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NCHRP Project 2% Task 68
Implementing Measures to Reduce Highway Impacts on Habitat Fragmentation

l. Introduction

A.  Objective of the Research

The overall objective of the Task 68 research was to document existing techniques and measures used
to as®ss, minimize and mitigate habitat fragmentation impacts during highway facility design. The
product of thisresearch is meant to assist state department of transportation (DOT) practitioners,
regional environmental coordinators and other transportationdaenvironmental professionalin
identifying and recommenihg habitat fragmentation solutions that are cost effective, can be readily
implemented using available technology, provide significant habitat connectivity benefits, and reduce
overall transportatbn project impacts on wildlife.

B. Purpose of thidDecision Support Tool

The information gathered as part of this research has been assembled Degision Support Todthat
can be used to identify potential solutiots the fragmentation oboth terredrial and aquatic (noflish)
resources. Terminology associated withabitat fragmentationand suggestions for ways fategrate
consideration ofhabitat fragmentation ito the National Environmental Policy Act (NERAcess are
presented in thedecisionsupport tool as well as &labitat Fragmentation Decision Guide.

Section IlI of thedecision support toolcontains three subsectionsthat present the background,
guidance, and potential mitigation solutions that can be adopted to address habitat fragtioenta
impacts

SubsectionA provides background information on habitat fragmentation and defimisi for
someof the key terms used in the memo aimdthe flow charts.

Sulsection B presents a flow chartitled General Considerations for Habitat Fragneditn
Assessment and Mitigation Needs by Highway Improvement Tyimieh outlines steps to
consider prior to selection of habitat fragmentation mitigation solutions for different
transportation project types: New construction, Reconstruction and Rehaiwlitafl he state
DOTsurvey results indicated that these are the most common project types where habitat
fragmentation and connectivitissues are addressed. The basic steps in the chart reflect current
transportation agency practice as obtained from tette DOTinterviews and additional
research.

Sutsection C provides further guidance for projects that involve new construction that may
involve multiple alternate alignments. The section includes a flow chartHaibitat
Fragmentation Assessment withirthe NEPA Planning Processhich provides key
considerations for conducting a habitat fragmentation assessment within the project scoping,
alternatives analysis, and receod-decision/permitting process. Brief descriptions and potential

1
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sources of addional information are provided for each step in the habitat fragmentation
assessment procedure.

A flow charttitled: Conceptual Framework for a Habitat Fragmentation Decision Galatay
with descriptive texis providedto explain each step in the prosg of evaluating potential
fragmentation impacts leading to the selection of potential mitigation solutions for each
alternative.

This section alspresents a summary of Mitigation Solutions for habitat fragmentationtaibée
format using connectivitysolutions and patch (habitat) solutions that have been successfully
implemented or used by transportation agencies. A brief discussion of the organization of the
summarytable and information sources is also provided.

C Use of Survey Results in Develog the Decision Support Tool

The information and tools presented in this document were developed, in part, based on the results of
an online survey and subsequent phone interviews. Eight state transportation agemses
interviewed with regards tominimization practices and 7 state transportation agenciesre
interviewed onavoidance and compensation practices. The sumethods andresults are presented

in Section Il

Severalnsightsobtained through the survey and interviews of transportation rgjes influenced the
content of this document and are highlighted below.

e Mitigation for habitat fragmentation is being performed for a variety of highway improvements
including new construction, reconstruction, and rehabilitation types of projects.

e 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 duringthe project planning stage. Subsequent research indicated that only fi
additional states appear to have similar programs.

e Compliance with the Endangered Species Act and Clean Water Act (404 pragpsea) to be
the main drivers for mitigating habitat fragmentation. Improving highway safety by reducing the
potential for widlife-vehicle collisionavas another reason provided by some transportation
agencies for adopting mitigation solutions.

e Through the interviews, transportation agencies indicated that specific costs for mitigation
measures, including long term maintenan@ge generally not tracked separately or are not
readily available.

e Transportation agenciesterviewed indicated that thegenerally @ not implement long term
or detailed monitoring programs to determine the effectiveness of mitigation actions.

The surey and interviews revealed several methods that transportation agencies are currently using to
address habitat fragmentation. Only a few stat@sre found tohave developed a process to assess
habitat fragmentation at a landscape level. A general framé&vi®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 pradtoner 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 andarget speciesor speciesgroup in order to select appropriate mitig@n solutions;
therefore, this document includes a framework for assessing habitat fragmentation that is applicable
and scalable to any project type.
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. State DOT Survey and Interviews

To identify and recommend solutions thptovide significant haliat connectivity benefitsandare cost
effectiveandimmediately implemetable using readily available technologe following outreach was
conductedwith State DOTSs across the cuy:

¢ 8 Minimization Phone Interviews (selected states based on NCéjiript B15)
e 1 Online Screener Survey (to determine Avoidance & Compensation candidates)
e 7 Avoidance & Compensation Phone Interviews (based on results of Online Screener Survey)

The followingsectiondescribes the results of th outreach. Theonline 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 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 teatdsbitat
fragmentation, based in part on the actual experiences of State DOTSs.

A. Minimization Interviews

1. Methodology

Phone interviews were conducted with eight state DOTs to discuss malepih their efforts

at minimizing habitat fragmentatimimpacts by providing either terrestrial or aquatic (rfish)
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. statestiatihighest 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 68any 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 thaultimately participated in Minimization interviews were:

Vermont (terrestrial)
Arizona (terrestrial)
Florida (terrestrial)
Idaho (terrestrial)
California (aquatic)
Georgia (aquatic)
Connecticut (aquatic)
Minnesota (aquatic)

© N gk wDdh R
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Interview questions were devep@d 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. €kdoms 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 argtoned and where the best dollars: results
ratios are obtained.The original questionnaire can be foundippendixA.

