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Chapter 1. Introduction and Background

This report was developed part ofa cooperative project betweethe U.S. Fish and Wildlife Service
(USFWSInd NatureServe to create and test a framework and handbook for refuge vulnerability
assessment andtarnatives development (RVAJ)he report is organized according to tbteps outlined
in the RVAtechnical guide (NatureServe and USFWS, in reweigh followsthe structure ofand
provides information to support a standard refugemprehensive Consetion Plan CCP. Work was
conducted in two phases: Phase | utilized Megional WildlifeRefuge ComplefNWRGas a pilot
project to develop and test the RVA processa limited scaleA fullvulnerabilityassessment was
conducted irPhase 2addressinghe prioritizedset of resources and stressors of interest to the refuge
staff. This report provides detailed resulisid interpretationfor the entire assessmentmethodsare
intentionally summarized more brieflffor more detailed information on the miedds used in the RVA
processplease refer to thdRVAtechnical guide (NatureServe and USFWS, in reyvéesiinplified
processworkflow is illustratedn Figurel.

Thisvulnerability assessment was conducted tloe Eastern Shoref Virginia National Wildlife Refuge
(Eastern Bore of VANWR) and Fisherman Island National Wildlife RefEgdnérmarisland NWIRand

0 KSA NI &a dzLILI2éNHerdefygas atdbcgitétianthl $dGhern extent of the Virginia Eastern
Shore,in Northampbn County.These two refuges areollectively referred to as the Eastern Shore of
Virginia NationaWildlife Refuge ComplefRefuge ComplgxAccomack and Northampton Counties
were identified as thepportinglandscapeof the RefugeComplex based ogeogaphy and on
partnerships that are active in those jurisdictioi$ie two counties are the operagmegion for the
Southern Tip Partnership, a mudtgency conservation group working with the two refuges

Eastern Shore of Virginia and Fisherman IslandNWR RefugeVulnerability Assessment 1



Figurel. SimplifiedRVAWorkflow Process
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Application of the RVA

The results of th&kVA analyses will support potential revision of Refuge Comple€CP to account for
stressors from climate change andl support Habitat Management Planning (HMP) for Befuge
ComplexBecause many of the spes and communities of thRefuge Compleare ateither their

southern or northern range limifendbecausehe Chesapeake Bay and development on the Delmarva

Peninsula represent significant dispersal barriers, it is expected that climate change cauld hav
substantial impacts on refuge resourcéslditionally, a key strategy of the 2004 CCRxpansiorof the

Eastern Shore of Virginia and Fisherman IslandNWR RefugeVulnerability Assessment



refugeswithin a 10kmzone of the tip of the Delmarva Peninsula to increase stopover habitat for
neotropical migratory birdsTherefore it is critical to assess the degrée whichclimate change,
particularly sea level rise, mighmhpactthe success ahat expansion strateggiven the low elevation
throughoutthe area.

Furthermore this RV/Aerves as cooperative project between USFWS and NatureSéo create and

test a framework andleveloptechnical guidancéor assessingefuge vulnerabilityand developing

alternatives Conducting this RVA assisted in refining and illustrating the RVA methodology as described
in the RVAtechnical guide (Natureve and USFWS, in review)

Report Organization

Thisreport utilizessomeof the same structure and headings as the Eastern Shore of Virginia and
CAAKSNXIyQa LatlyR /[ 2 Y.OWRBS 6 Camsihar Hedtliyigs B MBRWAA 2y t |
reportis ntended to relate the RVA content to the associated components of the CCP. However, the

content under each of those headings is specific to the RVA and may contain less or different

information thanthosesame sections in the CCP.

TheEastern Shore of Virga NWRand Fishermaisland NWRre treated together in this repows the
Refuge Complewhenever they have consistent and overlapping goals, resources, and stressors.
Differences in the efuges are noted when applicable. Assessment methods are outhineitly in this
report and the reader is referred to appendices in this report, R\étechnical guide (NatureServe and
USFWS, in review)r other sources for more detailed information on methods.

Regulatory and Related Conterf the Refuge Complex
Therefuge purpose, legal and regulatory framework, and existing partnerships are included here to
providepart of the political and social context of the refuges themselves.

Refuge Purposes

TheRefuge Complewas established primarily to support importamigratory birdspecies especially
those using the complebor resting and feedingluring migratory periods of their annual cycléhe
legislation outlined in Chapter 1 of the CCP provilsindation and purpose for both the Eastern
Shore of Virginia anBisherman Island National Wildlife Refuges:

1 &Xauthorizing land to béransferred without reimbursement to the Secretary of the Inteiiiathe
f I yR KFa LI NI AOdzZ | NIraddfet alSertafnZRbEl Propedtytbr ivadif& o0 A NR& @€
ConservatiofPurpses Ac(16 U.S.C. 66¢667d)

1 a..for use as an inviolatanctuary, or for any other management purpose, for migratorgls £
Migratory Bird Conservation A6 U.S.C. 71515d, 715e, 71%f715r)

The Eastern Shore of Virginia NWIRSs also established der the following legislation

Eastern Shore of Virginia and Fisherman IslandNWR RefugeVulnerability Assessment 3



1 &Xauthorizingacquisition of lands and interests suitable for: 1) fish and wildlifented recreation,
2) protection of natural resources, and@)nservation of endangered or threatened speciés...
Refuge Recreation A6 U.S.C. 46@Kk60k;4)

Refuge goals are created in accordance with National Wildlife Refuge System ¢NRAREIe Systen

goals and act as broad statementsto refladB F dz3SQa @A aAi2y | y RTheRdtonaNB R
Wildlife Refuge System Immprement Act determined wildlife conservation to be the primary focus for

the unified mission of the entire Refuge Systérhis cohesive mission works in tandem with goals
designed for individual refuges, in turn dictating management initiatives for eastifgprefuge The

Refuge System Improvement Act also required all National Wildlife Refuges to have a CCP prepared to
help guide management to meet end goals and fulfill the greater Refuge System nii$SiewWS 2004)
Goals for botlrefugesare describedn Chapter 1 of the CCP as follows:

1. Increase the availability of forage and cover habitat for
neotropical and temperate migratory birds and migrating
monarch butterflies.

