
 
 

NCHRP PROJECT 25-25 TASK 68 
 

Implementing Measures to Reduce Highway Impacts  
on Habitat Fragmentation 

 
 
 

Prepared for the AASHTO Standing Committee on the Environment 
 
 
 
 
 

Prepared by: 
 

The Louis Berger Group, Inc. 
Morristown, NJ 

 
 
 

 
 

 
 
 

August 2011 
 
 
 
 
 

The information contained in this report was prepared as part of NCHRP Project 25-25, Task 68, National 
Cooperative Highway Research Program, Transportation Research Board.   

 
SPECIAL NOTE:  This report IS NOT an official publication of the National Cooperative Highway Research Program, 

Transportation Research Board, National Research Council, or The National Academies. 

 



NCHRP Project 25-25 Task 68 

Implementing Measures to Reduce Highway Impacts on Habitat Fragmentation 

 

i 

 
Acknowledgements 

This study was requested by the American Association of State Highway and Transportation Officials 

(AASHTO), and conducted as part of National Cooperative Highway Research Program (NCHRP) Project 

25-25.  The NCHRP is supported by annual voluntary contributions from the state Departments of 

Transportation.  Project 25-25 is intended to fund quick response studies on behalf of the AASHTO 

Standing Committee on Environment.  The report was prepared by Mr. Edward Samanns of The Louis 

Berger Group, Inc. with assistance from Ms. Laura Sliker, Mr. Stephen Parker and Mr. Richard Bolton of 

The Louis Berger Group, Inc. The work was guided by a task group which included Ms. Frannie Brindle, 

Oregon State DOT, Ms. Judy Gates, North Carolina DOT; Mr. Paul Wagner, Washington State DOT, Mr. 

Simon Wray, Oregon Department of Fish & Wildlife; Ms. Debra Nelson, New York State DOT; and Ms. 

Mary Gray, FHWA.  The project was managed by Nanda Srinivasan, NCHRP Senior Program Officer.   

Disclaimer 

The opinions and conclusions expressed or implied are those of the research agency that performed the 

research and are not necessarily those of the Transportation Research Board or its sponsors.  The 

information contained in this document was taken directly from the submission of the author(s).  This 

document is not a report of the Transportation Board or of the National Research Council.   

 
NOTE: The Transportation Research Board of the National Academies, the National Research Council, 

the Federal Highway Administration, the American Association of State Highway and Transportation 

Officials, and the individual states participating in the National Cooperative Highway Research Program 

do not endorse products or manufacturers. Trade or manufacturers’ names appear herein solely 

because they are considered essential to the object of this report. 



NCHRP Project 25-25 Task 68 

Implementing Measures to Reduce Highway Impacts on Habitat Fragmentation 

 

TOC-1 

Table of Contents 

Page 
 
I. Introduction ................................................................................................................................1 

A. Objective of the Research ................................................................................................................. 1 

B. Purpose of this Decision Support Tool .............................................................................................. 1 

C. Use of Survey Results in Developing the Decision Support Tool ...................................................... 2 

II. State DOT Survey and Interviews..................................................................................................4 

A. Minimization Interviews ................................................................................................................... 4 

1. Methodology ................................................................................................................................. 4 

2. Results Summary ........................................................................................................................... 5 

B. Screener Survey for Habitat Fragmentation Avoidance and Compensation .................................... 7 

1. Methodology ................................................................................................................................. 7 

2. Results Summary ........................................................................................................................... 8 

C. Avoidance & Compensation Interviews ............................................................................................ 9 

1. Methodology ................................................................................................................................. 9 

2. Results Summary ......................................................................................................................... 10 

3. Avoidance During Statewide & Regional Planning ..................................................................... 11 

4. Avoidance During Project Planning ............................................................................................. 12 

5. Compensation ............................................................................................................................. 14 

III. Decision Support Tool for Habitat Fragmentation Solutions ........................................................ 18 

A. Habitat Fragmentation Background, Concepts and Terminology .................................................. 18 

B. Assessing Habitat Fragmentation and Mitigation Needs Based on Highway Improvement Type . 20 

C. Habitat Fragmentation Assessment within the NEPA Planning Process ........................................ 22 

1. Project Scoping ........................................................................................................................... 23 

2. Alternatives Analysis ................................................................................................................... 29 

3. DEIS, FEIS, Record of Decision & Permit Documentation ........................................................... 31 

4. Conceptual Habitat Fragmentation Decision Guide Flow Chart ................................................. 32 

5. Circumstance/Context Based List of Selected Mitigation Solutions ........................................... 38 

IV. Conclusions ............................................................................................................................... 52 

V. Bibliography .............................................................................................................................. 53 

 
 
 
 
 
 
  



NCHRP Project 25-25 Task 68 

Implementing Measures to Reduce Highway Impacts on Habitat Fragmentation 

 

TOC-2 

 

Table of Contents (Continued) 

Page 
 

List of Tables 
 
Table 1 Common Types of Roadway Projects ............................................................................... 11 
Table 2 Results Summary – Avoidance and Compensation Interviews ......................................... 16 
Table 3 Summary of Connectivity Solutions .................................................................................. 39 
Table 4 Summary of Patch Solutions ............................................................................................. 46 
Table 5 Summary of Estimated Costs of a Wildlife-Vehicle Collision for a Deer, Elk, and Moose 50 
Table 6 Summary Cost-Benefit of Mitigation Measures for Five DVCs per Km per Year .............. 51 
 
 

List of Figures 
Figure 1 Online Screener Survey Participation: July-August 2010 .......................................................... 8 
Figure 2 Conceptual Illustration of Habitat Patches as Cores, Corridors and Islands ........................... 19 
Figure 3  General Considerations for Habitat Fragmentation Assessment and Mitigation Needs....... 21 
Figure 4 Habitat Fragmentation Assessment within the NEPA Planning Process ................................ 23 
Figure 5 Conceptual Framework for a Habitat Fragmentation Decision Guide .................................... 33 
 
 

Appendices 
 
A. State DOT Minimization Questions and Interviews 
B. State DOT Screener Survey and Results 
C. State DOT Avoidance and Compensation Questions and Interviews 
 



NCHRP Project 25-25 Task 68 

Implementing Measures to Reduce Highway Impacts on Habitat Fragmentation 

 

1 

NCHRP Project 25-25 Task 68 
Implementing Measures to Reduce Highway Impacts on Habitat Fragmentation 

 

I. Introduction 
 

A. Objective of the Research  
 

The overall objective of the Task 68 research was to document existing techniques and measures used 

to assess, minimize and mitigate habitat fragmentation impacts during highway facility design. The 

product of this research is meant to assist state department of transportation (DOT) practitioners, 

regional environmental coordinators and other transportation and environmental professionals in 

identifying and recommending habitat fragmentation solutions that are cost effective, can be readily 

implemented using available technology, provide significant habitat connectivity benefits, and reduce 

overall transportation project impacts on wildlife. 

B. Purpose of this Decision Support Tool 
 

The information gathered as part of this research has been assembled into a Decision Support Tool that 

can be used to identify potential solutions to the fragmentation of both terrestrial and aquatic (non-fish) 

resources.  Terminology associated with habitat fragmentation and suggestions for ways to integrate 

consideration of habitat fragmentation into the National Environmental Policy Act (NEPA) process are 

presented in the decision support tool, as well as a Habitat Fragmentation Decision Guide.  

Section III of the decision support tool contains three subsections that present the background, 

guidance, and potential mitigation solutions that can be adopted to address habitat fragmentation 

impacts.  

 Subsection A provides background information on habitat fragmentation and definitions for 

 some of the key terms used in the memo and in the flow charts.  

Subsection B presents a flow chart titled General Considerations for Habitat Fragmentation 

Assessment and Mitigation Needs by Highway Improvement Type which outlines steps to 

consider prior to selection of habitat fragmentation mitigation solutions for different 

transportation project types: New construction, Reconstruction and Rehabilitation. The state 

DOT survey results indicated that these are the most common project types where habitat 

fragmentation and connectivity issues are addressed. The basic steps in the chart reflect current 

transportation agency practice as obtained from the state DOT interviews and additional 

research.   

 Subsection C provides further guidance for projects that involve new construction that may 

 involve multiple alternate alignments.  The section includes a flow chart on Habitat 

 Fragmentation Assessment within the NEPA Planning Process which provides key 

 considerations for conducting a habitat fragmentation assessment within the project scoping, 

 alternatives analysis, and record-of-decision/permitting process. Brief descriptions and potential 
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 sources of additional information are provided for each step in the habitat fragmentation 

 assessment procedure.  

A flow chart titled: Conceptual Framework for a Habitat Fragmentation Decision Guide along 

with descriptive text is provided to explain each step in the process of  evaluating potential 

fragmentation impacts leading to the selection of potential mitigation solutions for each 

alternative. 

 This section also presents a summary of Mitigation Solutions for habitat fragmentation in a table 

 format using connectivity solutions and patch (habitat) solutions that have been successfully 

 implemented or used by transportation agencies. A brief discussion of the organization of the 

 summary table and information sources is also provided. 

C. Use of Survey Results in Developing the Decision Support Tool 
 

The information and tools presented in this document were developed, in part, based on the results of 

an on-line survey and subsequent phone interviews. Eight state transportation agencies were 

interviewed with regards to minimization practices and 7 state transportation agencies were 

interviewed on avoidance and compensation practices.  The survey methods and results are presented 

in Section II. 

Several insights obtained through the survey and interviews of transportation agencies influenced the 

content of this document and are highlighted below. 

 Mitigation for habitat fragmentation is being performed for a variety of highway improvements 

including new construction, reconstruction, and rehabilitation types of projects. 

 Of the 8 states interviewed for avoidance measures, only two states, Texas and Maryland, 

reported having defined procedures for conducting landscape level habitat fragmentation 

analysis during the project planning stage. Subsequent research indicated that only five 

additional states appear to have similar programs. 

 Compliance with the Endangered Species Act and Clean Water Act (404 program) appear to be 

the main drivers for mitigating habitat fragmentation. Improving highway safety by reducing the 

potential for wildlife-vehicle collisions was another reason provided by some transportation 

agencies for adopting mitigation solutions. 

 Through the interviews, transportation agencies indicated that specific costs for mitigation 

measures, including long term maintenance, are generally not tracked separately or are not 

readily available. 

 Transportation agencies interviewed indicated that they generally did not implement long term 

or detailed monitoring programs to determine the effectiveness of mitigation actions. 

The survey and interviews revealed several methods that transportation agencies are currently using to 

address habitat fragmentation. Only a few states were found to have developed a process to assess 

habitat fragmentation at a landscape level.  A general framework is needed during project planning and 

alternative analysis when avoidance and minimization of impacts are most achievable.   
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There are many different approaches and scales for which a habitat fragmentation analysis can be 

performed and each practitioner needs to define the parameters of the adopted method to suit their 

specific needs. To consider mitigation solutions for any project type requires identifying impacts at the 

landscape and target species or species group in order to select appropriate mitigation solutions; 

therefore, this document includes a framework for assessing habitat fragmentation that is applicable 

and scalable to any project type. 
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II. State DOT Survey and Interviews  
 

To identify and recommend solutions that provide significant habitat connectivity benefits, and are cost 

effective and immediately implementable using readily available technology, the following outreach was 

conducted with State DOTs across the country:  

 8 Minimization Phone Interviews  (selected states based on NCHRP Report 615) 

 1 Online Screener Survey  (to determine Avoidance & Compensation candidates) 

 7 Avoidance & Compensation Phone Interviews  (based on results of Online Screener Survey) 

The following section describes the results of this outreach.  The online screener survey was run while 

the minimization interviews were being conducted, and based on the results of the screener survey, 

interviews were conducted with 7 states that were found to have such avoidance & compensation 

techniques in place and were willing to discuss them further. The results of the two sets of interviews 

assisted in the development of the flow chart by identifying key steps and techniques to assess and 

mitigate the impacts of existing and planned highway development on aquatic and terrestrial habitat 

fragmentation, based in part on the actual experiences of State DOTs.   

A. Minimization Interviews   
 

1. Methodology  

Phone interviews were conducted with eight state DOTs to discuss more in-depth their efforts 
at minimizing habitat fragmentation impacts by providing either terrestrial or aquatic (non-fish) 
passages or crossings.  To aid in selecting states for interview in Task 68, the results of a 
comprehensive survey conducted in NCHRP Report 615: Evaluation of the Use and Effectiveness 
of Wildlife Crossings (2008) were used.  The survey in Report 615 attempted to capture the 
number of wildlife crossings per state, province or territory in North America as of 2007.  After 
reviewing the results of the Report 615 survey, the four U.S. states with the highest number of 
terrestrial crossings and the four states with the most aquatic crossings were contacted to see if 
they were interested in participating in a telephone interview to discuss these minimization 
efforts further under NCHRP Task 68.  If any of these states were not available, the next state 
with the highest number of crossings was contacted until a participant could be established.  
Efforts were also made to maintain regional representation among states when possible.   

