Sierra Estrella Mountains (Beier et al. 
2008) 

See Missing Linkage report at littc,://corridordesio,~i.or~dl/liilka~es/re~orts/GilaBe~idMt~is~So~~ora~~DesertNM~ 
SierraEstrella LinkageDesign.pdf for complete list of iiiodeled species, current and future threats and barriers, and 
additional recommendations on pro\+ding connectivity be&+-een these wildlalid blocks. Note that this linkage design 
\vas modified after the publication of the report to avoid private land after careful evaluation of values on different 
linkage alternatives. 

MLZ. Ironwood - Picacho Mountains (Beier et al. 2006a) 

See Missing Linkage report at littp:/ icorridordesi~ii.ore/dliliIikaees/reports~Iroiiwood~Picaclio LinkaPeDesi~ii.c,dffor 
coiiiplete list of modeled species, current and future threats and barriers, and additional recommendations on 
pro\+ding connectivity between these \vildland blocks. 

ML3. Coyote - Ironwood - Tucson Mountains (AGFD 2012b) 

See Detailed Linkage report at 
littp: /iM?~~~.azpfd.eo~.iw - c/documeiits/Co~otelro~i~~~oodT~ics~ii  Linkaa,Desion 1owres.pdf for complete list of 
iiiodeled species, current and fiiture threats and barriers, and additional recoiiuiieiidatioiis on prmiding connectiWy 0 between these Iiiouiitaiii ranges. 

ML4.  Tucson - Tortolita - Santa Catalina Mountains (Beier et al. 2006b) 

See Missing Linkage report at http:/ /corridordesi~n.oreidl/linka~esireports~T~tcso~i~Tortolita- 
SantaCatalina hiikageDesipn.pdf for coiiiplete list of iiiodeled species, current and future threats and barriers, and 
additional recommendations 011 providing coiinectivit). bebveen these wildlalid blocks. 

ML5. Santa Catalina/Rincons - Galiuros Mountains (AGFD 2012c) 

See Detailed Linkage report at 
littp:/i~~~71’.azpfd.Po~‘jW c/dociiments/SantaCataliIiaRilicollGaliuro LiiikaeeDesieii 1owres.pdf for coiiiplete list of 
modeled species, current and future threats and barriers, and additional recoinmendations on providing connecti\+ty 
between these mountain ranges. 
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Arizona Wildlife Linkages Assessment Report, Arizona Department of Transportation 
Website: 

http://www.azdot.gov/business/environmental-planning/pro~rams/wildlife-linkages 
(Accessed on 10/14/15) 

From the webpage 

“Biologists, engineers, planners and land managers from nine public agencies have worked 
together since 2004 to identify large blocks of protected habitat, the potential wildlife movement 
corridors through and between them, the factors that could possibly disrupt these linkage zones 
and opportunities for conservation. 

Recognizing that habitat connectivity is a landscape issue involving multiple land jurisdictions, 
this workgroup has engaged in unprecedented cooperation and facilitated discussions and 
partnerships to help ensure a unified approach to wildlife linkage conservation and management. 

This reinforces the commitment to and efficiency of wildlife connectivity measures undertaken 
by all stakeholders, using research and adaptive management in ongoing evaluations of those 
measures. 

The assessment document (below) and map are the initial efforts to identify potential linkage 
zones that are important to Arizona’s wildlife and natural ecosystems. This is only the first step 
in a continuing process of defining critical habitat connectivity areas. 0 
This nonbinding document and map serve as an informational resource to planners and 
engineers, providing suggestions for the incorporation of these linkage zones into their 
management planning to address wildlife connectivity at an early stage of the process. If 
considerations for wildlife connectivity can be integrated into regional planning and projects 
early in the process, the linkage areas (or some portion of them) have the potential to be 
maintained or conserved during this time of growth and development.” 

Arizona’s Wildlife Linkages Assessment Document 

Due to the large file size of this study, it is divided up into the separate Adobe PDF segment. 

0 Arizona Wildlife Linkages Assessment (15435 KB) 

Section I Introduction (970 KB) 

0 Section I1 Arizona Wildlife Linkages Workgroup (223 KB) 

0 Section 111 Arizona Missing Linkages Workshop (14086 KB) 

0 Section IV Arizona Wildlife Linkages Mapping (103 KB) 0 



0 

0 

Section V Arizona Wildlife Linkages Prioritization (923 KB) 

Section VI Arizonas Wildlife Linkages (200975 KB) 

o 

o 

o 

Figure 6 1 Arizona Wildlife Linkages (10162 KB) 

Figure 6 2 Arizona Wildlife Linkages Across Habitat Blocks (9819 KB) 

Figure 6 3 Arizona Fracture Zones (9499 KB) 

o 

o 

Figure 6 4 Arizona Biotic Communities (10879 KB) 

Figure 6 5 Landownership (11387 KB) 

o 

o 

o 

Figure 6 6 Tribal Nations (10814 KB) 

Figure 6 7 USDA Forest Service (10851 KB) 

Figure 6 8 Department of Defense (10756 KB) 

o 

o 

Figure 6 9 Arizona Highway System with County Boundaries (10720 KB) 

Figure 6 10 ADOT Engineering Districts (10582 KB) 

o Figure 6 11 ADOT Maintenance Districts (10947 KB) 

o 

o 

Figure 6 12 ADOT Natural Resources Management Group (10363 KB) 

Figure 6 13 Arizona Game and Fish Department (10651 KB) 

o 

o 

o 

Fipure 6 14 Bureau of Land Management Districts (10518 KB) 

Figure 6 15 Bureau of Land Management Field Offices (10514 KB) 

Figure 6 16 Conpressional Districts, 10690 KB 

o 

o 

Figure 6 17 Council of Governments, 10632 KB 

Figure 6 18 Federal Highway Administration EnPineering Districts, 10472 
KB - 

o Figure 6 19 Legislative Districts, 10670 KB 

0 

0 

Section VI1 Potential Linkage Zones (9367 KB) 

Section VI11 Riparian Habitat Linkage Zones (81776 KB) 

o Figure 8 2 Riparian Habitat Linkage Zones (11310 KB) 
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o Figure 8 3 Perennial Waters (12027 KB) 

o Figure 8 6 Surface Water Basins (10823 KB) 

o Figure 8 7 Unique Waters (9898 KB) 

o Figure 8 8 Wild and Scenic Rivers (10760 KB) 

o Figure 8 9 Impaired Waters (10506 KB) 

0 

0 

0 

0 

0 

0 

0 References (521 KB)” 

Section 1X Future Directions (526 KB) 

Section X Connectivity Related Proiects (1368 KB) 

Section XI Contributor Connectivity Efforts (213 KB) 

Section XI1 Sources for Connectivity Resolution (1424 KB) 

Appendix A Linkage Data Sheet (446 KB) 

Appendix B Workshop Participants (246 KB) 
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