2. Maintain the longterm productivity, integrity, and function of
the marsh, beach, anisiterdunal communities.

3. Actively participate in the conservation of healthy hardwood,
understory, and grassland habitat for neotropical and
temperate migratory birds during future development
throughout Northampton County

4. Provide wildlifedependent recrational opportunities and
community outreach with an emphasis on educating the public
about the critical role the Delmarva Peninsula serves for
neotropical and temperate migratory birds and migrating
monarch butterflies.

5. Integrate the refuge into the largeommunity of the eastern
shore and promote awareness of the unique value of the lower
Delmarva Peninsula to neotropical and temperate migratory
birds and migrating monarch butterflies.

6. Enhance and restore the quality of the soils, waters, and other
abiotic components of the refuge and landscape

Chapter 2 of the CCP outlines several specific objectives for each of the listechgoeaddl, as strategies
to reach each objective in the short term. Objectivesrdugegoalsin the CCRvere assessed basea o
findings of thisstudy and are discussed in Chaptesfahe CCRUSFWS 2004)

Legal and Policy Guidance

Relevant policies under which the NWRC operates are described in th&@<€sudy was conducted
primarily under the National Wildlife Refuge Syst&dministration Act of 1966 (16 U.S.C. 688ifiBee,
as amended by the National Wildlife Refuge System Improvement Act of. T9@HBastern Shore of

Eastern Shore of Virginia and Fisherman IslandNWR RefugeVulnerability Assessment 4
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Virginia NWRand Fishermarsland NWRvere established administratively through tAeansfer of
Certain Ral Property for Wildlife Conservati®urposes AdtLl6 U.S.C. 66 ¢B67d)andMigratory Bird
Conservation Adil6 U.S.C. 71315d, 715e, 71%f715r). Furtherthe Eastern Shore Refuge was also
created through theRefuge Recreation A6 U.S.C. 46QKk60k;4). Refer toAppendixA for additional
details regarding policies and plans associated with managing the Easternatdfesherman Island
National WildlifeRefugesChapter 1 of the CCP aladdresses mangtep-down management plas,
from largerscale legal mandates to individual resource plavischare used to develop management
practices on thdRefuge Complex

Existing Partnerships

The following partners assisted withisfRVAThis assistance was providedthe form ofguidarce for

the project, input data for the assessment, and other information resources for interpretation of results
and reporting:

Centerfor Conservation Biology at the College of William and Mary
Chincoteague Natural History Association (CNHA)

Coastal Virgiia Wildlife Observatory

Hampton University

Northampton County

The Nature Conservancy

The Trust for Public Lands

Virginia Coastalone Managemerrogram

Virginia Deprtment of Conservation and RecreatigDCR)

Virginia Deprtment of Game and Inland Fishes

VirginiaDepartment of Conservation and Recreatifivision of Natural Heritage

= =4 =4 4 -4 -4 4 - -8 -8 -4
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Chapter 2. Assessment Process

Assessment Purpose

The goal of hisvulnerability assessmentas toexamine potential effects of current and expected
stressors on the statedbjectives of the 2004 CCP for the refugBse primary purpose of the refuge
complex is to support migratory bird species. Given the low elevation of the Refuge Complex and
projected sea level rise in this area, the assessment particularly focused potthdial impacts of
climate change on the sustainability of the refuge purpose. Projestedevel rise (SLR) was analyzed
for impacts on all resources included in #esessmentThe impacts abther relevant andreadily
mapped stressorssuch as devepment, were als@ssessed for all resources

This studyspecificallyidentified resources that would be incompatibleth or intolerant of expected
future conditionscaused by climate changacluding:

1 Saltwater inundationand habitat los§rom SLR anihcreased storm surge elevations
1 Changes iecosystem/habitat composition

Assessment Area

As noted at the beginning of Chapter 1, the area evaluated in this vulnerability assessment includes both

the Refuge Complex and its supporting landscape of Northamahd Accomack CountiéSigure2).

¢CKS GSNXa dadzlllR2NIAyYy3 € yRaOl hgéably throtghouhthdN@patS OG | NB
The supporting landscape encompasses the Refuge Complex and provides a broader geographic co

for identifyingthe mostrelevantconservation and management isswex appropriate locationfor

potential action within and around the Refuge Complex. Conducting the vulnerability assessment on the
entirety of both the Refuge Complex and its sugijmgy landscape provides the information necessary

for the Refuge Complex to achieve its purpose and objectives within and beyond present refuge

boundaries.

Eastern Shore of Virginia and Fisherman IslandNWR RefugeVulnerability Assessment 6



Figure2. The Eastern Shore National Wildlife Refuge Complex (inset, yightl its Supporting Landscape (Project Area, left).
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Figure2 shows the Refuge Complex withihe general context of thegproject area. The Refuge Compléixset, right)consists of (1) Fisherman Island
NWR, an island just off th southern tip of the Delmarva Peninsula, and (2) the Eastern Shore of Virginia NWR, consisting of a collection ofagtarcels
the southern tipof the Virginia peninsula. The acquired boundary includes only parcels under full ownership and management b\SH#&/S.

Approved boundaries include additional lands not currently owned by the USFWS, but that have been approved for acquistiongly and
appropriate. This study focused on thentirety of both the Refuge Complekinset, right)and the supporting landscapeor project area (left) which
consists of Accomack and Northampton Counties, Virginia.
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Process Overview

Thisassessment of refuge vulnerability closely followed the process described RMAtechnical guide
(NatureServe and USFWS, in revibut)was necessarily constrained by time, funding, and data

availability. For this RVA, the assessment team first characterized the management and policy
framework, the biological and infrastructure resources, and the current and expected stressors affecting
the resources, and then developed a series of scenarios under which stressor impacts on resources were
analyzed. A cumulative effects assessment of certain stressors on priority resources over multiple
timeframes (scenarios) was conducted. Brief summanfebe specific steps in the assessment process

are included in the relevant sections of this report.