2. Results Summary

Summaries of the eight phone interviews gmesentedbelow, while the full writeup of each interview

can be faind inAppendixA. Some issues that were common to all interviews are that wast reported

to beaprohibitive factor in building bigger and better crossings. Land acquisition and topography issues
were also found to be common limiting factors in usitge desired crossing technique. Agency
collaboration was mentioned as an important element by all states, especially during the identification
of hotspots and sensitive areas. Rrenstruction monitoringvas also found to be importarnb order to
establid a baseline for monitoring. In most cases it was found that-posstruction 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 foundtthest states do not have separate cost tracking
methods for the cost of maintaining crossing structures and fencing.

Literature review conducted throughout this research revedleat the issue of crossings for aquatic
species has been rather well addsed through guidance and regulatio@me states indicated during
the interviews that whilesemiaquatic speciemost likelybenefit from some of the practices applied to
fish, nonfish 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 roadsthe dedicathn of time, effort and funding to create adequate
terrestrial passages is more likely to be widely accepted

Terrestrial

Arizona Department of Transportatiadeveloped aprocess to address habitat fragmentation with its

Wildlife Linkages program. The gram inclueéd aWorkgroupof nine public agencies and nonprofit
organizationswith the missiond ¢ 2 A RSYGAFTFe& YR LINRBY23S 6AfREATFS
O2ftftl 02N APSE aOASYyOS o6FaSR STFF2NI (2 LINBOARS &
taggedhundreds 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. Engineer&@OT 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 @rovid

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 constructingssings 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 @feness 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 Trat&poV/Trans)

has taken a different approach. Vermont has decided to focus on its existing infrastructure, rather than
0dZAf RAYy3d ySg NRBFRazx @Al AdGa aw2lR G2 ! T¥F2NRIFIOAT A
habitat linkage so that they camssess 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
ALl ya ¢KSY R2Ay3a ONARIS NBLI I OSYSydamksS {mdypdSQ a+ SIN
cnQas gAfREATFS gta y20 Y2yAOG2NBR Fd GKFG GAYS (2
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 Departmérttis project will
facilitate wildlife crossing for elk and deer in an atleat has been identified as a safety concern due to

the high number of collisions between motorists and wildlifdaho hasalso identified linkages and
wildlife-vehicle collision locations which are being incorporated into a datab@ke.practice of bilding
bridges and culverts wider to accommodate passage has been found to be the technique that provides
the greatest ecological benefit to dollar cost.

Aquatic (NonHsh)

I TEAF2NYALF QA |ljdzZ GAO LI &al 3 SdiforniaN$enate 88B37AWHCcR Ay |
amended California Fish and Game Code in 2005 to incorporate specific provisions regarding

[ FEONFyaQ LINRPINBEAE Ay NBY2JAY I manhgsideht Sthdishil 2 F A &
aquatics. However, anadromodish and other aquatispecies 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 seraguatic species permeability. Sites are monitored if required following

an established mitigation and monitoring plan.

Since2005, 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 incorporatauratstreambed material back into the
environment, have been found to be the most effective practices providing the greatest ecological

6
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benefit to dollar cost.  Approximately 1/3 of ConnDOT projects involve the useswéam rock weirs

or veins for bak or channel stabilization which aladdshabitat 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 natumevices 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 whicher&T 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 withincluding 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.

aAyySazidl 5 hatsenio the Dgpartmend 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 navitdiife, 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 revisedir design manual. MnDOT also has a detailed Best Practices Manual,

RSOSt 2LISR gAGK 5bwX gKAOK RANBOGa GKS SINIe&e I|3Sy

DNRDOT liaison position can also be credited with promoting a successful agepasgtment
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
AppendixB along with a fill report of the results The online screener survey was developed with the
intent of identifying states that:

w wS3IdzA I NI & dzasS GSOKyAljdzSa F2NJ F @2ARAY3I KFEoAGL

relates to highway projects;
w | | @ Sshefl dnéthodsfof compensating for these types of impacts to habitats and wildlife
resulting from highway projects;

w /2YY2yfe dziAftAl S KIoAGIG O2yySOiGAQGAGeE &a2f dzia

w I NB gAfftAy3d (G2 O2y{iNAO0dzi S T dzNI K@Ndephéhe (G KA &
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, hoSteody

7
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Gizmo It was requested thahe states complete the X@uestion 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. Digitvgo month period, a

total of 24 states participated in the online screener survey as showigume 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 incorpota 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. HowevéadQhe planning processes

R2 y20 O2yiGlAy NARGGSY 202SO00GA@BSa

addzOK | &

QY Ay

FNI 3YSy il Geightypéreent of Géd Ftakes responding have both mechanisms in place to

proactively address connectivity raththan reactively mitigate as well as have priority areas for habitat
protection/connectivity and/or have state or regional habitat connectivity plans. -Seiwgn percent of
states have critical habitat mapping, terrestrial and aquatic wildlife corricamd/or other information
readily available during the transportation planning process.

