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 Why we need wildlife linkage planning 

 What are linkages and why are they important? 

 AZ research and planning 

 What can planners do? 

 Conservation solutions…AZ examples 

 Closing statements 

 



 POPULATION GROWTH  
 greater than 14 million by 2050 (Arizona Department of 

Transportation 2010a, US Census Bureau 2011)  

 TRANSPORTATION INFRASTRUCTURE  
 BQAZ 

 UTILITY INFRASTRUCTURE  
 alternative energy  

=  significant losses of wildlife habitat and 
connectivity in parts of the county that are as yet 
undeveloped.  



 



Photos courtesy of Jon Hanna 

• HABITAT FRAGMENTATION & LOSS IS 

CUMULATIVE 

• LEADS TO ANIMAL POPULATION DECLINES AND 

EXTINCTION 

  Globally 3,000 species/year being lost 1 

• OTHER COSTS TO SOCIETY 

  Lost biodiversity 

  Unhealthy ecosystems 
 1Meyer, S.M. End of the Wild. April/May.2004. Boston Review 

 

URBAN URBAN 

DEVELOPMENTDEVELOPMENT  



RAILROADSRAILROADS  

AGRICULTURE AGRICULTURE   
& FARMING& FARMING  

CANALSCANALS  

ALTERNATIVEALTERNATIVE ENERGYENERGY  



 “Road Effect” Zone “Road Effect” Zone --1515--20 times size of paved ROW20 times size of paved ROW  
  

  
  
  

  
  
  
  

 48 acres lost with every mile of Interstate48 acres lost with every mile of Interstate  
 4 million miles of roadways in US4 million miles of roadways in US  
 Human death, injury ,property loss Human death, injury ,property loss ––  
        Billions/YearBillions/Year  

  
  



Partitions 
population 
into smaller 
gene pools 

 Smaller gene pools 
lead to inbreeding 

 

Blocked resources 

 

FragmentationFragmentation  

Cuts off migration corridors 

 



 
WHAT ARE WE 
DOING ABOUT 

IT? 
 
•Wildlife Research 

•Linkage Planning 

•Design Guidelines 

•Outreach 

•Collaborative Planning      
& Implementation 



  

• SR 260 Crossing Structures, Fencing, 
and Automated Crosswalk Studies 

•  SR’s 93 and 68 Bighorn Sheep Crossing 
Studies 

• I-17 and SR 64 Elk and Deer Crossing 
Studies 

•  SR 89 Pronghorn Crossing Studies 

•  Mountain Lions in Prescott, Payson and 
Tucson Area Studies 

•  Cactus Ferruginous Pygmy-owl 
Crossing Studies 

•  Flat-tailed Horned Lizard Culvert Study 

•  Statewide Wildlife Linkages 
Assessment  

•  Sun Valley Wildlife Corridor Study 

•  Road Kill “Hot Spot” Definition Studies 

 Camino de Manana 

 SDCP Connectivity Areas 
 

 Roadway Ecology 

 Movement  

 Habitat Use 

 Mitigation Designs 

 Roadkill Assessments 



•  34 survey days 
•  20 miles of roadway 
•  ~ 2,540 vertebrates found dead 

•  Amphibians (55%) 
•  Reptiles (26%) 
•  Mammals (14%) 
•  Birds (5%) 

WILDLIFE ROAD MORTALITY ALONG WILDLIFE  
CORRIDORS IN THE TUCSON, AZ AREA 



 Example: The pronghorn wouldn’t cross the road 



 Pre-Construction Sheep Data 
 2004 – 2006 

 82% of bighorn crossings occurred at 3 ridge locations, at 
which overpasses were recommended 

 

 





State Route 260 Wildlife Structures 

(2013 completion) 

      Wildlife Underpasses 

(11) 

      Required Bridges (6) 

      SR 260 



Wildlife LinkagesWildlife Linkages  

  

  

  

AZ Planning ApproachAZ Planning Approach  



Functional Connectivity: some key terms 

Wildland blocks – what we want to connect  
Can be hard to define: Do we want to connect protected areas, 

biodiversity hotspots, a particular habitat, populations of a particular 

species?  

Matrix – the land between & around the wildland 

blocks 

Barriers – highways, canals, railroads, border fences, 

urban areas and other things that impede animal 

movement  

Linkage – a portion of the matrix that, if conserved, 

can promote movement of multiple species and 

propagate ecosystem processes 



Corridor – a synonym for linkage? 