Planning Issues

Specific planning issues are identified in the 2B@duge Comple€CP (andere reconfirmed aRVA
scoping workshops) as well as isspecific stepdown management plansvhich areat various stages

of development and implementatioWhile stepdown plans are not addressed in this assessment, the
planning issues relevant to the vulnerability assessment are listed here, along with tiagindre in

this assessment:

1 Wise PointBoat Ramp: TheEastern Shore of Virginia NViRISt maintain recreational access to
deep water for the public via this ramp, while protecting sensitive wildlife spefiested by it, and
by its use

RVA treatment Theramp is hncluded inbaseline and all futurecenario assessments

1 Communications towes and wind turbines Communicationsowers arerecognized by private
industry and Northamptoi€ountyas a resource that could improve citizen quality of IHewever,
such structures are knowto cause migratory bird fatality, especially when located in migratory
flyways, such as the southern tip of the Eastern Shbiés analysis includes two towers on the
Refuge Complex from a dataset dated 2008.

Recently, a Northamphn CountyWind Farm @linance was established to allow development of
wind energy facilities to support wind energy generation (i.e. turbines) consistent with the
Northampton County Comprehensive Pl&vind energy development in Virginia is expected to
move forward,where specific projects are subject to a permit by rule, by the Virginia Dept of
EnvironmentaQuality. As of this RV Aone bayside project has been proposed but failed (Gamesa
project). Currently, the Northampton County Wind Farm Ordinance dessnclude height
restrictions on wind turbines, and thus migratory bird issues can be expected as projects are
proposed Given this early status, wind energy facilities @atentialimpacts are not included in
this RVA.

RVA treatment Communicationsdwer footprint datafor two towers on the Refuge
Complexare includedn all assessments

Eastern Shore of Virginia and Fisherman IslandNWR RefugeVulnerability Assessment 8



9 Landacquisition: RefugeComplexands, as well as nearby ngublic lands that are in a natural
vegetated stateare recognized by thFWS and Northampton County lasing critically
important stopover habitat for migratory birdsand use change away from natural conditions on
the southern tipof the Eastern Shoneduces the land and resources available to these species
Successes in acquiring lands to maintainribural state of the southern tip can help offset
these habitat losses

RVA treatment Thesupporting landscapwas included in all scenario assessments.
Recommendations for lardcquisition decisions, as per Goal 3 of the CCP (2004), are also
offeredin Chapter 4

1 Habitatmanagement Due to the wide range of species (breedimgntering, and migratory) that
use theRefuge Complexand the diversity of habitats required by those species throughout the
year, the small area of thRefuge Complezannot regonably be managed to ideally meet the
needs of all specie€ertain habitats have to be prioritized for management based on various factors
(e.g, management logistics, specibased area requirementand climate changempacts to
species and habitats)

RVA treatment Instead of using species data of varying quality, completeness, accuracy
and age, gecific habitats identified in th8pecies Habitat Management Pland by the
Refuge Staff weranalyzedaspriority resources, oconservation elementsn scenario
evaluationsat all time steps

91 Invasiveplant species Nortnative invasive plant species, namely Phragmites, kuatzdi fennel,
have displaced native vegetation on tRefuge Compleand throughout thesupporting landscape
These population expaims continue to encroach uporarious bird specieand displace the food
sources and vegetation structure that are importantth@m in breeding, winteringand migratory
periods of their life cycles.

RVA treatment Phragmites data were not incorporatedicitly as a stressor in this study,
but implications of invasive plant species amnsideredn the interpretation of results

1 Fisherman Island (human impactgjishermarisland NWRs critical breeding habitat for many
shorebirds, as it is undevelopeaid allowed to naturally respond to weather and storm events
Minimizing dayto-day human impacts (e.gecreational use) helps to minimize disbance to
breeding bird colonies

RVA treatment Fishermarisland NWRvas included in the most focused assessits as
part of theRefuge Complexand interpretations address the issues of bdewy bird colonies
on Fisherman

1 Huntingprogram: Eastern Shore of Virginia NVE&rently uses an annual hunt to managdeet
white-tailed deer population
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RVA treatment While data pertaining to deer populations were not specifically included as
inputs to the assessment, potential impacts of deer on key bird habitat watésus
scenarios are addressed

9 Culturalresources TheRefuge Complestill includes bunkers and abandesh buildings containing
materials and objects, some of which have historic vaRefuge staff must make decisions around
the maintenance, protection and display of these objects.

RVA treatment Certain higkpriority structures were included as conservatielemensin
the assessments at dine steps though specific recommendations pertaining to bunkers
and abandoned buildings are not offered

1 BeachaccessA specific stretch of shoreline habitat (on Fisherman Island) for the endangered
Northeastern beale tiger beetle Cicindela dorsalis dorsglisbuts private property, where the
public often accesses the refugehis may have negative impacts on this species.

RVA treatment This specific area, ar@l dorsalis dorsaland its habitafwere included as
elements in he assessment at dlime steps
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Chapter 3. Refuge Environment

Geographic/Ecosystem Setting

Geography

The Eastern Shore of Virgiiay R C A & K S N¥tloyakWildlifeRefiige srédocatedin
Northampton County, Virginiat the southern tipof the Delmarva Peninsulevhichis one of the most
important migratory bird concentration areas on the East CoHs¢ combination of habitat variety,
geographic location, food accessibility, protective cover, and minimal human disturbehct®

G T dfyd/ SY A I NI (ttheRefuye QddRpesuling spring and fall migratioy SFWS 2004B0th
refugesare locatedwithin the Chesapeake Bay Lowlands ecoregion as delineated by The Nature
Conservancy2009(Figure3). The ecoregin includes the DelmarvBeninsulgincludingVirgini&2 a
eastern shore) and the lolying coastal plain east of the Fall Line from Delaware south to the James
River in Virginia.
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Figure3. Regional context of the project area and Rigie Complex
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Figure3 shows the broader geographic contektr the study area The Chesapeake Bay Liands
ecoregion is displayed itavender, the supporting landscape, consisting of Accomack and
Northampton Countiesin gray autline and the approved boundary of the Refuge Complex, including
the Eastern Shore of Virginia NWR and Fisherman Islanelin red.