Figure 1 Online Screener Survey Participation: Jflugust 2010

NCHRP Task 68 Implementing Measures to Reduce
Highway Impacts on Habitat Fragmentation
Online Screener Survey Participation
July - August 2010
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Twelve of the states responding confirmed that their state has adopted mitigation strategiesgacts

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 théiere 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 mitigan 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 mordeth. Taking into
consideration affirmative answers provided avell as geographical diversity, the following D@dm
seven state and the Commonwealth of Puerto Ricceere pursued for Avoidance & Compensation
interviews:

Oregon
Arkansas
Indiana

New York

New Hampshire
Maryland
Puerto Rico
Hawaii

© N gk wDdE

O

Avoidance & Corpensation 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 investigad whether states have methods of compensating for habitat fragmentation
and connectivity lossvhen impacts to habitat were found to be unavoidable, and how those methods
work. The interviews were conducted via telephone and lasted, on average, 6@Gmeadh.

The states were selected for interview by examining the responses to the online screener survey which
was conducted in Julkugust 2010. The results of this survey were reported in the October 1, 2010
Task 2 Memorandum. Selection was basedtm riumber 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 Minonizati
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,

9
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some of the states that were originallylseted 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:

Oregon
Arkansas
Indiana

New York

New Hampshire
Maryland

Texas

No akrwdpE

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 durng statewide and regional planning and also at the state DOT project planning level. The
guestions also looked at what types ofitigation activities state DOTs are involved in and if the
compensation is intended to directly address habitat loss, or wéretthat 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 specifictoedc &G GSQa& LI NI AOdzE I NJ AGNBy3IidiKa 2N OKL
be found inAppendixCof this memorandum.

2. Results Summary

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

e Avoidance during Statewide and Ratal Planning
¢ Avoidance during Project Planning
¢ Compensation

While afull write-up of each interview can be found &ppendixC, kelow are some of the highlights

FNRY (GKS LIK2YyS AYyUuSNUASga Ay SIOK 2F (GKSurenKNBES OF
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. tdile below shows the

type of projects indicated by the state to bmost common at the time these interviews were
conducted. Aableis also presented at the end of the summary to aid in order to provide an overview

of the avoidance and compensation interview results.

10
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Table 1Common 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 ad 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 ecosybtesad 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 AionSEconsultation procesbetween
FHWA and the USFWS.

For instance, Indiana Department of Transportation (INDOT) is working with Indiana Department of
Natural Resources (DNR) on a habiiated 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) usé&eagraplic Information SystemQGIS) tool called
GDNBSY LYFNI A0dNH2OGdzNBE¢é oDLO GKIG ¢l a NBOSyidate RSQ
and recently to regional planners and to Metropolitan Planning Organizations for use in their long range
plannng efforts. The Gl assessment includes everything in the undeveloped environment which was
mapped in GIS and is now used to screen projects at the statewide level. The Gl tool identifies critical
areas known as hubs and corridors and, in turn, SHA maxdkey effort to minimize impacts. Some

Maryland counties are also developing their own versions of the tool. The GI Tool utilizeslagiéado

approach/ systems approach, rather than a spesigscific approach.

New Hampshire DOT (NHDOT) is takingcallapproach 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 onyisar 10

plan for funding. They also ubew Hampshire's Geographically Referenced Analysis and Information
Transfer SystemGRANIT) to determine sensitive habitatdeareas 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 tirost
connectivity issues are dealt with on a cdsecase 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 Fistiildiite (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 Consetiwa 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 actionni 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 theeSarve Ecological
System Classification System. The project is in its third year-gearsduration. Under a Memorandum

of Agreement (MOA) with Texas Parks and Wildlife Department (TPWD), TxDOT provides training on
how to use the tool in exchange farccess 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 @system.

Texas is making a conscientious effort towards an ecosybtsad approach, as demonstrated by their
mapping efforts to redefine ecoregions to be morelime with EPA designations and promote
consistency across state boundaries.

4, AvoidanceDuring 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 ptential impacts to habitat resulting from highway projects.

Arkansas State Highway and Transportation Department (AHTD) makes an effort to avoid impacts to
KFoAGFEG RdzZNAYy3I GKS aOdzZNE2NE NBOASGE LIKIF & Smag KSNB L.
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 habitafgineentation and/or connectivity.

For Indiana DOT, the earliest stage at which habitat is considered is during the NEPA process at the step
OKFdG GKS& NBFSNI G2 Fa GaNBR Ffl3¢ adsSLlE gKAOK 200
regulatory agncies. 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 froneacyag

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 avoidéden 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 agdisuof 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 withdlresource 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 mve 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 seout 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 meetihbenlileld. 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 presentedt 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 analyassaarasl,

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 phasetings.

For largescale planning and projects requiring an Environmental Impact Statement (EIS), Oregon DOT
conducts interagency statewide mulency forums. Decision points in the process allow for resource
agency input. ODOT is also one of the feates interviewed that does include impacts to wildlife
resulting from proposed roadwagenerated 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 habitataigmentation 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 eadyestag if

the project design is only-P0% 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. TXxDOT looks for, angeexs 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 oblegircan

reduce the size of stormwater facilities and associated impacts. TxDOT has always included impacts to
wildlife resulting from proposed roadwayenerated noise in the impact analysis because they consider
impacts at the landscape scale with are@gwards 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 solefpr 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 ®Woody Revegetation Prografar any stream crossg, new bridge or bridge replacement,

which functions as a banking program. It is based esstablishing 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 &ggplas 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 = 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 tinMaryland.