The states that ultimately participated in Minimization interviews were: 

1. Vermont  (terrestrial) 

2. Arizona (terrestrial) 

3. Florida  (terrestrial) 

4. Idaho  (terrestrial) 

5. California (aquatic) 

6. Georgia (aquatic) 

7. Connecticut (aquatic) 

8. Minnesota (aquatic) 
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Interview questions were developed and reviewed by the NCHRP Panel prior to conducting the phone 

interviews.  The intent of the questions was not to examine the state of the science, since this has 

already been studied, but instead how to insert the science into common practice.  The questions were 

directed at finding out how practitioners are changing or adopting new processes to address 

minimization of habitat fragmentation, what specifically drives the change,  how performance and 

success are defined, how performance and success are monitored and where the best dollars: results 

ratios are obtained.  The original questionnaire can be found in Appendix A.   

2. Results Summary 

 

Summaries of the eight phone interviews are presented below, while the full write-up of each interview 

can be found in Appendix A. Some issues that were common to all interviews are that cost was reported 

to be a prohibitive factor in building bigger and better crossings.  Land acquisition and topography issues 

were also found to be common limiting factors in using the desired crossing technique.  Agency 

collaboration was mentioned as an important element by all states, especially during the identification 

of hotspots and sensitive areas. Pre-construction monitoring was also found to be important in order to 

establish a baseline for monitoring.  In most cases it was found that post-construction monitoring is not 

usually required and is therefore lacking, unless it is a condition of a permit (associated with a wetland 

or in the case of aquatics).  It was also found that most states do not have separate cost tracking 

methods for the cost of maintaining crossing structures and fencing.   

Literature review conducted throughout this research revealed that the issue of crossings for aquatic 

species has been rather well addressed through guidance and regulations. Some states indicated during 

the interviews that while semi-aquatic species most likely benefit from some of the practices applied to 

fish, non-fish species have not been the main focus in constructing these passages.  

Specific to terrestrial species, most states noted that safety is very closely linked with minimizing 

terrestrial habitat fragmentation.  If the minimization of habitat fragmentation can be shown to increase 

safety to motorists on the roads, the dedication of time, effort and funding to create adequate 

terrestrial passages is more likely to be widely accepted. 

 Terrestrial 

Arizona Department of Transportation developed a process to address habitat fragmentation with its 

Wildlife Linkages program.  The program included a Workgroup of nine public agencies and nonprofit 

organizations with the mission “To identify and promote wildlife habitat connectivity using a 

collaborative, science based effort to provide safe passage for people and wildlife”.  Arizona radio 

tagged hundreds of terrestrial species, including desert tortoise, and monitors their movements in order 

to identify hot spots both before and after construction of highways in order to determine success 

based on similar animal movements.  Engineers at ADOT understand that each species reacts differently 

and that crossings are designed for different purposes.  While the overall purpose of a crossing is to 

minimize disruption of habitat connectivity, it has been found that fencing and undercrossing provide 

the greatest ecological benefit to dollar cost, while also considering safety of motorists.  
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Florida has a wide variety of terrestrial species to consider in its program, from panthers to crocodiles, 

while also dealing with the obstacle of constructing crossings at sea level and frequently in wetlands.  

Fencing has been found to be beneficial, along with underpasses where practical.  Florida has also been 

using Roadside Animal Detection System (RADS) which involves a sensor that activates a notification 

system to alert drivers when a panther or other large animal steps into the right of way.  Florida also 

uses DNA studies and radio collaring in studying animal populations.  Success is determined by whether 

the target species is using the crossing, the effectiveness of which is monitored by using motion sensor 

cameras.  Success can also be measured by whether there was a reduction in roadkill in the area of the 

feature.   

In contrast to growing states like Arizona and Florida, the Vermont Agency of Transportation (VTrans) 

has taken a different approach.  Vermont has decided to focus on its existing infrastructure, rather than 

building new roads, via its “Road to Affordability” initiative.  VTrans has developed a GIS model for 

habitat linkage so that they can assess their existing facilities and the few small projects that they do 

have that involve building new roadways.  VTrans advocates for the use of longer and oversized bridge 

spans when doing bridge replacements.  Since Vermont’s few highways were built in the 1950’s and 

60’s, wildlife was not monitored at that time to provide a baseline.  However, for those crossings which 

do have baseline data, VTrans uses remote and digital infrared cameras, track beds/pads, visual 

monitoring, tagging and recapture. 

 Idaho is in the process of finishing up a very large crossing project, funded by stimulus dollars, which 

may be the first officially monitored project by the Transportation Department. This project will 

facilitate wildlife crossing for elk and deer in an area that has been identified as a safety concern due to 

the high number of collisions between motorists and wildlife.  Idaho has also identified linkages and 

wildlife-vehicle collision locations which are being incorporated into a database.  The practice of building 

bridges and culverts wider to accommodate passage has been found to be the technique that provides 

the greatest ecological benefit to dollar cost.  

Aquatic (Non-Fish) 

California’s aquatic passages are designed in accordance with California Senate Bill 857, which 

amended California Fish and Game Code in 2005 to incorporate specific provisions regarding 

Caltrans’ progress in removing barriers to fish passage, superseding the management of non-fish 

aquatics.  However, anadromous fish and other aquatic species that use the same habitat such as 

amphibians and reptiles will benefit from some of the practices in California.  Common practices include 

the use of culvert baffles, fish ladders and bridges instead of culverts.  Caltrans has a Wildlife Crossing 

Guidance Manual and wildlife crossing website that provides methods for assessing proposed projects 

that focus on aquatic and semi-aquatic species permeability.  Sites are monitored if required following 

an established mitigation and monitoring plan.  

Since 2005, Connecticut DOT (ConnDOT) has incorporated new U.S. Army Corps of Engineers (ACOE) 

specific culvert crossing criteria into design of both new and replacement culverts.  Channel work and 

rock work, including rock weirs and veins which incorporate natural streambed material back into the 

environment, have been found to be the most effective practices providing the greatest ecological 
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benefit to dollar cost.    Approximately 1/3 of ConnDOT projects involve the use of in-stream rock weirs 

or veins for bank or channel stabilization which also adds habitat value. While trout seem to benefit the 

most from these practices, any species including invertebrates that can utilize the structures will and do 

benefit.  The gradation of natural material creates natural crevices for invertebrates to use.  Monitoring 

is conducted if required by a permit.  

For Georgia DOT (GDOT), the most commonly used aquatic habitat sensitive design features are a result 

of the US ACE (Savannah District) Regional Conditions which require GDOT to look at channel spanning 

using bridges as part of permit review process.  GDOT has found that bridging is the technique that 

provides the greatest ecological benefit to dollar cost.  Generally bridges benefit most species that 

Georgia deals with including trout, federally protected darters, freshwater mussels, flatwater 

salamander, bog turtle, and terrapin.  But while bridging may be most beneficial it is also the most costly 

technique.  No formal monitoring is performed.   

Minnesota DOT’s (MnDOT) liaison to the Department of Natural Resources (DNR) reported that MnDOT 

uses passage benches in bridges and finds them to be very beneficial, even for the local fisherman.  They 

have been successful in showing that wildlife passages can benefit not only wildlife, but humans as well; 

in this case fishermen have used the benches for safe crossing under bridges.  They have also had 

success with recessed culverts and have the state universities studying both the benches and the 

culverts to help MnDOT revise their design manual.  MnDOT also has a detailed Best Practices Manual, 

developed with DNR, which directs the early agency coordination process.  MnDOT’s creation of the 

DNR-DOT liaison position can also be credited with promoting a successful agency-department 

relationship and coordination process.     

B. Screener Survey for Habitat Fragmentation Avoidance and 

Compensation  
 

1. Methodology 

 

An online screener survey was developed in accordance with NCHRP guidance and is attached in 

Appendix B along with a full report of the results.  The online screener survey was developed with the 

intent of identifying states that: 

 
• Regularly use techniques for avoiding habitat fragmentation and habitat connectivity loss as it   

relates to highway projects;  

• Have established methods of compensating for these types of impacts to habitats and wildlife 

resulting from highway projects;  

• Commonly utilize habitat connectivity solutions;  

• Are willing to contribute further to this research by participating in a follow-up telephone 

interview.  

 
An email was sent to the Environmental Director at each state DOT on July 6, 2010.  This email included 

an explanation of the Task 68 research and a live link to the online screener survey, hosted by Survey 
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Gizmo.  It was requested that the states complete the 10- question survey by August 1, 2010.  On August 

4, a second round of emails was sent out to all State DOTs extending the survey deadline to September 

1, 2010.  The online survey was officially closed on September 7, 2010.  During this two month period, a 

total of 24 states participated in the online screener survey as shown in Figure 1. 

2. Results Summary 

 

The results of the online screener survey indicate that the 71% of the 24 states that completed the 

online survey do incorporate the State Wildlife Action Plan (SWAP), and/or consider natural resource 

protection, wildlife and/or stream corridors or critical habitat for threatened and endangered species in 

their statewide or regional transportation planning processes.  However, 50% of the planning processes 

do not contain written objectives such as “maintain habitat connectivity” or “minimize habitat 

fragmentation”.  Fifty-eight percent of the states responding have both mechanisms in place to 

proactively address connectivity rather than reactively mitigate as well as have priority areas for habitat 

protection/connectivity and/or have state or regional habitat connectivity plans.  Sixty-seven percent of 

states have critical habitat mapping, terrestrial and aquatic wildlife corridors, and/or other information 

readily available during the transportation planning process.   

Figure 1 Online Screener Survey Participation: July-August 2010 
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Twelve of the states responding confirmed that their state has adopted mitigation strategies for impacts 

due to habitat fragmentation and loss of connectivity for projects.  Those twelve states then indicated 

that the predominant forms of mitigation that took place were preservation, enhancement and 

restoration.  Nine of these states approximated that there were less than 10 projects that used  

mitigation for habitat fragmentation in the last ten years.   

When considering  mitigation for habitat fragmentation and loss of connectivity of habitats, 75% of the 

states responding said that potential mitigation sites are weighted differently based on connectivity to 

adjacent habitats.  Additionally, 75% of states indicated that regulatory agencies do require post-

construction monitoring of compensation mitigation to determine if they are effective or meeting 

performance goals.   

Three quarters of the states that took the online survey volunteered to participate in a telephone 

interview to examine their Avoidance & Compensation techniques more in-depth.  Taking into 

consideration affirmative answers provided as well as geographical diversity, the following DOTs from 

seven states and the Commonwealth of Puerto Rico were pursued for Avoidance & Compensation 

interviews:  

1. Oregon 

2. Arkansas 

3. Indiana 

4. New York 

5. New Hampshire 

6. Maryland 

7. Puerto Rico 

8. Hawaii 

 

C. Avoidance & Compensation Interviews  
 

1. Methodology  

 

Phone interviews were conducted with state DOTs to explore their efforts at avoiding habitat 

fragmentation during the regional planning process as well as at the project planning level.  The 

interviews also investigated whether states have methods of compensating for habitat fragmentation 

and connectivity loss when impacts to habitat were found to be unavoidable, and how those methods 

work.   The interviews were conducted via telephone and lasted, on average, 60 minutes each.  

The states were selected for interview by examining the responses to the online screener survey which 

was conducted in July-August 2010.  The results of this survey were reported in the October 1, 2010 

Task 2 Memorandum.  Selection was based on the number of affirmative responses provided by each 

state and also whether a state was willing to discuss the topic further, as indicated by their response to 

that specific survey question. Taking into consideration previous participation in the Minimization 

interviews as well as geographical distribution, if a state indicated that they were willing to participate in 

the phone interview, every effort was made to contact that state and set up an interview.  However, 
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some of the states that were originally selected for interview either did not respond or were unavailable 

to participate and it was necessary to find replacements.  Ultimately, only seven states were available to 

participate in this round of interviews and they are as follows:  

1. Oregon 

2. Arkansas 

3. Indiana 

4. New York 

5. New Hampshire 

6. Maryland 

7. Texas 

Interview questions were developed and reviewed by the NCHRP Panel prior to conducting the phone 

interviews.  The intent of the questions was to examine the efforts made by states to avoid fragmenting 

habitat during statewide and regional planning and also at the state DOT project planning level.  The 

questions also looked at what types of mitigation activities state DOTs are involved in and if the 

compensation is intended to directly address habitat loss, or whether that is indirectly addressed 

through the process.  The questions were somewhat structured around the answers provided by the 

states in their online screener survey responses, and were adjusted accordingly during the phone 

interview to be specific to each state’s particular strengths or challenges.  A copy of these questions can 

be found in Appendix C of this memorandum.  