The Eastern Shore itself is comprised of Accomack and Northampton Counties on the Delmarva

Peninsula, with the ChesapeaRay to the west and Atlantic Ocean to the edsg(re2). TheEastern

Shore of Virginia NWR 1,123 acres, 108 of which occupy Skidmore Islkanérfile east of the

peninsula, separateffom the main part of the refugby MagoK & . I 8 0 ® CAAKSNXIyYy L&t |
southernmost barrier island and currentlyly pn I ONBa® ¢KS AaflyRQa aial S O;
accretion, or the movementofsanG.A 8 KSNX I yQa Lyf Si &SLJ MhstierSad CA & KSN.
Shore of Virgilm NWRby about half a mile (USFWS 200)e RAMSAR Convention designated
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consists of sandy plains with little topographic relief, where gentle streamigiaars drain to the

Chesapeake Bay and Atlantic OceHnis peninsula isarrowlyfringed with beaches, as well as

transitional tidal wetlandswhile uplandareascontainremnantpatches odeciduous and pine

dominated forestsMost of the uplands of th Eastern Shore of Virginia are either developed or in

agricultural uses

In the rest of the Chesapeake Bay Lowlands ecoregieasavest of the Chesapeake Bay contain gently
sloping lands with broad rivers draining to the ChesapeakeRagrs are flardd by large wetlands and
lowlandforests mostly mixed deciduous hardwoodduch of thismainlandlandscape is lightly
developed, witrsomeintensvely developed areas (e,dgdampton Roads/Newport News area, and
Richmond) thoughlarge expanses of secomowth forests remain throughout.

Land Use

TheEastern Shore of Virginia NWIRSs the site of former Fort John Custis Army Base latet, the

Cape Charles Air Force Base. Prior to its military ownership, the land was used for farming and raising
livestock.Other parts of refuge land remained in farm use until 1990. Fisherman IsMfRivas
historically used first as an immigrant quarantine station and then by the Virginia Coastal Artillery
National Guard in World War | aide U.SNavy in World War IDne thetwo refuges were
established, buildings were removed and much of the land was revegetlitedChesapeake Bay
Lowlands ecoregion has been substantially transformed by a long history of agricultural ysmead
recently, urbanizationLanduse on tle Eastern Shoreas beershiftingtowards residential
development(USFWS 20043lightly more thar3 percent of the supporting landscape is currently in a
developed classNOAA 2006 While the immediatesurroundingarea of theRefuge Complewould
historically havecontained marshes and inland wetlands, as welktimax vegetation of loblolly pine
and mixed hardwood specieis s currently characterized gy variety of successional communities due
to the pastand currentiand uss and managementApproxmately9 percentof the supporting
landscapas classified apastureor hayfieldand about 24 percent is cultivated for row crops, with
tomatoes, cucumbers, wheat, squash, and peppers being important uips&C2011). Approximate
land use and land covein the Refuge Compleand thesupporting landscapeas of 208, is modeled by
the 2006 Coastal ChanganalysisProgram (8CAPYNOAA2006)(Figured).

This landuse history and resulting mix of communities strongly influenceause of this landscape by
migratory birds, and consequently, the ways in which the Refuge Complex is managed for these species.
Further detail regarding distribution and management of specific habitat types and vegetation
communities can be found in theéd24 Comprehensive Conservation Plan (USFWS 2004) as well as the
Habitat Management Plan (USFWS 2010).
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Figure4. Land Use andLand Cover Typesof the Refuge Compleand Supporting Landscape NOAA 200H
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Vegetation

The vegetation of theupporting landscapef the Refuge Complex includes low tidal and coastal
communities early successional grassland and shrub hahite¢tlands and remnants of onc@ntact
forests. The maritime zone of the Eastern $higrvegetated with a suite of dune woodlands and scrub,
dune grasslands, sparse beach vegetation, pimminated and to a lesser extent, hardweddminated
forestss communities weladapted to deep sands, periodic salt spray, and oceanic storm impacts.

Thetypical development bmaritime vegetatiorin this aregproceedsalong a gradient from the beach
inland, startingwith the upper beaches and overwash flats that support a sparse assembl@gdited
edentula(sea rocket)Salsol&ali (northern saltwort),and a few other saltolerant, succulent annuals.

The foredune and oceafacing secondary dunes usually support more stabilized grasslands dominated
by combinations oAmmophila breviligulat§American beachgras$lanicum amarunvar.amarum

(bitter seabach grass)Jniola paniculatgsea oats)Panicum amarumar.amarulum(beach panic
grass)Spartina patengsaltmeadow cordgrassychizachyrium littoraléseaside little bluestem),

Triplasis purpure@urple sandgrassgolidagesempervirensar. semperirens(seaside goldenrod), and

a few other species.

With increasing distance from the shoreline, more protected back dunes become vegetated with
evergreen shrublandsprimarily Morella pensylvanicénorthern bayberry) oMorella cerifera(southern
bayberry) On very high, xeric back dunes, a rare maritime woodland of stunted loblolly pine and
Hudsonia tomentosésandheather) occurs at several sitédaritime forests that occupy the most
protected dunes and sand flats have bageatlyreduced by clearing ahcoastal developmeniihe
most mature maritime forests of the Eastern Shore generally consist of loblollyrpxeel withPrunus
serotinavar.serotina(black cherry) and several ogbecies Maritime-zone wetlands include some of
the state@ rarest natual communitiesincluding sedevel fens, interdual ponds and wet grasslands,
and maritime swamp forests.

Inland of the maritime zone, the original forests were probably similar to timsed elsewhere in the
Coastal Plain (e.g., oak/heath, eaikkory,and mesic mixed hardwood forest3hese forests have
largely been cleared for agricultur€hose that remain have been repeatedly cut and are mostly
represented now by successiorsainds ofioblolly pine sweetgum andred maple(Pinus taeda
LiguidambarstyracifluaAcerrubrum). Theseanthropogenidisturbances throughout theupporting
landscapénave provided opportunities fanon-native plant species to invade and alter the native
vegetation species assemblage and structifen-native species such aaphnese honeysuckle
(Lonicera japonica multiflora rose Rosa multifloryy, garlic mustardAlliaria petiolatg, commonfennel
(Eupatorium capillifoliury Russian oliveHlaeagnus angustifoliand Lespedezapp. have become well
established on thesupporing landscapelThese woody species may be most detrimental to migratory
bird populations, via outcompeting, and reducing the cover of foeiring shrubs and other native
vegetation the uplands of the southern tip of the peninslialower areas, such @®astal wetlands and
streams, the most notorious invasive plant specid3hsagmitesp. This reedeadily outcompetes
native wetland plant species to dominate local vegetative cover and has thus beeelirestablished
throughoutmuch ofthe wetland/upland ecotone®f the supporting landscape
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Geanorphology and Topography