Yes, but “corridor” (like “hallway”)…  

emphasizes 

structure 

(linkage 

emphasizes 

function ) 

implies a single, 

highly linear, 

connection that may 

be appropriate for a 

single focal species 

(linkage may include 

several, non-linear 

strands) 



“Linkage” and “Corridor” 

Linkage – 

connective land, if 

conserved, can 

maintain functional 

connectivity 

between wildland 

blocks for multiple 

species and 

ecosystem 

processes.  



Core 

Core 

Core 
Core 

Core 

An area of land used by wildlife to 

move between or within habitat 

blocks in order to complete activities 

necessary for survival and 

reproduction. 



         Why conserve linkages?  

     Nature needs room to roam 

Connectivity is the ability of a landscape to support natural 

levels of: 

 
  Individual movement for needed resources (food, water, cover) 

  Immigration or recolonization after local extinction; 
emigration to new habitats 

 Seasonal migrations 

 Gene flow (the ability to evolve; genetic variability) 

 Population movement in response to changing climate or 
stochastic events 

 Ecological processes and flows (e.g., disturbance, predator-prey 
interactions, pollination/seed dispersal, nutrient cycling) 

 



Planners and managers need spatially explicit tools to identify 

 linkages & guide conservation actions 

 





Statewide - 

Over 100 experts defined  

  large-scale linkages 

http://www.azdot.gov/Inside_ADOT/OES/AZ_Wildlife

_Linkages/index.asp 





 A  type of linkage 
area in which 
wildlife move 
within a habitat 
block across a 
relatively broad 
area, rather then 
between habitat 
blocks through 
well defined 
linkages 



 A  type of linkage 
area in which 
wildlife move 
between distinct 
habitat blocks; area 
may be relatively 
broad or a well-
defined  linkage 



 A  type of linkage 
associated with 
perennial or 
ephemeral  
surface or 
subsurface water; 
includes washes 
and dense 
vegetation 



 



Least-cost corridor GIS modeling 

 Focal species approach assumes: 

 

  - habitat suitability = landscape permeability 

    - modeled species represent many species & processes 

 

 Overlay multiple species’ corridors to form a linkage 



 

Mule Deer telemetry data used to identify habitat use and 
movement patterns in the White Tank Mountains  



 Core Activity Areas 

 Travel Routes 

 Road Crossings 

 Connectivity 
Recommendations 
 

 

 
 

  

 





How to Use the Connectivity Assessment 
 

 Screening tool in early stages of land use planning 

 Conversation starter  

 “Roadmap” for Biological priorities & needs 

 

 

 
Working  

for 
Connectivity 
not against 

development 



What steps can we take  

together to achieve  

wildlife habitat linkage goals? 

 

 



 

 Conservation design 

 Clustering 

 Gradient density 

 Transferring development rights 

 Density bonus 

 

 

 

 

 Align Transportation Plans 

 Align Flood Control Plans 

 

 

 





 Municipal General Plans 

 -  Collaborate on workshops to build  municipal & community support 

 -  Present wildlife linkage plans to City Councils 

 -  Recommend adoption of  wildlife linkages into  General Plans 

 -  Development regulations & wildlife friendly guidelines 

 -  Collaborate on review of Proposed Area Development plans 

 Open Space Plans 

      -  Include wildlife linkages  and habitat blocks  as a unique component 

 Public Land Resource Mgmt Plans 

  -  Align plans with adjacent or embedded jurisdictions 

 County  Comprehensive and OSPs 

 Conservation and Acquisition Plans – public & private 

   

 









Management Goal- 

WL-12 (Wildlife Movement Corridors):  Manage wildlife 

movement corridors so they contain ample habitat to assist 

wildlife in moving from one area to another in a relatively safe 

manner. 



Coconino County Parks 

& Recreation –  

Rogers Lake, “Old 

Growth” 
 



 

 Avoid, Minimize, Mitigate 

 Align Linkage plans with Transportation plans 

 Align Linkage plans with Flood Control plans 

 Mitigate existing barriers 

 Plan mitigation costs into projects 

 

 

 
Pronghorn Overpass 

Trappers Point , WY 



 Early ID in planning 

 Alignments 

 Roadway design 

 











 Wildlife Friendly Planning 

 Bridge Construction 

 Culvert Construction 

 Fencing 

 Solar & Wind  

 Western Burrowing Owl 

 Desert Tortoise 

 Conservation Easements 



 

 

 

 Native vegetation 

 Natural topographic features 

 Natural washes 

 Water sources 

 Space 

 



 Buffer linkages; low density development, small build 
footprints and large lots  

 Preserve natural vegetation, minimize & direct lighting 

 Friendly fencing vs. exclusion fencing 

 Allow extra space for compatible uses like trails, parks; 
locate on edges of linkages 