2. Results Summary 

 

As explained above, the interview questions were grouped into three categories:  

 Avoidance during Statewide and Regional Planning 

 Avoidance during Project Planning 

 Compensation 

While a full write-up of each interview can be found in Appendix C, below are some of the highlights 

from the phone interviews in each of the three categories.  When considering each state DOT’s current 

methods for avoiding and/or compensating for habitat fragmentation it is helpful to bear in mind the 

type of roadway project that is currently the most common in each state.  The table below shows the 

type of projects indicated by the state to be most common at the time these interviews were 

conducted.  A table is also presented at the end of the summary to aid in order to provide an overview 

of the avoidance and compensation interview results.  
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Table 1 Common Types of Roadway Projects 
 

State Most common type of roadway project 

AR Capacity improvements 

IN New alignments, major projects 

MD System preservation/maintenance 

NH Safety and intersection improvements 

NY Safety improvements/maintenance 

OR Preservation/ maintenance 

TX New projects and rehabs 

 
 

3. Avoidance During Statewide & Regional Planning 

 

Several states are taking positive strides towards avoiding habitat fragmentation at the statewide 

and/or regional planning level by making a shift towards an ecosystem-based approach.  

According to Arkansas State Highway and Transportation Department, connectivity issues are rarely 

considered at the regional planning level unless listed species are involved.  Habitat fragmentation 

issues are usually handled during the Endangered Species Act Section 7 consultation process between 

FHWA and the USFWS.  

For instance, Indiana Department of Transportation (INDOT) is working with Indiana Department of 

Natural Resources (DNR) on a habitat-based study that will prioritize areas within watersheds and 

ecoregions and give INDOT a framework to use towards efforts at avoiding habitat fragmentation at the 

statewide and regional planning level.  The study is based on the Indiana Forest Management Plan.  

Maryland State Highway Administration (SHA) uses a Geographic Information System (GIS) tool called 

“Green Infrastructure” (GI) that was recently developed and is still being introduced throughout the SHA 

and recently to regional planners and to Metropolitan Planning Organizations for use in their long range 

planning efforts.  The GI assessment includes everything in the undeveloped environment which was 

mapped in GIS and is now used to screen projects at the statewide level.  The GI tool identifies critical 

areas known as hubs and corridors and, in turn, SHA makes every effort to minimize impacts. Some 

Maryland counties are also developing their own versions of the tool.  The GI Tool utilizes an Eco-logical 

approach/ systems approach, rather than a species-specific approach.   

New Hampshire DOT (NHDOT) is taking a local approach by working with the NH Audubon Society to 

develop guidelines for considering habitat fragmentation and to implement them in municipalities.  

NHDOT has been making efforts to get municipalities and regional planning commissions to examine 

and consider conservation lands in the area before they suggest new roads to be placed on the 10-year 

plan for funding.   They also use New Hampshire's Geographically Referenced Analysis and Information 

Transfer System (GRANIT) to determine sensitive habitat and areas to avoid during corridor planning and 

regional planning.  
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The New York State Comprehensive Wildlife Conservation Strategy identifies the protection of land in 

large blocks of unfragmented forests, as a conservation priority. However, at this time, most 

connectivity issues are dealt with on a case-by-case basis.   

Oregon has recently published Wildlife Linkages data available for planners to use for consideration of 

habitat connectivity across highways and major roads.  Oregon Department of Fish and Wildlife (ODFW) 

has recently funded a Habitat Connectivity Biologist position whose sole focus is addressing wildlife 

movement, habitat fragmentation, and connectivity at a statewide level. The creation of this position 

was a result of the Oregon Conservation Strategy (OCS) written by ODFW to fulfill the requirements of 

the congressionally created State Wildlife Grants Program. 

Texas Department of Transportation (TxDOT) has developed the Texas Conservation Action Plan (TCAP) 

which will be put into action in early 2011. TCAP will be the central planning document for natural 

resources when developing a project.  TCAP includes the construction of a detailed mapping database of 

potential habitats and, listed species and/or records of occurrence based on the NatureServe Ecological 

System Classification System. The project is in its third year of a 5-year duration.  Under a Memorandum 

of Agreement (MOA) with Texas Parks and Wildlife Department (TPWD), TxDOT provides training on 

how to use the tool in exchange for access to the data. However, since access is controlled due to 

concerns with releasing information on rare plants and animals, regional planners must send a request 

and get information through coordination with TPWD until they can be properly trained on the system.  

Texas is making a conscientious effort towards an ecosystem-based approach, as demonstrated by their 

mapping efforts to redefine ecoregions to be more in-line with EPA designations and promote 

consistency across state boundaries.   

4. Avoidance During Project Planning 

 

When it comes to avoiding habitat fragmentation at the project level, nearly all of the states interviewed 

relied on a strong working relationship and open communication with resource and regulatory agencies 

to help them identify potential impacts to habitat resulting from highway projects.  

Arkansas State Highway and Transportation Department (AHTD) makes an effort to avoid impacts to 

habitat during the “cursory review” phase where personnel determine if proposed project corridors may 

potentially impact listed or sensitive species or habitats based on known occurrences.  AHTD relies on 

comments received from USFWS and other natural resource/regulatory agencies following initial review 

of the NEPA document with regards to habitat fragmentation and/or connectivity.  

For Indiana DOT, the earliest stage at which habitat is considered is during the NEPA process at the step 

that they refer to as “red flag” step, which occurs after scoping/field visits and before meetings with 

regulatory agencies.  Red Flag issues are put into a commitments database, along with 

recommendations from regulatory agencies and responses.  Habitat fragmentation is not generally 

considered unless it is specifically received as an official written concern from an agency.    

Maryland SHA develops preliminary alternatives using their GI Tool and looks at connectivity in the 

project area, determining what alternatives would have the biggest impact and highlighting more viable 

alternatives.  If impacts cannot be avoided, then efforts are made towards stewardship.  The GI Tool is 
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also used at the project planning level, and can be tailored to individual projects, particularly major 

capital and high visibility projects.  This approach involves intense data collection and analysis of project 

study area watersheds, and the use of an optimization model for stewardship and/or mitigation 

opportunities.  Maryland SHA also has Concurrence Points in their project development process as well 

as monthly project review meetings with the resource agencies during which they may express concerns 

about habitat fragmentation at any time. There are also new MD Department of Environmental 

Protection (DEP) rules for stormwater management during Environmental Site Design. The rules 

encourage a move away from ponds and towards more linear designs which will reduce the project 

footprint and minimize impacts to habitat.  

At the project level, NHDOT uses the GRANIT system to help identify natural resources and avoid 

impacting habitat.  Letters are sent out as soon as a project is proposed to agencies and town officials to 

inquire about the area in which the project may be located to determine if they know of any issues 

associated with the project area.  If a critical issue is identified, a meeting will be held.  Natural resource 

agencies may express concerns about habitat fragmentation at monthly meetings involving the state 

and federal agencies.  When a project comes up, and there are issues regarding natural resources or 

habitat, it will be presented at these monthly meeting to obtain comments.  Meetings may occur several 

times during the course of design and alignment options may be altered based on comments.   

New York State DOT has not had many large projects requiring an alternatives analysis and as a result, 

have not yet developed a standard procedure to identify potential wildlife habitat fragmentation 

impacts at this time.  However, agencies may express their concerns about habitat fragmentation during 

the NEPA process or during design phase meetings.   

For large-scale planning and projects requiring an Environmental Impact Statement (EIS), Oregon DOT 

conducts interagency statewide multi-agency forums.  Decision points in the process allow for resource 

agency input.  ODOT is also one of the few states interviewed that does include impacts to wildlife 

resulting from proposed roadway-generated noise in the impact analysis, but only when listed species 

are involved (e.g., northern spotted owl, bald eagle, etc.).    

When it comes to avoiding habitat fragmentation during project planning, TxDOT has found that it is 

more effective to have all agencies and stakeholders involved as early in the project development 

process as possible so that they can think about avoidance and compensation in the early stages even if 

the project design is only 0-20% complete.  The issue of fragmentation is discussed during alternatives 

analysis and is addressed in environmental documents as part of impacts and indirect and cumulative 

impacts analysis. TxDOT looks for, and expects to see a discussion of fragmentation in these documents. 

In terms of stormwater management, TxDOT is currently studying things like Permeable Friction Course 

which is a permeable roadway that allows the roadway to act as a filter.  This type of technology can 

reduce the size of stormwater facilities and associated impacts.  TxDOT has always included impacts to 

wildlife resulting from proposed roadway-generated noise in the impact analysis because they consider 

impacts at the landscape scale with an eye towards the future.  
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5. Compensation  

 

The interviews revealed that some states are looking beyond the standard wetland mitigation rules 

when considering compensation for impacts to habitat and connectivity.  

Mitigation is not typically required solely for habitat loss resulting from highway projects in Arkansas 

unless the land is owned by a state, federal or local government or enrolled in a federal program like the 

Wetlands Reserve Program.   

INDOT has a Woody Revegetation Program for any stream crossing, new bridge or bridge replacement, 

which functions as a banking program.   It is based on re-establishing a wooded corridor as close to the 

structure as possible, based on the riparian corridor upstream and downstream.   For each qualifying 

project, INDOT has a landscape architect look at the potential to do replanting within the right of way.  

The Woody Revegetation Program is voluntary on the part of INDOT and these projects are audited and 

the riparian plantings are monitored so that they may be applied as compensatory credit on other 

projects.  Also noteworthy is that INDOT has been funding liaison positions at the U.S. Army Corps of 

Engineers (USACE), USFWS and the Indiana Department of Environmental Management (DEM) for 

specific projects for the past three years.  It has been shown that liaisons improve review times, 

communication, and regulatory interpretation.   

Mitigation for wildlife habitat fragmented by highway projects is not required at this time in Maryland.   

New Hampshire DOT uses a compensatory mitigation ratio table to compensate for impacts from 

habitat fragmentation. The most common forms of mitigation are preservation, enhancement and 

restoration.  There is also a watershed-based in-lieu fee program run by New Hampshire Department of 

Environmental Services (DES).  The resource agencies have been known to include special permit 

conditions which specifically address habitat fragmentation/connectivity compensation.  

 In New York, the amount of mitigation required for habitat fragmentation is based on negotiation with 

resource agencies.  The New York State Department of Transportation (NYSDOT) uses preservation, 

enhancement, and creation types of mitigation; however, habitat mitigation is not used often enough 

for any type to be considered common.  In general, close proximity/connectivity to adjacent habitats is 

preferred when considering mitigation for habitat fragmentation and loss of connectivity of habitats.    

Compensation monitoring includes population sampling (e.g., Indiana bat mist netting), observation of 

conservation measures (e.g., nest box use, crossing use, planting survival), and road kill surveys.  

Resource agencies have included special permit conditions which specifically address habitat 

fragmentation/connectivity compensation. 

Compensatory wetland mitigation and mitigation for habitat for listed species are the most common 

types of compensation that Oregon DOT uses.  For listed species, restoration and enhancement are 

most common. Oregon natural resource agencies do not accept the purchase of bank credits for the 

mitigation of habitat fragmentation and connectivity loss. There is a mitigation requirement for 

connectivity at the EIS level, which is project specific.  
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 In Texas, there is a mechanism in place through an existing agreement with resource agencies that 

allows for mitigation to replace impacts from habitat fragmentation of non-federally regulated 

resources, but it is not often used.  With the new TCAP, TxDOT is looking at ways to implement a more 

rigorous system for calculating impacts.  The most common types of compensation TxDOT uses 

specifically for habitat mitigation are preservation, enhancement, restoration, creation, and in-lieu fee.  

There is an expectation that in the near future, in-lieu fee will be more predominantly used as TxDOT is 

looking at ways to use banking for wildlife impacts.  Resource agencies have included special permit 

conditions that specifically address habitat fragmentation/connectivity compensation in the form of 

temporary, enforceable conditions in a Section 7 Biological Opinion.   

Summary Table 

The table below summarizes the results of the avoidance and compensation interviews by major topics 
for which the states provided information.   
 