The Delmarva Peninsula is part of the Atlantic Coastal Plain, which slopes seaward. The peninsula
originated during the last glacial retreat, in which rising sea levels filled the Busguehanna River
valley, forming the Chesapeake Bay and separating the area from the maiRlaciating sea levels
over several thousand years created the maletoon system on the eastern side of the Delmarva
Peninsula. Some uplift has occurredtha Peninsulaince the retreat of the glacierbutit is being
balanced by rising sea levels (around 1.2mm per ykarjdscape features include bottomland forests,
salt marshes, and tidal creeks with fringing marsfédal creeks are fed by intermittefreshwater
streams, some of which are dammed to form impoundmdhtSFWS 2004)

Because of the influence of the ocean and the flattening effect of wind, the landscape Réthge
Complexs typically flat with elevations usually betwesea levebnd20 feet. Landscape featuse
specific tothe Eastern Shore of Virginia NWiRlude low bluffs and a narrow beach on the western side,
low-lying woods, intertidal wetlands, and small tidal creeks and ponds along the easterB8aildeare
mostly sand, siltand shell fragments. THeastern Shore of Virginia NVMRsusceptible to winds, waves,
and currents; its location relative to the Chesapeake Bay and Atlantic Ocean provide conditions for
accretion and erosion of shorelindsisherman Island NWR is espégiausceptibled geomorphic
processes of sediment deposition and shoreline accretimfeed, Fisherman Island formed in the past
200 to 250 years, due to the displacemensahds and sediment from nearby lowatore face
environments As a result, sandnd sedimentominate the soils of Fisherman Islafi@rraindisplays
mild ridgesandlow areas containing scattered swales, ponds, and flats, witht ephemeral sandars
and spitsaround the island peripheryrisherman Island changeonsiderably ovetime, with significant
changes occurring from hurricanes and tropical storms (Allen and Oertel.2005)

Climate

+ ANHAYALFI Q&8 9F&a0SNY {K2NB SELISNASYyOS&a I YAfRI Kdz¥a
moderating temperaturesAccording tahe IntergovernmentaPanel ondimate Change (IPC@ourth

Assessment estimates (Medium A1B Emission Scenario), the current average annual temperature for the
Supporting Landscape rangesrii 56 to 59 degrees Fahrenhéitased on data from 1951 to 200&)s

shown inFigure5 (PRISM 2007). According to the 2004 CCP, seasonal low and high temperatures range,
respectively, from a January average of 44 degrees to a July average of 77 degrees Fahrenheit. The

summer months are slightly wettehan the rest of the year, where precipitation is generally more

evenly dispersedThe IPCC Fourth Assessment (Medium A1B Emission Scenario) estimates annual
precipitation ranging from 39 to 44 inch@sased on data from 1951 to 200&)s shown ifrigure6

(PRISM 2007During the summer, the weather pattern of the Eastern Shore undergoes slight frontal
FOGAGAGE YR Ada adzoeSOG G2 GKS a. SN¥dzZRI | AIKZE GA
weather is governed bysft, frequent polar fronts originating from the northwest.
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Figureb. CurrentAverage Annual Temperature for Supporting Landscape.
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Figure5 displaysthe current average annual temperaturganging from approximately 57 to 59 F
across the supporting landscape, as @951¢ 2006 temperature dataThese data were summarized
FYR YIFLIWSR dzaiAy3d (GKS bl (i dzNdBwcimBeizadotyd | y O Qa / €AYl GS
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Figure6. CurrentAverage Annual Precipitation for Supporting Landscape
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Figure6 displays current average annual precipitation, ranging from 39 to 44 inches across the
supporting landscape, as per9b1¢ 2006 precipitation dataThese data were summarized and
YIELIISR dzaAy3d GKS bl (dNB uwdomméibaBodg O Qa / f AYFGS 2 A0
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Northeasters and hurricanes, responsible fagthtides, strong winds, and heavy precipitation, are the

two chief storm types influencing the Eastern Shore. Northeasters are sluggish low pressure systems,
generating strong northeast winds as they move up the Atlantic Coast. Northeasters usually happen
during the fall, winter, or early spring. Hurricane season is June to November, with hurricanes traveling
offshore, along the coast, or inlan&ignificant storm damage, including flooding and erosion, can be
experienced but is not usually as extre as irstates farther southA recent exceptionally devastating
storm was Hurriane Isabel, in 2003igh winds (sustained over 50 mph) and storm surge (over 4 feet
on Fisherman Island, resulted in significant flooding and shoreline eroritime refuge (Allemnd
Oertel2005).

Future climate projectionfor the assessment area are summarized usifgS b 1 dzNS / 2y A SNID|
Climate Wizardvgww.climatewizard.or}y which maps temperature and precipitatibased orthe IPCC

Fourth Assessment Future Climate Modé\aurer 2007).These projectionsse the Medium A1B

Emission Scenario with an Ensemble Average.

The Medium A1B Emission Scenario, using the ensemble average, predicts annual average temperature
on the Supporting.andscape to increase from between 1.3 and 6.4 degrabseRheitby the 2050s

(Figure7), and from between 2.8 and 7degrees Bhrenheitby the 20804Figure8) (Maurer2007). This
scenario projects piepitation increases as well. By the 2050s, average precipitation is modeled to
increase by 1 to 7 inches per ydkigure9). Annual average precipitation for the Supporting Landscape

is predicted to increase by 2.4 to 8nthesby the 2080gFigurel0) (Maurer 2007).