New Hampshire DOTses a compensatory mitigation rati@able to compensate for impacts from
habitat fragmentation. The most common forms of mitigation are preservation, enhancement and
restoration. There is also a watershbdsed inlieu fee program run by New Hampshiregartment 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 habiteigmentation 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 le 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.aladbat 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/connectiiy 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 agesci® 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 thloag existing agreement with resource agencies that
allows for mitigation to replace impacts from habitat fragmentation of +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, aielifee.

There is an expectation that in the near futurejlieu fee wil 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, enbrceable conditions in a Section 7 Biological Opinion.

SummaryTable

Thetable below summarizes the results of the avoidance and compensation interviews by major topics
for which the states provided information.
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Table 2Results Summarg Avoidance ad Compensation Interviews
Stream/river crossing S
. . . Agencies in this state
How states avoid habitat . . L . protocols that consider ) .
: : How states avoid Habitat| Mitigation for habitat loss/ . . have included special
fragmentation during . : aquatic habitat and - . )
State . . Fragmentation at the fragmentation . conditions in permits
Statewide & Regional . . : fluvial process . )
: project planning stage (requirements and use) : . . with regards to habitat
Planning efforts requirements in addition .
s fragmentation.
to hydraulic criteria?
ID potential h"?‘b.'t.ats dqrmg Mitigation is not required for|
. .| alt. dev. and initial review ;
Issues rargl considered at this .| habitat loss unless ownedyb
. : by DOT personnel. Receiy -
Arkansas level unless listed species ar . a state, federal or local gov. No Not specified
; comments from agencies .
involved . : or enrolled in a federal
during NEPA review
program.
process.
Mitigation is not required for|
Issues are flagged after tigatio s ot requ .ed 0
. . L o fragmentation, but adjacent
A study is being developed t( scoping/field visits. . AT
. 7 o habitat and connectivity is -
Indiana prioritize areas within Agency comments & . . o Yes Not specified
. . . considered when identifying
watersheds and ecoregions| recommendations reeived . .
. sites. They are looking to
during NEPA process. .
implement a program.
Gl Tool is used to avoid
Green Infrastructure Tool , ID . e .
o impacts. Mitigation is not required for|
Maryland critical areas, used to screen . ) . Yes Yes
. . Agency input at habitat fragmentation.
projects at statewide level. .
concurrence points.
Use of GRANIT, town
Working with municipalities | involvement, federal and | NH compensates for habitaf
New and promoting awareess, state natural resource fragmentation using;
. . A . . Yes Yes
Hampshire developing guidelines, somg agencies meet at monthly| preservation, enhancement

GIS use (GRANIT)

meetings and provide

input.

restoration, ILF.
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#)L_j_:‘.
L
Table 2Results Summarg Avoidance and Compensation Interview€ontinued)
NY Natural Heritage data |
. oo used. Rely on agency | NY compensates for habitaf
Reducing fragmentation is S
. oo - comments on NER fragmentation (infrequently)
New York identified as a state priority . L . Yes Yes
. documents or during using; preservation,
but no maps are available ; .
design phase (for nen enhancement, creation.
NEPA).
Statewide Planning Goal 5 Agency input during Compensation for listed
addresses fragmentation anqg  forums and at decision species habitat at the EIS Consider habitat; Yes o
Oregon S . : L : : Not specified
some use of Wildlife Linkage points during the level only, it is project Fluvial processe¥.es
GlSmapping alternatives analysis. specific.
Texas has a process for
TCAP GISapping of Fragmentatlon is dl.scusse compensgtlng for 'habltat
. during alt. analysis and | fragmentation, but is used
Texas ecoregions can be accesse( o . . Yes Yes
: S . addressed in impacts infrequently. Preservation,
via coordination with TWPD )
assessments. enhancement, restoration,
creation, ILF.
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lll. Decision Support Tool for Habitat Fragmentation Solutions

A.  Habitat Fragmentation Background€onceptsand Terminology

Habitat fragmentation refers to the process of severprgviously continous habitat (or ecosystems)

into smaller and spatially separated patches of habitat by huindoced and natural processes. (ELI
2003). Causes of habitat fragmentation include land conversion to agriculture, housing and commercial
development, natural resurce 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 glarin 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, andhatr development activities (Dale et al. 2000).

Roadway impacts to the natural environment are wilElcumented, but it has only been in the last two
decades that extensive research into the role of transportation projects on habitat fragmentation and
connedivity 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 fragmentatiorgeneral 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

e Increase in wildlifesehicle collisions

¢ Reduction in habitat quality (water quality, noiseami community change/invasive plants)
e Loss of habitat connectivity

Clevengerand Huijser(2011) provide a concise overview of the mechanisms for these impalty.
terms and concepts associated with habitat fragmentation whiohused in the habitat asssment
process andn this decision support toohre explained here since there are several uses of these or
similar terms in thepractice Figure2 also providesa schematic to clarifgomehabitat fragmentation
terms and concepts.

e Connectivity the degee 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).

e Patch a relatively homogeneous type of habitat that is spatially sematdtom other similar
habitat and differs from its surroundings (Forman, 1995; McGarigal and Marks, 1995).
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e Corea patch of habitat which supports a population which can serve as a source for other
habitat patches regardless of connectivity (Baur, et 851 %orej et al, 2004).

e |Island a patch of habitat separated by natural or artificial means from other patches of the
same habitat (Fernandelricic and Jokimaki, 2001; Jennersten et al, 1992).

e Corridor-a land feature that connects core areas allowipg@es 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 ¢dildeihabitat (Beier and Noss
1988; Bennett, 199C-orman, 199; Dramstad et al, 1996zischer et al, 2000

e Landscape Scalea larger area of land containing a variety of habitat patches or landscape
elements which depicts the extent and function of existing networkslandscape is not
necessarily defined by itsze; 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).

e Target (focal) speciegindividual or group of species chosen to remeisthe 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 &02).

o Habitat Networks or LinkagegTerrestrial/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 thevement of species between and
within the network elements (Davidson, 1996; Opdam, 2002; Marcott, 2006; Kallimanis, 2008).