 



NCHRP Project 25-25 Task 68 

Implementing Measures to Reduce Highway Impacts on Habitat Fragmentation 

 

16 

Table 2 Results Summary – Avoidance and Compensation Interviews 
 

State 

How states avoid habitat 
fragmentation during 
Statewide & Regional 

Planning efforts 

How states avoid Habitat 
Fragmentation at the 
project planning stage 

 Mitigation for habitat loss/ 
fragmentation 

(requirements and use) 

Stream/river crossing 
protocols that consider 

aquatic habitat and 
fluvial process 

requirements in addition 
to hydraulic criteria? 

Agencies in this state 
have included special 
conditions in permits 

with regards to habitat 
fragmentation. 

Arkansas 
Issues rarely considered at this 
level unless listed species are 

involved 

ID potential habitats during 
alt. dev. and initial review 
by DOT personnel. Receive 
comments from agencies 

during NEPA review 
process. 

 Mitigation is not required for 
habitat loss unless owned by 
a state, federal or local gov. 

or enrolled in a federal 
program. 

No Not specified 

Indiana 
A study is being developed to 

prioritize areas within 
watersheds and ecoregions 

Issues are flagged after 
scoping/field visits. 

Agency comments & 
recommendations received 

during NEPA process.  

 Mitigation is not required for 
fragmentation, but adjacent 
habitat and connectivity is 

considered when identifying 
sites.  They are looking to 

implement a program. 

Yes Not specified 

Maryland 
Green Infrastructure Tool , IDs 
critical areas, used to screen 
projects at statewide level. 

GI Tool is used to avoid 
impacts. 

Agency input at 
concurrence points. 

 Mitigation is not required for 
habitat fragmentation.    

Yes Yes 

New 
Hampshire 

Working with municipalities 
and promoting awareness, 

developing guidelines, some 
GIS use (GRANIT) 

Use of GRANIT, town 
involvement, federal and 

state natural resource 
agencies meet at monthly 

meetings and provide 
input. 

NH compensates for habitat 
fragmentation using; 

preservation, enhancement , 
restoration, ILF.   

Yes Yes 
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Table 2 Results Summary – Avoidance and Compensation Interviews (Continued) 
 

New York 
Reducing fragmentation is 

identified as a state priority 
but no maps are available 

NY Natural Heritage data is 
used. Rely on agency 
comments on NEPA 

documents or during 
design phase (for non-

NEPA). 

NY compensates for habitat 
fragmentation (infrequently) 

using; preservation, 
enhancement, creation.  

Yes Yes 

Oregon 

Statewide Planning Goal 5 
addresses fragmentation and 
some use of Wildlife Linkages 

GIS mapping 

Agency input during 
forums and at decision 

points during the 
alternatives analysis. 

Compensation for listed 
species habitat at the EIS 

level only, it is project-
specific. 

Consider habitat; Yes  
Fluvial processes; Yes 

Not specified 

Texas 
TCAP GIS mapping of 

ecoregions can be accessed 
via coordination with TWPD 

Fragmentation is discussed 
during alt. analysis and 
addressed in impacts 

assessments. 

Texas has a process for 
compensating for habitat 

fragmentation, but is used 
infrequently. Preservation, 
enhancement, restoration, 

creation, ILF.   

Yes Yes 
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III. Decision Support Tool for Habitat Fragmentation Solutions 
  

A. Habitat Fragmentation Background, Concepts and Terminology 
 

Habitat fragmentation refers to the process of severing previously continuous habitat (or ecosystems) 

into smaller and spatially separated patches of habitat by human-induced and natural processes. (ELI 

2003).  Causes of habitat fragmentation include land conversion to agriculture, housing and commercial 

development, natural resource extraction (e.g. mining, forestry, oil/gas recovery), transportation 

corridors, utility corridors, and natural disturbances like wildfire, wind, or flooding. Fragmentation 

results in the reduction in the area of natural habitats that can lead to changes in ecosystem functions 

and wildlife populations.  Suburban and rural development commonly change patterns of habitat 

continuity of natural forests, grasslands, wetlands, and coastal areas as a result of adding fences, roads, 

houses, landscaping, and other development activities (Dale et al. 2000). 

Roadway impacts to the natural environment are well-documented, but it has only been in the last two 

decades that extensive research into the role of transportation projects on habitat fragmentation and 

connectivity has been performed. This research has led to a new and growing understanding of both the 

effects of roadways on landscape processes and larger ecosystems, and methods to assess, minimize 

and compensate for unavoidable impacts. Habitat fragmentation in general is a threat to biological 

diversity in the United States (Wilcove et al 1998). For transportation projects, the potential changes, or 

impacts, to landscapes can vary in significance by project, ecosystem and species. Some of the potential 

effects of habitat fragmentation include (Gunderson, et al. 2005): 

 Reduction in genetic exchange/loss of species population 

 Reduction in species diversity/distribution 

 Increase in wildlife-vehicle collisions 

 Reduction in habitat quality (water quality, noise, plant community change/invasive plants) 

 Loss of habitat connectivity 

Clevenger and Huijser (2011) provide a concise overview of the mechanisms for these impacts.  Key 

terms and concepts associated with habitat fragmentation which are used in the habitat assessment 

process and in this decision support tool are explained here since there are several uses of these or 

similar terms in the practice. Figure 2 also provides a schematic to clarify some habitat fragmentation 

terms and concepts. 

 

 Connectivity- the degree of connectedness across a defined landscape that facilitates or 

impedes species movement among terrestrial and aquatic habitats (Taylor et al, 1993; 

Tischendorf and Fahrig, 2000). 

 Patch– a relatively homogeneous type of habitat that is spatially separated from other similar 

habitat and differs from its surroundings (Forman, 1995; McGarigal and Marks, 1995). 



NCHRP Project 25-25 Task 68 

Implementing Measures to Reduce Highway Impacts on Habitat Fragmentation 

 

19 

 Core-a patch of habitat which supports a population which can serve as a source for other 

habitat patches regardless of connectivity (Baur, et al, 1995; Porej et al, 2004). 

 Island- a patch of habitat separated by natural or artificial means from other patches of the 

same habitat (Fernández-Juricic and Jokimäki, 2001; Jennersten et al, 1992).  

 Corridor -a land feature that connects core areas allowing species movement and connection 

between areas of natural habitat enabling the ecological network to function. Corridors can be 

continuous strips of land or stepping stones that are patches of suitable habitat (Beier and Noss 

1988; Bennett, 1990; Forman, 1995; Dramstad et al, 1996; Fischer et al, 2000). 

 Landscape Scale - a larger area of land containing a variety of habitat patches or landscape 

elements which depicts the extent and function of existing networks. A landscape is not 

necessarily defined by its size; rather, it is defined by an interacting mosaic of patches relevant 

to the phenomenon under consideration (at any landscape scale) (Forman, 1999; Harris et al, 

1996; Turner, 1989). 

 Target (focal) species –individual or group of species chosen to represent the movement and 

habitat needs of wildlife species in the study area. Target species should include: (a) species 

narrowly dependent on a single habitat type, (b) area sensitive species, and (c) species most 

sensitive to barriers (Majka, D., J. et al, 2007).  

 Habitat Networks or Linkages (Terrestrial/Aquatic) - a functionally interconnected chain of 

natural habitats across a landscape that contains core areas, corridors, and buffer zones that are 

relatively close to each other, thereby allowing for the movement of species between and 

within the network elements (Davidson, 1996; Opdam, 2002; Marcott, 2006; Kallimanis, 2008).  

Figure 2 Conceptual Illustration of Habitat Patches as Cores, Corridors and Islands 
 

 

 

 

 

 

 

 

 

 

 

 

 

The following section provides a framework for assessing habitat fragmentation impacts and mitigation 

needs for different highway improvement types. Section C provides an overview of the key elements of 

habitat fragmentation analysis within the context of the NEPA process.  
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B. Assessing Habitat Fragmentation and Mitigation Needs Based on 

Highway Improvement Type 
 

Based on the transportation agency interviews, habitat fragmentation impacts are addressed for 

different highway improvement types. Figure 3 provides a general framework that outlines key 

components for assessing habitat fragmentation for different highway improvement types. Highway 

improvement types addressed in Figure 3 are defined below (FHWA, 1997). 

 1. New Construction - this action involves the construction of a new highway facility where 

 nothing of its type currently exists. 

 2. Reconstruction – this action involves a major change to an existing highway within the same 

 general right-of-way corridor.  This may include capacity improvements or may involve making 

 substantial modifications to an older highway's horizontal and vertical alignment in order to 

 eliminate safety and accident problems. 

 3. Resurfacing, Restoration, Rehabilitation (3Rs) – these actions primarily serve the preservation 

 and extension of the service life of existing facilities and on safety enhancements. The types of 

 improvements may include resurfacing, pavement, structural and joint repair, minor lane and 

 shoulder widening, minor alterations to  vertical grades and horizontal curves, bridge repair, and 

 removal or protection of roadside obstacles. 

New construction projects involve a new roadway alignment that can be more complex and require a 

larger investment of time to complete a landscape level analysis of habitat fragmentation impacts, often 

as part of a NEPA study. The process depicted in Figure 3 is simplified to show only the basic steps that 

should be performed prior to determining the need and type of mitigation required. Similar to 

reconstruction and rehabilitation projects, the process begins with the analysis of the baseline 

conditions and the identification of potential impacts for alternatives, prior to the step of identifying 

mitigation needs for either connectivity or patch impacts. Once the nature of the potential impacts is 

defined, potential mitigation solutions can be reviewed and evaluated (Tables 3 and 4).   

The basic difference between new construction and reconstruction/rehabilitation improvements is that 

the latter occurs along an established transportation corridor where initial impacts to wildlife habitat 

and connectivity occurred with the original construction. The process to define habitat fragmentation 

and identify target species can be much simpler for these projects since the project corridor is 

established, and the existing structures (culverts, underpasses, overpasses, bridges) and potential 

wildlife crossings are in place. For instance, if a reconstruction/rehabilitation project involves the 

replacement of a single culvert or reconstruction of a single bridge, then a landscape level assessment of 

habitat fragmentation is not necessary. In this case the practitioner may only need to define the target 

species or wildlife species group, assess types of structures and current use by wildlife, and identify the 

mitigation need. The practioners can then proceed directly to the list of mitigation solutions for 

connectivity to begin evaluating mitigation options (Tables 3 and 4). The complexity of the assessment 

process depends on the project scope, target species and other issues. The level of effort and complexity 

of analysis may increase depending upon site and project specific conditions.  
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Figure 3  General Considerations for Habitat Fragmentation Assessment and Mitigation Needs   
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Unique to reconstruction/rehabilitation projects is the opportunity to survey and characterize the 

physical features of existing structures and assess their functional potential for wildlife passage (Figure 

3). Examples of procedures to evaluate existing structures are available. Several states have prepared 

manuals for the assessment of existing culverts for aquatic wildlife passage. While the manuals focus 

primarily on fish and not aquatic mammals, the principals for documenting and evaluating existing 

structures for the passage of aquatic wildlife are applicable.  Similar manuals or guidelines for evaluating 

existing structures for use by terrestrial wildlife have not been identified through the literature review.  

Figure 4 is a schematic of a Habitat Fragmentation Assessment within the NEPA Process that provides a 

conceptual framework for conducting a landscape level habitat fragmentation analysis within the NEPA 

process. Section C includes a more detailed discussion on the information needs and process to conduct 

an analysis and define project impacts.  A conceptual decision guide is described in the following section 

that is designed to facilitate the selection of mitigation solutions for connectivity and patch impacts. The 

information contained in these sections represents a general conceptual approach that can be scaled to 

apply to any size of highway improvement project.  It is not a comprehensive approach and it is not an 

NCHRP policy statement.  

C. Habitat Fragmentation Assessment within the NEPA Planning 

Process  
 

The incorporation of habitat fragmentation assessments into transportation planning and the project 

scoping phase of a project is one  example of a method to address broader ecosystem level concerns for 

habitat fragmentation and connectivity, and is consistent with the recommendations in the National 

Academy of Sciences report “Assessing and Managing the Ecological Impacts of Paved Roads” to 

address ecological effects of roads on a broader scale (Gunderson et al, 2005).  In addition, through the 

surveys of transportation agencies for avoidance measures, it was clear that most avoidance actions are 

conducted at the beginning of the project development, and that several State DOTs utilize GIS-based 

systems to prioritize fragmentation avoidance. Integrating habitat fragmentation into project planning 

provides greater opportunity for the avoidance of potential impacts to critical habitats and connectivity 

points within a landscape, and allows for advanced planning for minimization and  mitigation solutions 

in coordination with regulatory and resource agencies.  To address the process of avoidance and provide 

information sources useful to the implementation of habitat fragmentation and connectivity 

assessments, an example flow chart (Figure 4: Habitat Fragmentation Assessment within the NEPA 

Planning Process) was prepared to illustrate  potential steps involved and their likely placement within 

the NEPA process. A discussion of each step in the process is provided below along with references and 

links to additional information. It should be noted that this is an example framework only that is 

presented strictly for informational purposes; other valid methods may be employed to accomplish 

similar results. 
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1. Project Scoping 

For habitat fragmentation assessments conducted under NEPA, the Project Scoping phase is the initial 

opportunity to evaluate the project location within the context of the regional landscape and habitat 

fragmentation issues. The evaluation process begins with the assembly of existing information prior to  

Figure 4 Habitat Fragmentation Assessment within the NEPA Planning Process 
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the agency and public scoping meetings (pre-scoping meeting steps 1 through 3) so that key elements 

for the landscape and resource information can be collated and provided to agency partners. Through 

the scoping meetings, several decisions relative to habitat fragmentation assessment would be resolved 

(steps 4 through 8) prior to conducting the baseline habitat fragmentation analysis during the 

Alternatives Analysis phase. 