Note that parts of the study ardack temperature and precipitation dathue to the coarseesolution
of the data.lt is reasonable to extrapolate temperature and precipitation informatoi forecasts for
the omitted areas based on adjacent areas containing data.
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Figure?. Projected Average Annual Temperature fibe Supporting Landscape by the 2050s
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Figure7 displaysthe predicted midcentury average annual temperature, ranging from approximately
61 to 63 F across the supporting landscapéese data were summarized and mapped using the

bl G§dz2NE / 2y aSNDI y OdvQdatewizdrdbory and asetl dnilPCEFRourth Assessment
Future Climate Models, specifically the Medium A1B Emission Scenario with an Ensemble Average
(Maurer 2007).
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Figure8. Projected Average Annual Temperature for the Suppogtibandscape by the 30s
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Figure8 displays the predicted endcentury average annual temperature, ranging from approximately
62 to 65 F across the supporting landscape. These data were summarized and mappedhgsing

bl {dz2NB / 2y aSNDI y OwdvQidatewizdrabry and Kasetl dnilPCEFRourth Assessment
Future Climate Models, specifically the Medium A1B Emission Scenario witBresemble Average
(Maurer 2007).
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Figure9. Projected Average Annual Precipitation for the Supporting Landscape by t@<20
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Figure9 displays the predicted midcentury average annual precipitation, ranging froapproximaely

40 to 46 inchescross the supporting landscape. These data were summarized and mapped using the
bl GdzNB / 2y & SNDI Yy OvidvQidatewizdrdlor), &nd ased dnlIACERourth Assessment
Future Clinate Models, specifically the Medium A1B Emission Scenario with an Ensemi#eage
(Maurer 2007).

Eastern Shore of Virginia and Fisherman IslandNWR RefugeVulnerability Assessment 22


http://www.climatewizard.org/

FigurelO. Projected Average Annual Precipitation for the Supporting Landscape by the 2080s
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FigurelOdisplaysthe predicted endcentury average annual precipitation, ranging fro

approximately 47 to 48 incheacross the supporting landscape. These data were summarized and
YILIWSR dzaAy3d GKS bl (dz2NB  uwa.onSvidald.orlyaOkEbaseéd oh PECY G S 2 Al
Fourth Assessment Future Climate Models, specifically the Medium A1B Emission Scenario with an
Ensemble Average (Maurer 2007).
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Potential effects of temperature and precipitation chasgnclude shorter, wetter winters with fewer
freezing daysPrecipitation patterns could become more extreme, consisting of more downpours
combined withmore frequentshortterm droughts. Increagkfrequency and degree of stormelated
flooding is anotheconcern (The Nature Conservancy 2010) associated with these predicted changes.

Since thiRVAfocuses on the impacts of sea levise on the Refuge Complex anghbportinglandscape,
the precipitation and temperature predictions from the Medium A1B EmisSicenario we not

directly appliedn this RVAlInstead,Sea Level Affecting Marshes Mod#dta (SLAMM 2011yere used

to assess sea level rise impadithe SLAMM future sea level predictions are developed using the IPCC
predictions of temperature inciase, and multiple SLAMM outputs are available, based on the multiple
IPCC scenarios usé their development. For thBRVA, the SLAMM outputs based on thméter IPCC
scenario were used instead of the Medium A1B Emission Scenario, as the latter doesvids full
covergye of thesupportinglandscapeFor this overvievof climate in the assessment argamperature
and precipitation projections based on thenieter scenariavere not available via Climate Wizard, and
the Medium A1B Emission Segio was sed as an alternate.

Refuge Resources, Cultural Resources, and Public Uses

RefugeResources

The Refuge Complex harbordigersity of biological resources, includingaageof upland, maritime,
and wetland vegetation communities, and 124 trust specieanafiagement concerl{SFW2004). The
primary objectives for establishment of theo refugesareto consene andmanagehabitatsimportant
to a variety ofbird specieshroughout the yeargspecially during migratory a@rwintering periodsThe
Refuge Compkandsupporting landscapeontainuplandearly-successional habitats (shrublands and
grassland), marshes, beach habitats and varionaritime dunecommunities (grasslandgoodlands,
scrub)that are important habitat foa broad diversity of bird spedaluring their breeding, migratoyy
and wintering periodsTheRefuge Compleand supporting landscapare particularly importanas
migratory stopover habitator frugivorousand insectivorous passerine specieskewise, &rious marsh
types are usegearroundby wading birds and waterfowhs well as some passerine specidese
include the piping plover, a beattesting federally endangered birdpecieswith historicand current
breeding and migratory records from tliRefuge Complex

In addition to lird species and therequiredhabitats, theRefuge Compleis home toother trust
species as wellhe federally endangerddortheasternBeachTiger Beetle (Cicindela dorsalis dorsglis
known from the western beaches of tlseipporting landscapéncludng a small population on the
Eastern Shore of Virginia NWHhe southern tip of the Eastern Shore is also known as a significant
migratory stopover for monarch butterflies during their fall migration to Mexico.

These species and habitats, as well as otlegetation communities and animal species (estate-
listed species and higpriority resources)are described in the CCP and tiraft HMP. Priority
resources considereand addressed in this assessmang listed inAppendixB.
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CulturalResources

The National Environmental Policy Act calls for cultural resources to be considered in federal planning
endeavors. Further, the National Wildlife Refuge System Improvement Act requires archaeological and
cultural values for each refie to be identified in its CCP. The National Historic Preservation Act requires
federal agencies to protect historic resources if the resources are eligible for listing in the National
Register of Historic Placekhe Eastern Shore of Virginia Nationaldife Refuge has a farmstead that is
eligible for the National Register of Historic Plage®other potentially eligible feature is the remains of
Fort John Custis of the Chesapeake Bay Harbor Defenses. Nine additional sites were evaluated, but none
waseligible for the Register. Cultural resouradd-isherman Island include four Harbor Defenses
buildings from WWIIHunting and fishing cabins, and quite possibly cabin sites from the late 19th and
early 20th century, also exist on the islatnbneof theseresources on Fishermdsland hae been

assessed for eligibility for the Register, so it remains undetermined whether any of these locations will
be preservedUSFWS 2004)