Figure2 Conceptualllustration of Habitat Patches asCores, Corridors andlslands
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Habitat Island

Island \
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The following section provides aaimework for assessing habitat fragmentation impacts and mitigation
needs for different highway improvement types. Sectdprovides an overview of the key elements of
habitat fragmentation analysis within the context of the NEPA process.
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B. Assessing Hatat Fragmentation and Mitigation Needs Based on
Highway Improvement Type

Based on the transportation agency interviews, habitat fragmentation impacts are addressed for
different highway improvement typesFigure 3 provides a general framework that outés key
components for assessing habitat fragmentation for different highway improvement types. Highway
improvement types addressed Figure3 are defined below (FHWA, 1997).

1. New Construction this action involves the construction of a new highwagility where
nothing of its type currently exists.

2. Reconstructior this action involves a major change to an existing highway within the same
general rightof-way corridor. This may include capacity improvements or may involve making
substantial nodifications to an older highway's horizontal and vertical alignment in order to
eliminate safety and accident problems.

3. Resurfacing, Restoration, Rehabilitation (IRkese actions primarily serve the preservation
and extension of the service litd 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 teertical grades and horizontal curves, bridge repaid an
removal or protection of roadside obstacles.

New constructionprojects 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 pat of a NEPA study. The process depicteBigure3 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 begimish 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, poential mitigation solutions can be reviewed and evaluatEahles 3 and4).

The basic difference between new construction and reconstruction/rehabilitation improvements is that
the latter occurs along an established transportation corridor where initiglacts 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 existingtructures (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 adapedevel assessment of
habitat fragmentation is not necessary. In this case the practitioner may only need to define the target
species or wildlifespecieggroup, assess types of structures and current use by wildlife, and identify the
mitigation need. e practioners can then proceed directly to the list of mitigation solutions for
connectivity to begin evaluating mitigation optioriBaples 3 and 4). The complexity of the assessment
process depends on the project scope, target species and other issueeVE| of effort and complexity

of analysis may increase depending upon site and project specific conditions.
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Figure3 General Considerations for Habitat Fragmentation Assessnard Mitigation Needs

NCHRP PROJECT 25-25 TASK 68
IMPLEMENTING MEASURES TO REDUCE HIGHWAY IMPACTS
ON HABITAT FRAGMENTATION

FIGURE 3 GENERAL CONSIDERATIONS FOR
HABITAT FRAGMENTATION ASSESSMENT
AND MITIGATION NEEDS BY PROJECT TYPE
HIGHWAY
IMPROVEMENT TYPE 1

HABITAT FRAGMENTATION
NEW CONSTRUCTION ANALYSIS IDENTIFY MITIGATION NEEDS

S : Review Potential
1. Determine if Target Species C e ’
1. Determine Target Species ' ’ Connectivity is impaired _> Mitigation Solutions

2. Define corridors, patches, 2. Determine if Target Species (Table 1 and 2)
and linkages Habitat (patch) is impaired
3. Assess Potential Impacts L J
\ J

CHARACTERIZE
pEehuRR el CORRIDOR ANALYSIS EXISTING INFRASTRUCTURE

1. Determine Target Species .
2. Identify Patches along Cormidor |y 1. Survey and Characterize 5
3. Identify Potential Linkages Potential Crossing Structures

4. Identify VWG Hotspots 2. Assess Potential/Actual
REHABILITATION Wiildlife Use of Crossing Structures

J . J

1. Definition of Highway Improvement Type per FHWA.
2. Crossing structures include culverts, underpasses, overpasses and bridges.
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Unique to reconstruction/rehabilitation projestis the opportunity to survey and characterize the
physical features of existing structures and assess their functional potential for wildlife paB&age (

3). Examples of procedures to evaluate existing structures are available. Several statesepavedor
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 applicable. Similar manuals or guidelines for evaluating
existing structures for use by terrestrial wildlife have not been identified through the literature review.

Figure4 is a schematic of BElabitat Fragmentation Assessment within the NEPA Prabasprovides a
conceptual framework for conducting a landscape level habitat fragmentation analysis within the NEPA
process. Sectiofincludes a more detailed discussion on the information needs and process to conduct
an analysis and define project impactA 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 agipithat 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 figmentation assessments into transportation planning and the project
scoping phase of a projeis one example of anethod to address broader ecosystem level concerns for
habitat fragmentation and connectivity, and is consistent with the recommendatiorthe National

I OF RSYe 27F {0ASSGSEA yNBURYN ad yIF I3Ay3 (GKS 92t 23A0
address ecological effects of roads on a broader scale (Gunderson et al, 2005). In addition, through the
surveys of transportation agencies for &@nce measures, it was clear that most avoidance actions are
conducted at the beginning of the project development, and that several State DOTs utilizasédS
systems to prioritize fragmentation avoidance. Integrating habitat fragmentation into prpjacining
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 ancesource agencies. To address the process of avoidance and provide
information sources useful to the implementation of habitat fragmentation and connectivity
assessments, mexampleflow chart Figure4: Habitat Fragmentation Assessment within the NEPA
Plenning Process) was preparéal illustrate potential steps involved and theiikely placement within

the NEPA process. A discussion of each step in the process is provided below along with references and
links to additional informationlt should be notedthat 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 P8&aeping 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