Pre-Scoping Meeting 

Prior to the Scoping Meeting it will be useful to assemble information that can be used to guide 

discussions of habitat fragmentation with the objective of refining the landscape scale of the study area, 

defining target or focal species, and setting objectives for habitat fragmentation analysis. The following 

steps serve as illustrative steps for practitioners to follow or amend per their specific needs. 

 Step 1: Defining/Refining a landscape scale for the study area. 

This section guides the user through the considerations used in the selection of a landscape level study 

area that is scaled appropriately to the particular project. The project may range from a new roadway 

alignment with multiple alternatives, to a capacity and safety improvement at an existing interchange, 

to a simple rehabilitation or preservation project along an existing roadway. When setting the landscape 

scale for any project size, the following items should be considered: 

 Define the landscape scale as broadly as possible: Prior to attending a Scoping Meeting with 

agency partners, the initial landscape scale should be set to encompass a landscape area that 

encompasses all potential areas that could be affected by the project.  For larger projects, the 

extent of the study area should include project limits as defined in the Project Need statement 

or Statewide Transportation Improvement Plan (STIP). Wildlife movements extend beyond 

typical transportation project study areas.    In its broadest sense, the landscape scale study area 

should reasonably include the project limits where the roadway design will result in traffic 

volume increases extending out to encompass habitats that could be affected (fragmented) by 

the construction of the alternative(s). A project study area encompassing all reasonable 

alternatives should be considered.   

 Utilize available Geographic Information Systems (GIS) database information and aerials: The 

use of GIS is integral with the mapping and spatial analysis associated with habitat 

fragmentation assessments. Typically, states and most federal agencies have GIS database 

sources that are publicly available and are potentially useful to provide base map information. 

An example of an on-line source includes the USGS Landcover Database for all of North America 

(http://landcover.usgs.gov/landcoverdata.php), and the University of Oregon’s Library system 

which maintains links to a national clearinghouse  for state and federal  GIS data 

(http://libweb.uoregon.edu/map/map_section/map_Statedatasets.html). Data sources that are 

useful in assessing the study area landscape include: 

o Digital Aerial photographs 

o Wetland and Land Use Cover mapping 

http://landcover.usgs.gov/landcoverdata.php
http://landcover.usgs.gov/landcoverdata.php
http://libweb.uoregon.edu/map/map_section/map_Statedatasets.html
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o Topography and soils 

o Watershed or Hydrologic Unit Code (HUC) boundaries 

o Natural Lands, Parks, Wilderness Areas, Wildlife Refuges, National Forests, Forest 
Reserves, Recreational Areas, and other managed or protected natural areas. 

o Land ownership, land use zoning and urban growth zones  

 Review pertinent information sources: Most federal and state agencies have a variety of 

natural resource databases, inventories and other information sources that can be used to 

initially identify regionally significant ecosystems, wildlife species of concern, critical habitats 

and habitat corridors. This information is useful in defining potential target species, species at 

risk, and key landscape features and objectives for maintaining or improving habitat 

connectivity. Examples of information to review include: 

o Watershed Management Plans 

o State Wildlife Action Plans (http://www.wildlifeactionplans.org) 

o Natural Resource Management Plans 

o State Natural Heritage Database 

o State or Federal Resource Agency Data 

o County or local community tax maps/property ownership data 

o NatureServe (http://www.natureserve.org) 

In addition to these information sources, locations of known concentrations of wildlife-vehicle collisions, 

or hotspots, should be incorporated into the baseline information. Hotspot data may not be readily 

available but methods to collect and analyze the data are available and are discussed in Bissonette and 

Cramer (2008). 

 Determine the Watershed Boundaries:  Aquatic resource networks are defined in part by 

watershed boundaries and resources within individual networks should be tracked based on the 

watershed level. Using watersheds as a landscape unit is also recommended for consistency 

with other regulatory programs, including the US Army Corps of Engineers (USACE) and US 

Environmental Protection Agency (USEPA) use of a watershed approach in reviewing Clean 

Water Act related impacts and compensatory mitigation. Most aquatic resource impacts would 

also be regulated under this program. Hydrologic Unit Codes (HUC) at the 11-digit to 14-digit 

level is typically used by USACE. When defining the watershed limits for the study area, the 

boundaries should encompass the outermost project traffic nodes and all of the adjacent HUCs.  

If HUC data at the 11-digit or 14-digit level is not available, then watershed limits can be 

developed using a Digital Elevation Model (DEM) and the Strahler stream order hierarchy 

(Strahler, 1957), or GIS based tools. 

Resources that can be consulted for more information concerning this step include: 

 www.virginiadot.org/vtrc/main/online_reports/pdf/07-r14.pdf 

 www.floridahabitat.org/wildlife-manual/transportation 

 www.wsdot.wa.gov/NR/rdonlyres/7337015A-40F0-4DAE 

 Majka, D., J. Jenness, and P. Beier. 2007. Corridor Designer: ArcGIS tools for designing and evaluating 

corridors. Available at http://corridordesign.org 

http://www.natureserve.org/
http://www.virginiadot.org/vtrc/main/online_reports/pdf/07-r14.pdf
http://www.floridahabitat.org/wildlife-manual/transportation
http://www.wsdot.wa.gov/NR/rdonlyres/7337015A-40F0-4DAE
http://corridordesign.org/
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Once the initial landscape level study area map is prepared, the terrestrial and aquatic habitat networks 

should be prepared prior to the project Scoping Meeting.  

 Step 2: Define Terrestrial and Aquatic Habitat Networks 

The identification of habitat networks (or linkages) can be accomplished using current high resolution 

aerial photo coverage combined with available GIS databases (topography, natural heritage data, land 

use, etc) as available.  Delineation of the terrestrial and aquatic habitat networks consists of delineating 

linked habitats, or patches, distributed along and among definable natural corridors. The linkages may 

be physical and/or could be linked based on a species’ use of the habitat.  An example of a physical 

linkage is a stream and its associated forested riparian corridor.  On the other hand, neo-tropical 

migrant bird species may use physically separated habitat (e.g. mature forest patches made up of 

certain species/age composition).   Species movement between and use of separate patches creates the 

connectivity or network.  Information obtained in Step 1, such as Critical Habitats, protected lands and 

heritage database locations, should be utilized to develop the habitat network map for the landscape 

study area. Patch refinement is discussed further in Step 6.0. Incorporating knowledge of potential 

target species and their use of habitats in the study area can be used at this stage to initially define 

networks for these species.    

The habitat network map is a very useful figure and can be used in agency meetings.   Some states are 

developing habitat (patch/corridor) network or “linkages” mapping as part of a State Wildlife Action Plan 

(SWAP) or similar plans and should be referenced or adopted as appropriate. Resources that provide 

additional information useful to define habitat networks include: 

 www.environment.fhwa.dot.gov/integ/case_texas.asp/  

 www.aot.state.vt.us/TechServices/EnvPermit/Documents/Wildlife_Linkage_Habitat_Report_5_
15_06.pdf 

 www.azconservation.org/projects/natural_infrastructure/data_sources 

  http://restoretherockies.wordpress.com/ 
 
 Step 3: Establish Agency Partners 

Habitat fragmentation analysis requires the direct input from resource and regulatory agency partners 

to properly frame the assessment process, beginning with the establishment of the landscape scale of 

the study area through to the establishment of appropriate mitigation strategies. Agency partners often 

can provide data sources and expertise to guide the fragmentation impact analysis process. Their “buy-

in” to the evaluation process is essential so that critical decision points and project schedules can be 

maintained while also meeting the overall project purpose and need. Examples of typical agency 

partners include State wildlife resource agencies and the U.S. Fish and Wildlife Service.  

The Wildlife and Roads Decision Guide (http://www.wildlifeandroads.org/decisionguide) developed 

under NCHRP 25-27 provides relevant guidelines that assist in determining the agency partners.  

Scoping Meetings 

The objectives of a scoping meeting with the agency partners include: 

http://www.environment.fhwa.dot.gov/integ/case_texas.asp
http://www.aot.state.vt.us/TechServices/EnvPermit/Documents/Wildlife_Linkage_Habitat_Report_5_15_06.pdf
http://www.aot.state.vt.us/TechServices/EnvPermit/Documents/Wildlife_Linkage_Habitat_Report_5_15_06.pdf
http://www.azconservation.org/projects/natural_infrastructure/data_sources
http://restoretherockies.wordpress.com/
http://www.wildlifeandroads.org/decisionguide
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1. Identify target species and define minimum patch size requirements for target species, 

particularly through coordination with resource agency partners. 

2. Solidify the limits of habitat networks and define components of the habitat networks. 

3. Create working habitat linkage maps that can be refined as field work progresses. 

4. Compile input and supporting documentation of existing conditions.  

The identification of target species habitat, minimum patch sizes, species life history details and other 

noteworthy habitat qualities for targeted species is predicated on resource agency coordination. The 

habitat networks and study area limits will likely need some refining to accommodate the home range 

and/or dispersal distance of particular target species. Critical information gleaned from resource agency 

coordination during this step is key to forming the framework and assumptions for future analysis of 

fragmentation, including impacts analysis and mitigation decision-making. This process begins with the 

project scoping meeting and ideally would be completed before the alternatives analysis so as to inform 

the decisions made during the alternatives development. 

  Step 4: Set Goals and Objectives with Agency Partners for Habitat Fragmentation Reduction 
 
At the onset of coordination with Agency partners, the project team should establish a set of reasonable 

goals and objectives for the habitat fragmentation assessment process, with the overall objective of not 

increasing the effects of habitat fragmentation and connectivity loss due to project construction. The 

goals and objectives should be reviewed and amended periodically as additional project information is 

obtained. Some considerations for developing goals: 

 avoidance of impacts to habitat corridors; 

 minimizing impacts to habitat corridors; 

 maintaining habitat integrity to the greatest extent possible; 

 replacement/mitigation of habitats lost; 

 target species goals 

Clevenger and Ford (in Beckmann et al, 2010) discusses ecological functions of wildlife corridors that can 

be considered in the development of goals and objectives such as: 

1. Reduced mortality and increased movement (genetic interchange) within a population 

2. Meeting biological requirements such as finding food, cover, and mates 

3. Dispersal from maternal or natal ranges and re-colonization after long absences 

4. Redistribution of populations in response to environmental changes and natural disturbances 

(e.g., fire, drought);movement or migration during stressful years of low reproduction or 

survival 

5. Long-term maintenance of meta populations, community stability, and ecosystem processes 

 Step 5: Define Target (Focal) Species 
 
Through coordination with agency partners, target species for the habitat fragmentation assessment 

should be identified. Obtaining early consensus on the number and types of species to be evaluated is 

essential to maintaining a streamlined process. Once a target species has been identified, it is important 
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to become familiar with its lifecycle requirements, especially any habitat specific attributes. These 

attributes can align with minimum patch size thresholds and habitat connectivity needs.  

 Step 6: Define Minimum Patch Size for Target Species 

The minimum patch size is an area threshold for a particular habitat that is sufficient to sustain a 

population of a given species. “Particular habitat” is a quality dependent variable associated with the life 

cycle/habitat needs of the target species. The user should clearly describe and define the minimum 

patch size of the target species based on available references and input from federal and state resource 

agencies, non-government organizations and regional expertise.  The minimum patch size will also aid in 

the planning for  mitigation of patch impacts at a later stage.  

 Step 7: Define and Map Habitat Cores, Corridors and Islands 

The main objective of this step is to structure an assessment of landscape connectivity and identify 

habitat networks common to both existing and proposed conditions so that comparisons can be made 

during the alternatives analysis phase.  

The key objectives include: 

 1) To identify the baseline habitat network components; Cores, Corridors , and Islands 

 2) To describe or depict the level of connectivity through each habitat network. 