 Manage pets and use wildlife proof trash receptacles 

 How wide is wide enough?...species specific approach 

 Preserve & link habitat patches; reduce linkage lengths 

 Restrict motorized recreation 

 Promote living with wildlife education & practices 

 



 Overpasses, underpasses, culverts – height/width 

 Preserve natural substrates & vegetation within…to the 
extent possible 

 Site crossing structures to connect suitable habitats 

 Preserve habitat on approaches 

 Use wildlife proof funnel & exclusion fencing 

 Multiple structures and types benefit more species 

 Minimize human activity in area (lights/noise), reduce 
speeds 

 
See  http://corridordesign.org/downloads 

http://corridordesign.org/downloads
http://corridordesign.org/downloads
http://corridordesign.org/downloads


 

 White Tank – Belmont – 
Heiroglyphic Mountains 
Linkage 

 

 Pima County – Town of 
Oro Valley 

 

AZ Examples 
 







 Linkage identified in multiple parkway corridor feasibility 
studies (MCDOT) 

 City of Surprise – General Plan Amendment 

 Working with Town of Buckeye 

 Linkage goals identified in various flood control plans 

 Meeting with developers 

  

 Build partnerships with other key stakeholders (State Land 
Dept., Maricopa County Parks Dept…), develop public 
awareness and support… 

 

 



Catalinas 

Tortolitas 



 

 Environmentally Sensitive 
Land Ordinance 

 Regulatory  

 Provisions for wildlife 
corridors & open space 

 Limited infrastructure 

 Promoting >density for 
more open space as offset to 
development interests 

 





Corridor Design ModelCorridor Design Model  
Selected CorridorSelected Corridor  SR 77 Passage SR 77 Passage   

Structure LocationsStructure Locations  

Catalinas 

Tortolitas 

Coalition for Sonoran Desert Protection 

CONFIGURE OPEN SPACE 

INTO WILDLIFE 

CORRIDORS 

This configuration works for Wildlife Movement  



 Development Regulations & 
Guidelines 
-Preservation of natural 

vegetation, washes, OS 
-Minimize edge effects 
-Promote living with wildlife 

strategies  
-Density bonus 

 Land Conservation  
 -Acquisition & easements 

 -Transferring development rights 

 -Purchase of  development rights 

 Funding Strategies 
    -Open Space Programs and Tax 

Initiatives & Bonds 

    -Land Trusts 

 
 

 Collaboration 
 Mitigation 

-Crossing structures 
-Habitat enhancement 
-Water development 

 Wildlife Research, Monitoring 
and Adaptive Management 

 General Land Use Plans 
-Environmental goals or elements 

 



 

Wildlife-Associated Recreation Expenditures in Arizona 

$2.4 billion 

2011 National Survey of Fishing, Hunting, and Wildlife-

Associated Recreation (U.S. Fish & Wildlife Service; data collected by 

U.S. Bureau of Census) 

Of the 134 species of native 
mammals found in Arizona 
about 74 are found in the 
Sonoran Desert (Hoffmeister , 1986.  
Mammals of Arizona) 

 



Fishing and Hunting 

 $409.1 Expenditures 

 $515  Total Impact 
 $103 Salaries/Wages 

 5,382 Jobs 

 $21.1  State Tax Revenues 

 
Silberman J., 2004 

  

 $368 Expenditures 

 $690 Total Impact 
 $193  Salaries/Wages 

 6603  Jobs 

 $4.8 State Tax Revenues 

 
Southwick Associates, 2003 

Wildlife Recreation 



Quality of life issues rank open spaces, natural areas, and access to 

recreational lands near the top of Arizona residents’ lists. 

“The Arizona We Want”  

(Center for the Future of Arizona- 2009 Gallup Arizona Poll) 

www.ArizonaFuture.org 



 Habitat fragmentation & loss is impacting wildlife 

 Conserving corridors & linkages can mitigate 

 Wildlife research can inform design 

 Collaboration & Partnerships = solutions 

 Local plans can support statewide goals 

 Work for connectivity not against development 

 Plan for ecosystems not individuals; common species common  

 Wildlife are a valuable resource for Arizona 

 

 



Arizona Wildlife Linkages Workgroup 

 

 

 

 

 

 Maricopa Workshop Sponsors: 
 

Arizona Game and Fish Department, Arizona Department of Transportation, 
Arizona State University Global Institute of Sustainability, Flood Control District 
of Maricopa County (workshop host), Maricopa County Department of 
Transportation, Maricopa County (Board of Supervisors, Andy Kunasek), 
Northern Arizona University, Sonoran Institute  