Figured Habitat Frgmentation Assessment within the NEPA Planning Process

NCHRP PROJECT 25-25 TASK 68
IMPLEMENTING MEASURES TO REDUCE HIGHWAY IMPACTS
ON HABITAT FRAGMENTATION

FIGURE 4

HABITAT FRAGMENTATION ASSESSMENT

WITHIN THE NEPA PLANNING PROCESS
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the agency and public scoping meetings (pceping 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 objectiveshiitat fragmentation analysis. The following
steps serve atllustrative stepdor 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 considiens 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 iategeh

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:

o Define the landscape scale as broadly as possiBlgor to attending a Sging 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 projdiatits 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 @lude 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.

e Utilize available Geographic Information Systems (GIS) database information and a€fiads:
use of GIS is integral with the mapping and spatial analysis associated with habitat
fragmentation assessments. Typically, statend most federal agencies have GIS database
sources that are publicly available and are potentially useful to provide base map information.
An example of an ofine source includes thBSGS Landcover Database for all of North America
(http://landcover.usgs.gov/landcoverdata.pbps | YR GKS | yAGSNBRAGE 27F
which maintains links to a national clearinghouse faate and federal GIS data
(http://libweb.uoregon.edu/map/map_section/map_Statedatasets.hymData sources that are
useful in assessing the study area landscape include:

o Digital Aerial photographs
0o Wetland and Land Use Cover mapping
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0 Topography and soils
0 Watershed or Hydrologic Unit Code (HUC) boundaries

o Natural Lands, Parks, Wilderness Areas, Wildlife Refuges, National Forests, Forest
Reserves, Recreational Areas, and other ngadeor protected natural areas
o Land ownershipland use zoningndurban growth zones

e Review pertinent information sourcesMost federal and state agencies have a variety of
natural resource databases, inventories and other information sources that eanséd 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 objedivior maintaining or improving habitat
connectivity. Examples of information to review include:

o0 Watershed Management Plans

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

Natural Resource Management Plans

State Natural Heritage Database

State or Federal Resource Agency Data

County or local community tax maps/property ownership data

NatureServeHttp://www.natureserve.org

O O O O O o

In addition to these information sources, locations of known concentrationgldfife-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 availatdeage discussed in Bissonedad
Cramer (2008).

o 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 cogsiste
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 resdarpacts would
also be regulated under this program. Hydrologic Unit Codes (HUC) at ttligitLio 14-digit
level is typically used by USACE. When defining the watershed limits for the study area, the
boundaries should encompass the outermost project tcaffodes and all of the adjacent HUCs.

If HUC data at the digit or 14digit 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 ol

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

e www.virginiadot.org/vtrc/main/online_reports/pdf/0#14.pdf

 www.floridahabitat.org/wildlifemanual/transportation

o www.wsdot.wa.gov/NR/rdonlyres/733701540FG4DAE

e Majka, D., J. Jenness, and P. B&i@d7. Corridor Designer: ArcGIS tools for designing and evaluating
corridors. Available dittp://corridordesign.org
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Once the initial landscape level study area map is prepared, the terrestrial and aquatic hahitatkse
should be prepared prior to the project Scoping Meeting.

Step 2:Define Terrestrial and Aqguatic Habitat Networks

The identification of habitat networks (or linkages) can be accomplished using current high resolution
aerial photo coverage combinaslith 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 naturabocs. The linkages may

0S LIKeaAlOrt |yRk2N) O2dzZ R 6S tAYy{SR oFaSR 2y | &L
linkage is a stream and its associated forested riparian corridor. On the other handropaal

migrant bird species may ugghysically 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 Habitatecped 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 hadii$ in the study area can be used at this stage to initially define
networks for these species.

The habitat network map is a very usefigure and can be used in agency meetings. Some states are
RSOSt2LIAY3A KIFEOoAGE G 0L GIOK kYOZ2ININBRYRP ND& yISHINGTR N F 2FNJ {aif |
(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.dsp

e www.aot.state.vt.us/TechServices/EnvPermit/Documentsdlifié Linkage Habitat Report 5
15 _06.pdf

e www.azconservation.org/projects/natural _infrastructure/data sources

e 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 establishmentedéatidscape scale of

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

Oy LINPGARS RIFGF &a2dNDS&a FyR SELISNIA&AS G2 ddzA RS
Ayé 2 GKS S @ledsadialish thaf critidhlBlediSicén Joints and project schedules can be
maintained while also meeting the overall project purpose and need. Examples of tgpieaty
partnersinclude State wildlife resource agencies and the U.S. Fish and WildlifeeServ

The Wildlife and Roads Decision Gui¢gtp://www.wildlifeandroads.org/decisionguide developed
under NCHRP 257 provides relevant guidelines that assist in determining the agency partners.

Scoping Meetings

The objectives of a scoping meeting with the agency partners include:
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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 linits 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 spees 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 heed some refining to accomradtiathome 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 impactanalysis and mitigation decisianaking. This process begins with the
project scoping meeting anideally wouldbe completed before the alternatives analysis so as to inform
the decisions made during the alternatives development.