PublicUses

The main mode of public access to the Eastern Shore is U.S. Roung th& &€hesapeake Bay Bridge
Tunnel.The Eastern Shore Railroatsooperates in Accomack and Northampton Countielsich

includesa car float servicethough visitors cannot use the car float service to access the Eastern Shore
of Virginia Visitation tothe Eastern Shore of Virginia NWWRs grown since 1996 and is expected to
increase along with development on the Eastern Shore. Currently, most visits serve as wagpoints
route to other activities, rather thamsdestinations When theRefuge Compleis used as a destination,

it is usually for educational prograntsy military historyenthusiasts or groups using the conference
facilities Hunting, fishing, wildlife observation, photography, and environmental educatial
interpretation are publieuse asetsof the Refuge Compleand areprioritized in one of thesix
management goalm the CCRUSFWS 2004roximity to Kiptopeke State Park, Cherrystone
Campground, Chincoteague National Wildlife Refuge, Assateague Island National Seashore, the Virginia
Sace Flight Center, towns, and waterfront is another desirable feature to the WSEWS 2004)

Within the Refuge Complelzoundary, various infrastructure resources must be managed to allow safe
and educational use by the publithese infrastructure ources includeariousbuildings and

structures foraccommodatingtaff and volunteers and their equipmerttikewise, the Visitor Center,
photo blinds and a number of kiosks are maintained for educatignaposes There are also boat
ramps for public us All of these resources are further supported by infrastructure such as utilities,
trails, roadways, gatesnd signs to manage their access and maintenance.

Resources Assessed in the RVA

Resources of Management Priority

Thisassessmentocused on the tghestpriority resources managed on thiRefuge CompleBiological
resources identified in the CCP ahd priority habitats from theHMP provided a comprehensive list of
resourcedor consideration in a vulnerability assessméippendixB). This list was further prioritized
based on discussions with partners at the RVA scoping workshop, priority habitats identifiedHiEhe
andsubsequentommunications with refuge stafflighestpriority resairces for inclusion in the RVA
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included rare, threatenedand endangered species known to use Befuge Complexegetation
communities and habitat types valuable to priorifgeciesand certainMClon the Refuge Complex
necessary for its management and public ..Ggtical stressors we identified and characterized in
spatial scenarios for four points in time&:current baseline, 2025, 2050, and 210tkese scenarios were
analyzed to understand theffectsof the stressors on refuge resources at those various points in time.

Resourceincluded in thiRVAareindicated inAppendixBl & &t NA 2 NA .ds8ueavtat affeta 2 dzND S &
these highespriority resourcesnclude:

9 Effects otransportation and transmission line corridors in and aroundRestuge Complex

91 Efects of gay infrastructure features within the boundaries of tRefuge Complete.g, buildings,
kiosks)

1 Effects of laneuse change (e.gdevelopment omther landuse change from natural statem the
supporting landscapen the resources managed dhe Refuge Complex

9 Effects ofSLRon specific vegetation community types and habitat typeportant to migratoryand
resident bird species

In thisassessment, scenario outputs are interpreted to assess and summarize expectedstbhange
Priority 1 resourcsresulting fromstressorsat four future time stepsbetween now and 2100Chapter 4
of this reportsummarize®ptions and recommendatiorfer adapting management action to help
assureRefuge Complegoals are met in the face of stressors

These scenariossessments were conducted using the NatureServe Vista (Vista) ArcMap extension
(NatureServe011).Assessment inputs and results for this part of the assessment are all stored in an
accessible Vista project database, and the inputs can be manipulategltresubsets of the resourse
datasetsand geographic area(s) evaluated.

Infrastructure of Management Importance

A thorough list of infrastructure was compiled via the CCP and communications with refuge staff. While
not all infrastructure resources coulik assessed in this project, highiority, missioncritical

infrastructure (MCI) resources were assessdtew S ¥ dz3 S / 2 Y L¥Eri&aliff@astrocura(®an2 v
is listed inAppendixC The list also indicates whether the riastructure feature is @riority resource to

be retained(i.e.,will be managed for its maintenance as M&id/or is a stressor on other resources
Treatment of infrastructure in the RVA can be complex; wdskessin$/ICl isstraightforward it is more
complicated to assess infrastructure that is:

A. On refugdands(or future acquisition lands) that cannot be removed but the refuge is not
responsible for maintaining it or protecting it from natural disturbance
B. Outside refugdandsbut the refuge has a depelency on it

Inthis RVAfine-scale featuresq.g.,fences, kiosks) were not addressed as we focused on ongoing or
forecast future impacts at the landscapeale caused primarily by roads autdities.
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Resource Stressors

Resource stressors include langkLinfrastructure, management practices, and natural or human
induced disturbances such as climate change effects and invasive sggaesic stressors as identified
in the CCP (USFWS 20844 considered for assessmeare listed inAppendixD. Stressors were
assessed in this study when they could be mappetiodeled as present on thRefuge Compleandin
the supporting landscapeand wheresufficient subjectmatter expertise was accessible to determine
resource response to the stressolls some casegdnfrastructure on theRefuge Complesan be
consteredboth a resource if considered missienticalandas a stressor if it also poses some threat to
another resource of management importandée key stresss of management interest are:

T

Infrastructure: Transportation and utility infrastructure on thRefuge Compleand in the
supporting landscapare considered both mission critical and as stressors to other resadroes
Refuge Complexcludes access roadvarious surfacegnd transmissiottine rights of waythe
supporting landscapimcludes infrastructure stressors as wslich agJ).S highways Virginia
primary highways railwaysand transmission lines

Development In the near termthe area withinthe supporting landscapis expected to be under
high development pressur¢hreatening conversion of habitats within the acquisition boundary and
in areas ulized by species in the refuges

Climate changeClimate change impactgimarily in the form ofea level rise that will inundat
coastal marshes and other lelying areas, increase inundation from stormgeirand cause
shoreline erosiotis of management concern.

The list of stressors and whether they were includtethe assessmenits found inAppendixD.