 3) To assign a functional score to these features  

 
Using the definitions adopted for the project-specific habitat assessment, the habitat networks are 

divided into respective cores, corridors and islands. The identification of cores, corridors and islands is 

directed by the target species and the assumptions which guide the user’s delineation of these features 

should be documented and accompany any maps or figures.  

The functional assessment of cores, corridors and islands is more subjective. The assumptions which 

guide the user’s delineation of these features, particularly any qualitative scoring of these features, 

should be explained and accompanied by maps or figures. There are many methods for qualitatively 

scoring network components, though some  simple metrics are presented here which relate back to 

basic fragmentation factors: size, shape, and location/configuration (ELI 2003).  

Federal and state wildlife agencies may have their own preferred metrics that can be incorporated in to 

the process. Examples of scoring methods can be reviewed at the following sites: 

 www.virginiadot.org/vtrc/main/online_reports/pdf/07-r14.pdf 

 www.floridahabitat.org/wildlife-manual/transportation 

 www.wsdot.wa.gov/NR/rdonlyres/7337015A-40F0-4DAE-9408-

D2D88FD32B6C/0/SR167study1.pdf 

  

http://www.virginiadot.org/vtrc/main/online_reports/pdf/07-r14.pdf
http://www.floridahabitat.org/wildlife-manual/transportation
http://www.wsdot.wa.gov/NR/rdonlyres/7337015A-40F0-4DAE-9408-D2D88FD32B6C/0/SR167study1.pdf
http://www.wsdot.wa.gov/NR/rdonlyres/7337015A-40F0-4DAE-9408-D2D88FD32B6C/0/SR167study1.pdf
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Step 8: Develop GIS Maps of Habitat Linkages 

At this step the practitioner should refine the maps which were created in Step 1.  The practitioner 

should incorporate resource agency feedback and identify the most functionally intact components of 

each habitat network. Information gleaned from resource agency coordination during this step is key to 

forming the framework and assumptions for future impacts analysis and  mitigation decision making. 

Completion of this step before the alternatives analysis is necessary since this information will support 

the determination of critical areas to avoid impacts and opportunities for minimization and 

compensation of potential impacts.  

A toolkit of free software and accompanying instructions for developing, identifying, and assessing 
habitat linkages is available on-line at www.corridordesign.org. This information has been used in the 
development of conservation plans for the Southern Rockies Ecosystem Project. Reviewing and drawing 
upon the experience of the Southern Rockies Ecosystem Project website 
(http://restoretherockies.wordpress.com/) is highly recommended.  
 

2. Alternatives Analysis 

 

Following the completion of the project scoping, development of the baseline habitat network, and a 

landscape level assessment of habitat fragmentation, an assessment of project alternatives can be 

performed. At this point in a typical project timeline the alternatives have been identified and initial 

efforts to avoid critical habitats and habitat fragmentation impacts can be incorporated in the initial 

alignment selections using the habitat network mapping. The impact analysis is also predicated on 

having an understanding of the habitat features of the target species and familiarity with the qualities of 

habitats present along each alternative. The GIS mapping and modeling process does not supplant the 

need for gathering field data to support mapping and model assumptions: knowledge of field conditions 

is implied throughout the assessment process. 

The level of effort and detail required for this assessment is dependent upon the size and complexity of 

the project (culvert replacement versus new alignment), complexity of the project landscape (urban vs. 

rural), number of target species, requirements for data collection through field work, and other factors. 

The three main steps of this process, as outlined in Figure 4, are discussed in turn below. 

 Step 1.0: Complete Habitat Fragmentation Impact Analysis 

The objective of this step is to assess the direct and secondary impacts of each proposed alternative 

within a habitat network for each individual target species or species group. The impact assessment 

requires design information for each alterative including the roadway alignment, profile, lane and right-

of-way width, limit of construction, anticipated culvert and/or bridge locations, and stormwater facilities 

and conveyances. Operational details that assist in addressing potential impacts include changes in 

traffic volumes, noise levels, and estimated annual salt loads. Landscape disturbance processes that 

influence and maintain some habitats and species requirements suitability, such as periodic flooding, 

wild fire, landslides and sediment loads, can also be altered by transportation projects. In certain 

circumstances, project designs could influence these natural processes and result in a change to the 

habitat networks.   

http://www.corridordesign.org/
http://restoretherockies.wordpress.com/
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  Step 1.1: Describe Impact on Individual Cores, Islands, Corridors and Connectivity 
 
The potential direct impacts of each alternative can be quantified for each target species by overlaying 

the project features with the habitat network maps. Quantitative estimates of direct impacts to habitat 

acreages and connectivity changes (corridor impacts) can be documented for each alternative.  As part 

of this process, opportunities for impact avoidance and minimization can be identified for further 

evaluation. 

Methods for the assessment of secondary impacts on wildlife (habitat degradation and functional loss) 

are not well established, are typically based on professional opinion and agency coordination, and 

mostly qualitative. Methods to estimate the acreage of effect and the degree of effect will vary by 

species and habitat types. Determining an appropriate level of mitigation, if any, to offset secondary 

impacts may be difficult to quantify and require a more subjective approach. Procedures for selecting 

appropriate mitigation measures for secondary impacts are also poorly defined. Procedural guidance on 

assessing secondary impacts is provided in the NCHRP 25-25 Task 11 Indirect and Cumulative Impacts 

Analysis (Stanley 2006). The report includes a flow chart for assessing secondary impacts within the 

NEPA planning process as well as case studies. 

  Step 1.2: Revise Alternatives to Avoid Impacts 
 
The objective of this step is to determine if potential impacts identified in Step 1.1 can be avoided 

through the alteration of the project design. The evaluation process and outcomes should be 

documented for each alternative. The evaluation should account for other potential impacts that may 

be imposed by a change in the alignment that avoids a habitat fragmentation impact, including cost 

considerations. Cost considerations should include potential changes that increase or decrease costs for 

roadway construction, residential/commercial displacements, wetland or other mitigation 

requirements, and other relevant items that would influence the decision for altering a proposed 

alignment.  

  Step 1.3: Identify Potential Minimization Solutions 
 
The objective of this step is to initially identify and evaluate potential minimization steps that could 

reduce connectivity impacts. These initial minimization solutions would focus on improving or 

maintaining permeability through the transportation corridor using structural approaches such as 

underpasses, overpasses and crosswalks. The Wildlife and Roads website 

(http://www.wildlifeandroads.org/) provides a complete decision guide for selecting appropriate 

measures to reduce wildlife-vehicle collisions that includes a variety of wildlife crossing structures. Using 

this reference, potential solutions can be identified, evaluated and either adopted as a means to 

minimize potential impacts or determined to be inappropriate for location.  

Resources that provide further guidance on minimization solutions for this step include: 

 http://www.wildlifeandroads.org/decisionguide/ 

 http://www.corridordesign.org/designing_corridors/linkage_designs/mitigating_barriers 

http://www.wildlifeandroads.org)/
http://www.wildlifeandroads.org/decisionguide/
http://www.corridordesign.org/designing_corridors/linkage_designs/mitigating_barriers
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 http://www.dnr.state.mn.us/waters/watermgmtsection/pwpermits/gp2004_0001_manual.html 

 http://www.dem.ri.gov/programs/benviron/water/permits/fresh/wetbmp.htm 

 Step 2.0: Summarize Habitat Fragmentation Analysis Results on Project 

At this step a comparative analysis of the refined impacts of each alternative can be completed. The 

impacts should reflect the avoidance and minimization steps considered in Steps 1.2 and 1.3. One 

approach is to utilize an environmental matrix that allows for side by side comparisons of each 

alternative by topic. For habitat fragmentation, the comparisons would be based on the project specific 

features of the habitat networks and target species, including estimates of affected acreage (direct and 

indirect) of cores, island and corridors, functional scores for connectivity gain/loss, or other metrics 

adopted in Step 1.  This information would assist the project team in selecting a preferred alternative 

and identify mitigation needs. 

 Step 3.0: Select Preferred Alternative 

Based on the analysis of potential environmental, social and land use impacts the preferred alternative 

that satisfies the projects purpose and need can be selected. Once selected, refinement of approaches 

to minimization impacts can be completed. The preferred alternative considering habitat fragmentation 

may or may not be the preferred NEPA alternative. The identification of potential mitigation options can 

also be conducted during the alternatives analysis process, but the final selection and evaluation of 

solutions is often completed following the identification of the preferred alternative and is discussed in 

the next section. 

3. DEIS, FEIS, Record of Decision & Permit Documentation 

 

As noted above, once the preferred alternative is identified and habitat fragmentation impacts are 

quantified then the evaluation of mitigation solutions that compensate for those impacts can be 

completed. Identifying mitigation opportunities should be initiated as early in the project planning phase 

as possible.  Advanced planning and agency coordination to identify opportunities is encouraged as part 

of the Ecological Approach (Brown, 2006). Mitigation projects themselves have been evaluated within 

EIS and EA documents as a part of the transportation project such that the entire action is 

comprehensively addressed. The process is presented here simply for the ease of review and discussion. 

Once mitigation is identified, evaluated as feasible and deemed appropriate by the project sponsor and 

agency partners, the elements of the mitigation plan can be incorporated into the commitments of the 

Record of Decision (ROD) and permit documents. 

The process generally includes the following steps: 

 1) Identification of mitigation opportunities 
 2) Evaluation of mitigation options 
 3) Evaluation of whether mitigation efforts result in a net gain in habitat function 
 4) Selection of  mitigation; defining of monitoring and maintenance requirements 
 
 

http://www.dnr.state.mn.us/waters/watermgmtsection/pwpermits/gp2004_0001_manual.html
http://www.dem.ri.gov/programs/benviron/water/permits/fresh/wetbmp.htm
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 Step 1: Identification of mitigation opportunities 

Mitigation opportunities can be identified as early as the Scoping Meeting and should include a robust 

list of sites and actions that can each be evaluated independently. Mitigation could include preservation, 

enhancement, restoration or creation of habitat.  Incorporating structures designed to facilitate wildlife 

passage and habitat connectivity could also serve as mitigation.  This effort typically occurs once the 

approximate extent of and nature of impacts is known and a screening study can be conducted around 

the anticipated mitigation needs.  

 Step 2: Evaluation of mitigation options 

Once the mitigation opportunities are identified, each option can be evaluated to determine if it is 

physically feasible, has impacts to other resources (T&E habitat, cultural resources, etc.), is cost 

effective, and is acceptable to agency partners and other stakeholders. As the number of options is 

reduced through the evaluation process, ongoing coordination with agency partners is critical to assure 

that the remaining options are considered suitable for the meeting the project needs, or if additional 

options need to be considered.  

 Step 3: Evaluation of mitigation efforts-do they result in a net gain in habitat  function 

The preferred mitigation options should be further evaluated to determine if the proposed action will 

result in a net gain in habitat function (i.e., improved connectivity or increase in patch size) for the target 

species. Comparisons of the mitigation options with proposed impacts are made to assess suitability of 

the proposed mitigation to offset or compensate for impacts.  

 Step 4: Selection of mitigation and defining of monitoring and maintenance requirements 

Once mitigation for the project is defined and advanced for further study, monitoring and maintenance 

requirements should be also be defined. These latter steps are important as they become part of the 

mitigation plan and incorporated into the ROD and permit documents. These measures also define long 

term budgetary commitments for the project sponsor, as well as serve as the means to determine if the 

mitigation goals and objectives for the project are being satisfied or if remedial action is necessary. 

4. Conceptual Habitat Fragmentation Decision Guide Flow Chart 

 

The Conceptual Framework for a Habitat Fragmentation Decision Guide (Figure 5) is described in this 

section. The premise of the conceptual Decision Guide is that the project impacts will dictate the types 

of mitigation solutions available, and that the solutions need to be tailored to the project. The Decision 

Guide is a series of basic questions to categorize habitat fragmentation impacts for a project during the 

NEPA Alternatives Analysis process. The Decision Guide leads to a series of potential solutions based on 

an affirmative answer to the sequence of questions. The questions require the practitioners to address 

whether the project alternative will impact a terrestrial habitat network, an aquatic resource network, 

or habitat patch. The process can be repeated for each alternative.  The information is then summarized 

in a final matrix to assist in the selection of a preferred alternative based on several factors.  
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Figure 5 Conceptual Framework for a Habitat Fragmentation Decision Guide 
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There are several prerequisites that support the use of the decision guide, namely: 

 1)  The habitat network within the study area has been defined; 
 2) Target species have been defined; 
 3) The minimum patch size for target species have been defined; 
 4) Habitat cores, islands and corridors are mapped. 
 5) Habitat fragmentation analysis has been completed. 
 