Step 4:Set Goals and Blectives 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 thallosgective 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 consideratiosr developing goals:

e avoidance of impacts to habitat corridors;

e minimizing impacts to habitat corridors;

e maintaining habitat integrity to the greatest extent possible;
e replacement/mitigation of habitats lost;

e target species goals

Clevenger and Ford (ireBkmann et al, 2010) discusses ecological functions of wildlife corridors that can
be considered in the development of goals and objectives such as:

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

Meeting biological requéments such as finding food, cover, and mates

Dispersal from maternal or natal ranges anetdonization after long absences

Redistribution of populations in response to environmental changes and natural disturbances
(e.g., fire, drought);movement or mgtion during stressful years of low reproduction or
survival

5. Longterm maintenance of meta populations, community stability, and ecosystem processes

P

Step 5: Define Target (Focal) Species

Through coordination with agency partners, target species forhhbitat 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 farmiar 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 Bn area threshold for a particular habitat that is sufficient to sustain a

L2 Lddzt F GA2y 2F | IABSYy ALISOASaAd atF NIAOdz I NI KFoAG!
cycle/habitat needs of the target species. The user should clearlyridesand define the minimum

patch size of the target species based on available references and input from federal and state resource
agencies, hofgovernment organizations and regional expertise. The minimum patch size will also aid in

the planning for ntigation 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 pased 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 connectitirough each habitat network.
3) To assign a functional score to these features

Using the definitions adopted for the projespecific habitat assessment, the habitat networks are

divided into respective cores, corridors and islands. The identifitatfccores, corridors and islands is
RANBSOGSR o0& (GKS GFNBSG aLISOASa yR (KS FaadzLliAazy
should be documented and accompany any mapigoires.

The functional assessment of cores, corridors and islasmasore subjective. The assumptions which

3dzA RS GKS dzaSNNa RSEAYySIiGA2y 2F (GKS&S FSF GdaNBaxz
should be explained and accompanied by mapdigqures There are many methods for qualitatively

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

e www.virginiadot.org/vtrc/main/online reports/pdf/0#14.pdf

o www.floridahabitat.org/wildlifemanual/transportation

e www.wsdot.wa.qov/NR/rdonlyres/733701540FG4DAE9408
D2D88FD32B6C/0/SR167studyl.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 rursttionally 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 thisstep 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 accompangi instructions for developing, identifying, and assessing
habitat linkages is available dime atwww.corridordesign.orgThis information has been used in the
development of conservation plans for the South&ackies Ecosystem Project. Reviewing and drawing
upon the experience of the Southern  Rockies  Ecosystem Project  website
(http://restoretherockies.wordpress.cony/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 projecinteline 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 predinated
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 mgipg 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 newgalnent), 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 outlinedigure4, are discussed in turn below.

Sep 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 assessmen
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 thassist 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 periodingjoo

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.
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Step 1.1: Describe Impacoi 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 impgadiabitat
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 g@ndary 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 effgicivary 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 sendary impacts are also poorly defined. Procedural guidance on
assessing secondary impacts is provided in the NCHRB Z&sk 11ndirect and Cumulative Impacts
Analysis(Stanley 2006). The report includes a flow chart for assessing secondary impduits tingt
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. Thevaluation 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/lcommercial displacements, wetland or other mitigation
requirements, and other relevant items that would influence the decisionditering 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 solgiomould 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 selectingpropriate
measures to reduce wildlifeehicle collisions that includes a variety of wildlife crossing structures. Using
this reference, potential solutions can be identified, evédahand 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:

e http://www.wildlifeandroads.org/decisiongquide/

e http://www.corridordesign.org/designing _corridors/linkage designs/mitigating_barriers
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e http://www.dnr.state.mn.us/waters/watermgmtsection/pwpermits/gp2004 0001 manual.html

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

Step 20: 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 eflect 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 basdtie 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. his information would assist the project team in selecting a preferred alternative
and identify mitigation needs.

Step 30: Select Preferred Alternative

Based on the analysis of potential environmental, social and land use impacts the preferred akernativ
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 alternatiVbe 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 sisclin

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
guantified then the evaluation of mitigation solutiorthat compensate fo those impactscan be
completed. Identifying mitigation opportunities should be initiaslearly in the project planning phase

as possible Advanced planning and agency coordination to identify opportunities is encouraged as part
of the Ecological Apmrach (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 ofam¥idiscussion.

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 perdatuments.

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 migiation; defining of monitoring and maintenance requirements
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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 eaoé 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 effaraltypccurs 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, eachtiop 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 acceable to agency partners and other stakeholders. As the number of options is
reduced though the evaluation process, ongoing coordination with agency partners is critical to assure
that the remaining options are considered tsiile for the meeting the project needs, or if additional
options need to be considered.

Step 3: Evaluation of mitigtion 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 paepfor the target
species. Comparisons of the mitigation options with proposed impacts are made to assess suitability of
the proposed mitigation to offsedr compensag forimpacts.

Step 4: Selection of mitigation and defining of monitoring and maigance 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 incorporatedio 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 remediahdstimecessary.

4, Conceptual Habitat Fragmentation Decision Guide Flow Chart

The Conceptual Framework for a Habitat Fragmentation Decision Qiideire5) is described in this
section. The premise of the conceptual Decision Guide is that the projeectmwill 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 Alternates 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 hadditnetwork, 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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NCHRP PROJECT 25-25 TASK 68

Implementing Measures to Reduce Highway Impacts on Habitat Fragmentation

IMPLEMENTING MEASURES TO REDUCE HIGHWAY IMPACTS ON HABITAT FRAGMENTATION

DECISION GUIDE FLOW CHART
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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 pecies 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 conspgential 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 chaRigure5) 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 Secti@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 téniegs
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 shouldsess 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 impaets} d

the practitioner to Box 1.2 Aquatic Habitat Network.