Each question in the guide requires the user to consider potential project impacts (both direct impacts 

and impairments to functions) to habitat cores, islands and connectivity (corridors). The analysis will 

require specific project information (as defined in the project scoping phase) which should be developed 

on a per project basis for specific project settings and target species. The process can also be used in an 

iterative process to compare alternatives and refine alignments.  A description of each main element 

within each numbered box on the flow chart (Figure 5) is provided below. 

Box 1.0 Connectivity 

The guide begins with the assessment of connectivity impacts to habitat networks (Box 1.1). Habitat 

networks, as defined in Section C above, consist of both terrestrial and aquatic resource networks.  

Box 1.1 Terrestrial Habitat Network:  Does the alternative prevent or impair terrestrial wildlife 

movement within or between habitat cores, or within an island?  

The practitioners will determine the potential of the project alternative to prevent or impair terrestrial 

wildlife movement within or between cores (along a corridor), or within an island.  Direct impacts to 

habitat cores, habitat islands or impairment impacts should be assessed throughout the length of the 

entire alternative.  The practitioner should assess the number of impacts, the acreage of direct impact 

and the affects of impairment. An affirmative answer leads the practitioners to a list of potential 

mitigation solutions (Box 1.1A).  A negative answer (lack of terrestrial habitat network impacts) directs 

the practitioner to Box 1.2 Aquatic Habitat Network. 

Box 1.1A Terrestrial Habitat Network Potential Solutions (Steps 1-4) 

Box 1.1A describes a 4 step process to develop a preliminary minimization/mitigation strategy and 

preliminary cost estimate for the alternative under consideration.   

Step 1.  Summarize terrestrial habitat connectivity impact (number of locations, degree of connectivity 

loss (full or partial), corridor acreage, habitat units, etc).  

All Terrestrial Habitat Network impacts for the alternative should be considered collectively.  The 

measure of impact such as number of corridors, corridor acreage, habitat units, or other measures may 

be used to quantify the impact of the entire project alternative.  The quantitative analysis will serve as 

the baseline measure of habitat and connectivity loss.  Mitigation will be designed to offset the baseline 

impact.  Natural systems may require 3 to 5 years or longer before developing and becoming fully 

functional. Mitigation ratios may exceed a 1 to 1 ratio of mitigation to impact.  Factors that determine 

mitigation ratios typically include the degree of functional loss (full or partial) that are lost by the 

impacted habitat type, duration  of time required for re-establishment of a habitat type and function, 
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and some measure of rarity of the habitat type.  Agencies may provide input on the mitigation ratio that 

will be required. 

Step 2. Review and select terrestrial connectivity solutions for minimization/compensation measures 

from summary table of connectivity mitigation solutions. The mitigation solutions for connectivity 

impacts can be reviewed and assessed for applicability to the project impacts based on species group, 

opportunity, effectiveness and cost.    

Step 3. Summarize measures and provide estimated costs (preliminary) for Terrestrial Habitat Network. 

A summary of Terrestrial Habitat Corridor avoidance, minimization, and mitigation measures should be 

prepared.  The number of crossings, acreage, habitat unit totals, and a preliminary estimate of costs for 

the measures should be totaled.  This will be carried into the summary prepared in Box 3.0 Habitat 

Fragmentation Summary Chart. 

Step 4. Go to 1.2 Aquatic Habitat Network  

Once the terrestrial habitat network is evaluated for the alternative the practitioner is directed to 

evaluate connectivity impacts to the aquatic habitat network. 

Box 1.2 Aquatic Habitat Network:  Will the Alternative cross a stream, river, wetland or water body? 

The first question directs the practitioner to assess if an alternative will cross part of an aquatic habitat 

network (stream, river, wetland or waterbody). If there are no crossings (and no impacts) then the 

practitioner is directed to 2.0 Patch. If the project crosses part of an aquatic habitat network then the 

practitioner is directed to Box 1.3 to assess if the crossing has the potential to become a barrier or 

impair connectivity. 

Box 1.3. Aquatic Habitat Network: Will the alternative crossing pose a potential impediment to the 

movement of aquatic species, or change water quality, flow/flood regimes or substrates that limit access 

to habitat?  

The practitioner will determine the potential of the project alternative to prevent or impair aquatic 

species movement within or between cores (along a corridor).  Direct impacts to cores or impairment of 

connectivity should be assessed throughout the length of the entire alternative.  The practitioner should 

assess the number of impacts, the acreage of direct impact and the effects of impairment. An 

affirmative answer leads the practitioner to a list of potential mitigation solutions (1.3A). A negative 

answer (lack of aquatic habitat network impacts) directs the practitioner to 2.0 Patches. 

Box 1.3A Aquatic Network Potential Solutions  

Box 1.3A describes a 4 step process to develop a preliminary aquatic habitat network 

minimization/mitigation strategy and preliminary cost estimate for the alternative under consideration.   

Step 1.  Summarize aquatic habitat connectivity impact (number of locations, degree of connectivity loss 

(full or partial), linear feet and acreage affected, habitat units, etc).  
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All Aquatic Habitat Network impacts for the alternative should be considered collectively.  The measure 

of impact such as number of corridors, corridor acreage, habitat units,  or other measures (stream 

mitigation impact units) may be used to quantify the impact of the entire project alternative.  The 

quantitative analysis will serve as the baseline measure of aquatic habitat and connectivity loss.  

Mitigation will be designed to offset the baseline impact.  Mitigation ratios have been discussed in 

Terrestrial Habitat Networks (1.1b).   

Step 2. Review and select aquatic connectivity solutions for minimization/compensation measures from 

summary table of connectivity mitigation solutions. The mitigation solutions for connectivity impacts 

can be reviewed and assessed for applicability to the project impacts based on species group, 

opportunity, effectiveness and cost.  

Step 3. Summarize measures and provide estimated costs (preliminary) for Aquatic Habitat Network. 

A summary of Aquatic Habitat Corridor avoidance, minimization, and mitigation measures should be 

prepared.  The number of crossings, acreage, habitat unit totals, and a preliminary estimate of costs for 

the measures should be totaled.  This will be carried into the summary of developed in Box 3.0 Habitat 

Fragmentation Summary Chart. 

Step 4. Go to Box 2.0 Patch  

Once completed, the practitioner is directed to continue the process to assess for impacts to Patch (2.0). 

Box 2.0 Patch (Habitat) Patches include cores and islands.  A core is a patch of habitat which supports a 

population which can serve as a source for other habitat patches regardless of connectivity.  An island is 

a patch of habitat separated by natural or artificial means from other patches of the same habitat.  

Section 2.0 is an assessment of impacts to habitat patches (cores and islands) for target species.   

Box 2.1 Patch Impacts: Does the alternative have the potential to impact/impair a habitat core/island or 

reduce core/island patch size?  

The practitioners will determine the potential of the project alternative to impact or impair habitat for 

target species. Direct impacts to habitat cores/islands (reduction in size or elimination) or impairment 

impacts should be assessed throughout the length of the entire alternative.  The practitioner should 

assess the number of cores/islands that are impacted, the acreage of direct impact and the effects of 

impairment. An affirmative answer leads the practitioners to a list of potential mitigation solutions 

(2.1.b).  A negative answer (lack of patch impacts) directs the practitioner to the summarization step for 

the alternate at 3.0. 

Box 2.1A Patch Impact Potential Solutions (Steps 1-4) 

Potential Solutions (Box 2.1A) describes a 4 step process to develop a preliminary 

minimization/mitigation strategy and preliminary cost estimate for the alternative under consideration.   

Step 1.  Summarize patch impacts for target species (acreage of core and/or island habitat, degree of 

impairment (full or partial), habitat units, etc).  
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All patch impacts for the alternative should be considered collectively.  The measure of impact such as 

the acreage of cores and islands impacted, habitat units, or other measures may be used to quantify the 

impact of the entire project alternative.  The quantitative analysis will serve as the baseline measure of 

habitat and connectivity loss.  Mitigation ratio determinations were discussed previously in Section 

1.1.A. 

Step 2. Review and select patch solutions for minimization/compensation measures from summary 

table of patch mitigation solutions. The mitigation solutions for patch impacts within the table can be 

reviewed and assessed for applicability to the project impacts based on species group, opportunity, 

effectiveness and cost.  

Step 3. Summarize measures and provide estimated costs (preliminary) for Patch. 

A summary of core/island avoidance, minimization, and mitigation measures should be prepared.  The 

number of crossings, acreage, habitat unit totals, and a preliminary estimate of mitigation costs for the 

measures should be totaled.  This will be carried into the summary of 3.0 Habitat Fragmentation 

Summary Chart. 

Step 4. Go To 3.0 Habitat Fragmentation Summary 

Results from the Patch analysis as well as terrestrial and aquatic habitat networks should be totaled as 

part of Box 3.0 Habitat Fragmentation Summary Chart. 

Box 3.0 Habitat Fragmentation Summary Chart (includes results from 1.1A, 1.3A, and 2.1A) 

For each alternative a summary of Habitat Fragmentation impacts, avoidance and minimization 

measures should be prepared. For each alternative the summary will include Terrestrial Habitat Network 

impacts/mitigation (1.1A); Aquatic Habitat Network impacts/mitigation (1.3A) and Patch 

impacts/mitigation (2.1A) should be totaled.   

Develop a comparative matrix for all alternatives.  The comparative matrix should include but not be 

limited to: 

  impacts (# of crossings, acres, habitat units) 

 minimization measures 

 mitigation measures 

 costs (preliminary) 

Select preferred alternative based on habitat fragmentation impacts/mitigation costs (preliminary). 

Alternatives should be compared to determine the least damaging alternative.  Impacts, minimization 

measures, and mitigation measures should be considered in the comparison.  Preliminary costs are also 

a factor in determining the preferred.  If the preferred alternative based on habitat fragmentation 

analysis is the same as the NEPA-preferred alternative, the practitioner should design final mitigation 

plan as part of the permitting of the project. 

In some cases the NEPA-preferred alternative may differ from the preferred identified by the habitat 

fragmentation analysis.  A final mitigation plan will be developed for the NEPA-preferred alternative 



NCHRP Project 25-25 Task 68 

Implementing Measures to Reduce Highway Impacts on Habitat Fragmentation 

 

38 

after the Record of Decision and simultaneously with permitting.   Designing mitigation plans will be 

developed as part of Task 4.0. 

5. Circumstance/Context Based List of Selected Mitigation Solutions  

 

Tables 3 and 4 present a list of mitigation solutions developed from the interviews with transportation 

agencies, reports and literature. Table 3 lists mitigation solutions specific for connectivity, and Table 4 

lists mitigation solutions specific for patch. Because the table reflects projects that, for the most part, 

have been constructed and have demonstrated effectiveness through monitoring, the solutions are 

considered to have immediacy of implementation, are cost-effective for specific situations, and have 

been accepted by resource agencies as mitigation measures. Each mitigation solution included has at 

least one project example. 

The tables are organized by types of solutions. Table 3 lists solutions to address connectivity impacts and 

Table 4 lists solutions to mitigate for patch impacts. Within each table, the mitigation solutions are 

further listed by size of structure followed by the species group that it serves. Each solution is also 

supported by one or more project examples with the corresponding reference. Design considerations, 

mitigation cost and other relevant factors are included when available. 

As described previously, the review and selection of potential mitigation solutions for habitat 

fragmentation should be preceded by an analysis of potential project impacts, or in the case of some 

reconstruction and rehabilitation projects, opportunities to restore connectivity due to past impacts.  

With an understanding of the type of fragmentation impact (connectivity or patch) and the target 

species that the mitigation solution should serve, practitioners can quickly find and review information 

pertaining to one or more mitigation options. Further evaluation to address the project-specific 

feasibility and effectiveness of any mitigation solution is required prior to advancing the mitigation 

solution into project design plans.  

A brief description of the main components of the table and relevant information sources are provided 

below.   

Type of Solution 

The tables are organized by the type of solution for either connectivity (Table 3) or patch (Table 4). As 

noted, the solutions represent mitigation solutions that have been implemented before and are 

supported by examples. For connectivity (Table 3) the solutions are organized into three general 

approaches: 1) Shift Alignment; 2) Install structure; and 3) Retrofit structure. Each addresses different 

approaches to facilitate wildlife passage. Under Install Structure further divisions are made to present 

more specific approaches based on type and size of structure. 
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Table 3  Summary of Connectivity Solutions 
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Table 3 Page 2 (Continued) 
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Table 3 Page 3 (Continued) 
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Table 3 Page 4 (Continued) 
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Table 3 Page 5 (Continued) 
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Table 3 Page 6 (Continued) 
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Table 3 Page 7 (Continued) 
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Table 4  Summary of Patch Solutions 
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Table 4 Page 2 (Continued)  
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In Table 4, Patch solutions are more direct, though fewer examples were identified by DOTs and in the 

literature. The list of solutions includes: 

1) Shift Alignment 

2) ROW Landscaping 

3) Reduce Road Corridor Width 

4) Habitat Patch Expansion 

5) Habitat Preservation 

6) Conservation/Wetland Bank Credit Purchase 

7) In-Lieu-Fee Payment 

Project examples were not available for each of these approaches; however, some elements that 

represent avoidance and minimization measures are common practice and included though not specific 

examples or project information is available. 