Box 1.1A Terrestrial Habitat Network Potential Solutions (Step$)1

Box 1.1Adescribes a 4 step process to develop a preliminary minimization/mitigation strategy and
preliminary cost estimate fathe 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 tredternative should be considered collectively. The
measure of impact such as number of corridors, corridor acreage, habitaf ondther measures may

be used to quantify the impact of the entire project alternative. The quantitative analysis w#l asrv

the baseline measure of habitat and connectivity loss. Mitigation will be designed to offset the baseline
impact. Natural systems may require 3 to 5 yeardomger beforedeveloping and becoming fully
functional. Mitigation ratios may exceed a 1 Xaratio 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-establishment of a habitat type arfdnction,
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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 summarytable of connectivity mitigation solutions. The mitigation solutions for connectivity
impacts can be reviewed and assessed for applicability to the project impacts based on gpages
opportunity, effectiveness and cost.

Step 3.Summarize measures and proviegtimated costs (preliminary) for Terrestrial Habikgtwork.

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 estifeatsts for

the measures should be totaled. This will be carried into the summary prepared i8.@d*abitat
Fragmentation Summary Chart.

Step 4 Go to 1.2 Aquatic Habitat Network

Once the terrestrial habitat network is evaluated for the alternatihe practitioner is directed to
evaluate connectivity impacts to the aquatic habitat network.

Box 1.2 Aquatic Habitat NetworkWill the Alternative cross a stream, river, wetland or water body?

The first question directs the practitioner to assess if haraative 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 NetworkWill the alternative crossing pose a potential impediment to the
movement of aquatic species, or aige 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 corridDiject inpacts to cores or impairment of
connectivity should be assessed throughout the length of the entire alternaliie. practitioner should
assess the number of impacts, the acreage of direct impact and the effects of impairment. An
affirmative answer leadshe practitioner to a list of potential mitigation solutions (1.3A)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 toewdlop 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 collectiVbbymeasure

of impact such as number of corridors, corridor acreage, habitat umitspther measures (stream
mitigation impact units) may be used to quantify the impact of the entire project alternafivee
guantitative analysis will serve as the baseline measure of aquatic habitat and connectivity loss.
Mitigation will be designed to okt the baseline impactMitigation ratios have been discussed in
Terrestrial Habitat Networks (1.1b).

Step 2 Review and select aquatic connectivity solutions for minimization/compensation measures from
summarytable of connectivity mitigation solutiost The mitigation solutions for connectivity impacts
can be reviewed and assessed for applicability to the project impacts based on spevigs
opportunity, effectiveness and cost.

Step 3.Summarize measures and provide estimated costs (preliminarydoatic HabitatNetwork.

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 taked. This will be carried into the summary of developed inBoxXHabitat
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 2.0Patch(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 meafrom 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 Impact®oes the alternative have the potential to impact/impair a habitat core/island or
reducecorelisland 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 ssessed 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 ofeptial 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 (Step$)1

Potential Solutions (Box 2.1A) describes 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 forinimization/compensation measures from summary
table of patch mitigation solutions. The mitigation solutions for patch impacts withintdibée can be
reviewed and assessed for applicability to the project impacts based on sggo@s opportunity,
effectiveness and cost.

Step 3.Summarize measures and provide estimated costs (preliminary) for Patch.

A summary of corefisland avoidance, minimization, and mitigation measures should be prepared. The
number of crossings, acreage, habitat unit totals, angreliminary estimate of mitigation costs for the
measures should be totaled. This will be carried into the summarg.@fHabitat Fragmentation
Summary Chart.

Step 4 Go To 3.0 Habitat Fragmentation Summary

Results from the Patch analysis as well agettrial 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 Fragmentatiompacts, 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) shdd be totaled.

Develop a comparative matrix for all alternative3he comparative matrix should include but not be
limited to:

impacts (# of crossings, acres, habitat units)
e minimization measures

e mitigation measures

e costs (preliminary)

Select preferrd 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 compari¥@liminary costs are also

a factor in determining the preferred. If the preferred alternative based on habitat fragmentation
analysis is the same as the NER®éferred alternative, the practitioner should design final mitigation
plan as part of the @rmitting of the project.

In some cases the NEJpreferred alternative may differ from the preferred identified by the habitat
fragmentation analysis. A final mitigation plan will be developed for the NiE€fArred alternative
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after the Record of Decigioand simultaneously with permitting. Designing mitigation plans will be
developed as part of Task 4.0.

5. Circumstance/Context Based List Selected Mitigation Solutions

Tables 3 and 4 present a list of mitigation solutions developed from the intews with transportation
agencies, reports and literatur&able3 lists mitigation solutions specific for connectivity, andble4

lists mitigation solutions specific for patch. Because tidae reflects projects that, for the most part,
have been constrcted and have demonstrated effectiveness through monitoring, the solutions are
considered to have immediacy of implementation, are esfétctive for specific situations, and have
been accepted by resource agencies as mitigation measures. Each mitigaltition 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 swudice

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 areluded 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 rehabilitationprojects, 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, ptagtiers can quickly find and view information
pertaining to one or more mitigation options. Further evaluation to address the prsjgetific
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 th&ble 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 remsent 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. Eacbsadd 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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Summary of Connectivity Solutions
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