Species Group  

The wildlife species group or target species that may utilize or benefit from a solution is presented with 

the corresponding solution. This is perhaps the second most important consideration in evaluating 

suitable habitat fragmentation solutions for a project. Many of the solutions address a wide range of 

species, though project examples that discuss specific species are also presented. It should be noted 

that many species have specific behavioral traits that influence their use of a passage or overpass and 

the selected design needs to address these species-specific needs. 

Region 

The region/State to which the approach or example project is suitable is provided. Most solutions can be 

applied throughout the nation to address common species such as deer, though certain species (i.e. 

cougars, moose) have well defined ranges that restrict the regions in which the solutions would be 

applied. 

Mitigation Type 

The mitigation solution has been classified based on its anticipated type of mitigation, i.e. avoidance, 

minimization or compensation. In some circumstances, the solution can be a minimization or 

compensation action depending the location (on-site = minimization; off-site location = compensation).  

Timing of Solution/Evaluation 

The evaluation and adoption of a solution can occur at different stages in the project development and 

this section suggests the appropriate timing to adopt a mitigation solution.  Mitigation solutions that are 

avoidance and minimization approaches should be considered at the project planning stage, whereas 

compensation solutions can be considered at the project development/permitting stage. Exceptions 

occur such as efforts to identify advance mitigation opportunities for projects that are in keeping with 

the FHWA Ecological approach. 
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Impact Reduction Benefits 

This section summarizes some of the expected benefits of the mitigation solution that addresses habitat 

fragmentation impacts. Most connectivity solutions are expected to reduce wildlife-vehicle collisions 

and maintain biodiversity and genetic exchange within the target species population. While the 

expected effectiveness of the solution can be stated for WVC reduction based on on-going research, 

actual results are dependent upon site specific variables.  

Cost Estimates for Mitigation Solutions 

This section presents available cost information for the construction of mitigation solutions. The values 

sometimes include maintenance cost. Through the interviews and literature search it was clear that data 

for design, construction and maintenance cost for mitigation solutions is not readily available. Only a 

few states have started tracking environmental mitigation costs for stormwater, noise abatement, 

wetlands and streams separately from construction costs. A survey of state tracking methods for 

environmental mitigation by Wisconsin DOT in 2008 revealed that several states had initiated programs 

to better track project investments in environmental mitigation (WisDOT and CTC Associates, 2008). 

Since 2003, Washington State DOT has conducted surveys of environmental mitigation costs for a 

sample of projects every three years (WSDOT 2009). 

Huijser et al. (2009) used estimated construction and maintenance costs in 2007 dollars for 13 large 

ungulate mitigation measures to determine cost benefit values.  This data utilized project construction 

and maintenance cost data summarized from various sources and was presented in Appendix I of their 

report. This data was incorporated into Table 3 for connectivity solutions. Other data was included as 

available. 

Mitigation solutions for patch impacts due to habitat fragmentation were similarly lacking project 

specific cost information. Habitat enhancement and restoration cost information was derived from 

related wetland mitigation and other habitat improvements. These cost range widely depending upon 

the site location, land cost, type of restoration activity and many other factors. The cost of mitigating for 

wildlife habitat impacts was addressed by the Environmental Law Institute (ELI) in 2007 (ELI 2007) and 

served as a source for cost information for some measures. 

 ELI gathered cost information for wetland compensation projects that include preservation, 

enhancement, restoration, creation, in-lieu-fee programs and wetland bank credits from a variety of 

sources for a target year of 2003. ELI estimated average wetland compensation costs reported by Corps 

Districts ranged from a low of $15,000 to a high of $150,000 per acre in 2003 (ELI 2007).  In-lieu-fee and 

wetland bank credit costs varied widely across the nation. In-lieu-fee costs ranged from a low of $3,000 

to a high of $129,000 per acre, and wetland bank credit purchase costs ranged from $6000 to over 

$150,000 per wetland acre.  

Design Considerations 

This section presents information relevant for the design, placement and effectiveness of the mitigation 

solution obtained from the source information for the referenced project. This section is not expected to 

address all of the design considerations for the implementation of a mitigation solution. 
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Sources 

Information sources for the project examples are presented along with internet links to the papers or 

document referenced.  

Effectiveness of Mitigation Solutions 

The ecological, economic and social issues created by habitat fragmentation by highways are well 

documented in a variety of sources. The Wildlife-Vehicle Collision Reduction Study: Report to Congress 

(FHWA 2008; online at: http://www.fhwa.dot.gov/publications/research/safety/08034/08034.pdf) 

provides an overview of the extent and serious implications of wildlife-vehicle collisions (WVC). The 

average cost of a single WVC with a deer was estimated to be over $6,600, with an estimated total 

annual cost of $8,388,000,000 for all WVCs. A breakdown of the estimated cost for WVCs is presented in 

Table 3. These costs do not address the additional and harder to define economic and social costs 

related to the effects of habitat fragmentation such as reduced or altered ecological functions, effects 

on plant and wildlife productivity, changes in biodiversity, and human safety.  

Table 5: Summary of Estimated Costs 
Wildlife-Vehicle Collision for a Deer, Elk, and Moose 

 

Description  
 

Deer Elk Moose 

Vehicle repair costs per collision $1,840 $3,000 $4,000 
 

Human injuries per collision $2,702 $5,403 $10,807 
 

Human fatalities per collision $1,671 $6,683 $13,366 
 

Towing, accident attendance and investigation $125 $375 $500 
 

Monetary value animal per collision $2,000 $3,000 $2,000 
 

Carcass removal and disposal per collision $50 $100 $100 
 

Total $8,388 $18,561 $30,773 
Source: Wildlife-Vehicle Collision Reduction Study: Report to Congress (FHWA 2008). 

The analysis of cost effectiveness for a mitigation measure attempts to determine if the investment is 

worth the cost in terms of the measures performance. Based on the data in Table 3 reducing WVCs has a 

direct economic return; however, practioners need to understand if the return offsets the cost of 

implementing and maintaining the measures required to achieve that goal, and which measures may 

achieve that goal with the least cost. Unfortunately, cost-benefit analyses for mitigation measures are 

rare (Huijser et al, 2009). 

The NCHRP Report 615 (2008) report examined the research priorities for the evaluation of wildlife 

crossings and discussed the need for the development of procedures for estimating the cost-benefit and 

effectiveness of crossing structures to reduce wildlife-vehicle collisions. Information regarding the cost 

http://www.fhwa.dot.gov/publications/research/safety/08034/08034.pdf
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effectiveness of various mitigation solutions to offset habitat fragmentation impacts has only recently 

been compiled to address wildlife permeability (connectivity). These measures, such as underpasses or 

overpasses, typically require large investments in highway infrastructure. A summary of the estimated 

cost-benefit of measures to reduce Deer-Vehicle Collisions (DVCs) and improve wildlife permeability was 

assembled as part of the Wildlife-Vehicle Collision Reduction Study (FHWA 2008) and is presented in 

Table 6. In general, under and over passes and fencing were found to be cost-effective methods to 

reduce DVCs. 

Table 6: Summary Cost-Benefit of Mitigation Measures for Five DVCs per Km per Year 
 

Mitigation measure 
Cost 

($/km/yr) 
% DVC 

Reduction 
Benefit 

($/km/yr) 
Balance 

($/km/yr) 

Standard warning signs $18 0% $0 -$18 

Enhanced wildlife warning signs $249 ? ? ? 

Seasonal wildlife warning signs $27 26% $10,904 $10,878 

Animal detection systems (ADS) $31,300 82% $34,391 $3,091 

ADS linked to on-board computer ?* 82% $34,391 ? 

On-board animal detectors $2,225* ? ? ? 

Vegetation removal $500 38% $15,937 $15,437 

Deer reflectors and mirrors $495 0% $0 -$495 

Deer whistles $23.5* 0% $0 ? 

Carcass removal $250* ? ? ? 

Population culling $2,508 50% $20,970 $18,462 

Relocation $10,260 50% $20,970 $10,710 

Anti-fertility treatment $61,702 50% $20,970 -$40,732 

Fence (including dig barrier) $3,760 87% $36,488 $32,728 

Boulders in right of way $2,461 ? ? ? 

Long bridges $781,250 100% $41,940 -$739,310 

Long tunnels or long bridges $1,500,000 100% $41,940 -$1,458,060 

Fence with gap and warning signs $3,772 0% $0 -$3,772 

Fence with gap and crosswalk $5,585 40% $16,776 $11,191 

Fence with gap and ADS $9,930 82% $34,391 $24,461 

Fence with underpasses $5,860 87% $36,488 $30,628 

Fence with overpasses $26,485 87% $36,488 $10,003 

Fence with under- and overpasses $7,510 87% $36,488 $28,978 

Assumes 1 km with 5 DVCs per year. 

* Costs not in dollars/km/year, but in a different unit; see text. 

? = Unknown or uncertain. 

Source: Wildlife-Vehicle Collision Reduction Study: Report to Congress (FHWA 2008). 

 
Huijser et al (2009) presented a method for calculating the cost-benefit of thirteen mitigation measures 

(structures and other methods aimed at reducing wildlife-vehicle collisions) for large ungulates. The 

method incorporates cost factors such as construction and maintenance cost of structures and devices 

over their useful lifetime. The authors also address the effectiveness of types of approaches in terms of 

the percentage reduction in wildlife-vehicle collisions attributed to different approaches. This 
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information was incorporated into Table 3 where appropriate to address estimated costs of mitigation 

solutions. 

Similar studies of the cost effectiveness of patch-based mitigation approaches to reduce the effects of 

habitat fragmentation are not available, though the literature for assessing the success of wildlife 

habitat restoration and wetland mitigation in meeting performance standards is readily available.   

While the long-term cost benefits and savings from reducing WVCs using different approaches alone is 

compelling, additional benefits and savings from habitat fragmentation impact reduction may be 

achieved. The value of the benefits derived from maintaining ecosystem services, biodiversity, 

aesthetics, and recreation use attributable to habitat fragmentation reduction are not as well defined as 

for WVCs and can be an area for further research. 

IV. Conclusions 
As illustrated in the Decision Support Tool, there are several steps in the processes of habitat 

fragmentation assessment and the evaluation and selection of appropriate mitigation solutions.  These 

steps are based on information obtained through surveys of DOT staff actively engaged in assessing and 

mitigating habitat fragmentation impacts, and through a review of literature documenting both the 

assessment process and implementation of mitigation solutions. The tool is designed to illustrate a 

conceptual framework to assist practioners in thinking through the data collection, coordination and 

analysis steps to address key issues and questions related to habitat fragmentation.  The practioners are 

then directed to examples of solutions to mitigate connectivity and patch (habitat) impacts.  Assessing 

the effects of habitat fragmentation and evaluating appropriate mitigation solutions can be a complex 

undertaking that can require interdisciplinary experts in the fields of biology, ecology, hydrology and 

engineering. Practioners are encouraged to adopt a team approach when engaging in this type of 

assessment and in the selection of locations for mitigation solutions, especially when addressing 

connectivity. 

The Decision Support Tool also provides references to research papers, reports and methods for further 

review by practioners.  New research papers and reports are regularly published on related topics; the 

Decision Support Tool should be supplemented by new findings and approaches to habitat 

fragmentation assessment and mitigation solutions, especially on the species level.  

Several areas of further research were identified that could improve the decision process for the 

evaluation and adoption of mitigation solutions. There are few cost-benefit analyses for mitigation 

measures available (Huijser et al, 2009) and few transportation agencies track costs for mitigation 

measures and long term maintenance. Related to the costs of mitigation is a lack of long term or 

detailed monitoring programs to determine the effectiveness of mitigation actions. In addition, the 

monetary value derived from maintaining ecosystem services attributable to habitat connectivity and 

patch mitigation are not well defined. There is a need for further research and documentation of 

construction, maintenance and monitoring costs of mitigation solutions that can be paired with 

measures of effectiveness to aid transportation agencies in selecting cost effective solutions in the 

future. 
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