Eastern Shore of Virginia and Fisherman IslandNWR RefugeVulnerability Assessment 27



Chapter 4. Vulnerability Assessment

Resource Selection

Thecurrent Refuge CompleXCP lists a large number of species managed for and associated with the
Refuge ComplefySFWS 2004 deally an RVA would assess all resesyrbut napping and analyzing all
species would be prohibitive in terms of cost and titmethisRVAa shorterlist of highestpriority
resources was identified fassessmentAn initial list of priority resources was developed with the
following consiérationsin mind

1 Legal/regulatory requirements derived from tiRegulatory &Policy Framework (seAppendixA)

9 Other policies and plans of théSFW&nd partnes (seeAppendixA)

1 Species and biologicabmmunity global and state imperilment status as established by NatureServe
(G-Ranks) and statbasednatural heritage programs ({Banks)

1 Refuge stafexpertise

9 Stakeholder and partner opinion

1 Availability of data and expert knovdge sufficient for the angses

We conducted a contextual analgstomparing resource representation in the refuge versus the
supporting landscape and ecoregitinfurther inform the list of resources to be asses¢seeResources
Contextual Assessment section bejoRefuge staffinalized thelist of resourcego be evaluated in this
RVA The initial list of resources considered and those included on the final list for assessriomid

in AppendixB. To conduct a assessment with practical value Retige Complestaff, only resources

f A40GSR | & ApperidBavdidincladedvr thiskagsessment

Priority 1 resources were ndimited to federally or statdisted speciesA number ofabitat typeswere

included as resowes to serve asurrogates for the array of priority specilegkingsufficient data for

thisRVATheseh y Of dZRSR A LISOATAO KIFoAGl Ga A RBfygé Gompl&xR | a4 aw
as per the HMP policy (620 F{WSFWS 2010Fhe HVP policy (620FW) definesx NS & 2 dzNOS&a 2F O2
as

a Il plant and/or animalspecies, species groups, or communitispecifically

identified in Refuge purpose(s), System mission, or international, national,

regional, State, or ecosystem conservation plans or acts. éx@ample,

waterfowl and shorebirds are a resource of concern on a Refuge whose

LJzN1J32 &S A& (2 LINRBGSOG WYAINXdGAy3 6F0GSNF26t YR
threatened and endangered species on that same Refuge are also a resource of

concern underterms oS NB & LISOGA @S Sy RIy3ISNBER alLISOASa | Oda

The HMP is currently being finalizedong withits supporting list of priority resources of concefiinis
list is based on the priority species of greatest significance that are most likely to be impacted by
managment andchanges tdabitats foundon the Refuge Complexziventhe broad array of bird
species that use thRefuge Compleat various times of the year, managifay particularspecies is
often impracticaldue to thelimitations of refuge area, time, dfaand resourcesPrioritization is
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necessary to focus amagement resources on the highiority habitats that are included in the Habitat
Management PlanTable 32 and or 33 from the HMP)This assessment concentrated on these habitats
and the projectél changes in their area and distributions over tifhis focus was established for this
RVAbased on discussions with refuge staff and due tofttot that spatial data for higpriority habitat

was more readily available (and/or could be developed) tiiata for all bird species of concern

Habitats from the HMP included in this study areludedin AppendixB.

ResourceLontextualAssessment
Resource contextualssessmentéStep 2 irFigurel) are intended to identify additional resources that
may not currently be management priorities for the refuge that may be candidates for the RVA because:

1. Theyhavehigher representation on the refuge relative to the supporting landscape and
ecoregion contexts.

2. Theyhave relatively low representation on lands administered by stewards with a conservation
mission.

3. They have relatively low representation on lands managed for conservation purposes.

To conduct the firstontextualassessment, watilized the supporting laadscapeand ecoregional
contextto understand the representation of resources within the refuge relativéhtseareas.Tablel
illustrates the relative importance of the Refuge Complex for conservation of priority resourcéise For
second assessment vamalyzel the proportion ofeach priority species and ecological systesource
contained in theRefuge Compleselative todifferent categories of stewards (e.g., agenci@gble2).

For the third assesnent we analyzed representation of resources under different categories of
conservation statuse(g, GAP status(Table3).

Although these contextual assessments were completed, they did not directly inform the identification
of priority resources in this vulnerability assessmdrather,a comprehensive list of resources was
identified at the initial stakeholders meetidgased on the considerations identified at the beginning of
this chapterand then via conversations at that eeting and followup conversations with refuge staff,
wasprioritized from1 to 3, high to lowAppendixB listsall resources considered for inclusiortlie

RVA though only Priority 1 resources wesssesseth thisRVAHowevae, it is useful to understanthe
management and conservation context of the priority resources, so the results of these contextual
assessments are summarized here.
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Tablel. Resourceistribution on Refuge Complexs. Supporting Landscape

Occurrence®f Area of Resource | Total Area
Occurrences Resourceon Area of on Supporting of Resource
of Resource | Supporting Landscape Resource on Landscape but on
on Refuge but OutsideRefuge Refuge OutsideRefuge Supporting
Data Source Complex Complex Complex Complex Landscape
Resource name EO | derived | count | % count % acres % acres % acres
Maritime Dune Grassland w 1 20 4 80 2.3 1 236.0| 99 238.3
Maritime Dune Scrub w 2 50 2 50| 213.7] 59 14991 41 363.6
Maritime Dune Woodland 0 0 0 6 100 0.0 0 212.5| 100 212.5
Maritime Wet Grassland (G1) w 0 0 2 100 0.0 0 34.0| 100 34.0
Maritime Wet Grassland (G3) ) 1 17 5 83 43| 11 35.8| 89 40.1
Monarch Migration Roost w 1 100 0 0 79 92 0.7 8 8.5
Northeastern Beach Tiger Beetle W 1 8| 11 92 7.3 3 236.6| 97 243.8
Early Successional Upland* W n/a na| nla n/a 195.7| 97 5.4 3 201.1
Freshwater Emergent Marsh* w nla nfa| nla nl/a 396 83 80| 17 47.5
Maritime Dune Grassland* w n/a nfa| nla nl/a 266.9| 100 0.1 0 267.0
Maritime Dune Scrub* w nl/a nfa| nla n/a 1191 o8 25 121.6
Maritime Dune Woodland* w n/a nfa| nla n/a 122.3| 99 1.0 123.3
Marit.ime Upland Foresbeciduous w
Dominated* n/a nfa| nla n/a 277 81 6.7 19 34.4
Maritime Upland ForesPine Dominated* w nla nfa| nla nla 157.2| 78 456 | 22 202.8
Upper BeackOverwash Flats* w n/a nfa| nla n/a 214.8| 100 0.6 2154
Tidal Polyhaline Marsh Complex* w nla nfa| nla nla 933.8| 99 8.8 1 942.6
Seaside High Flat® w n/a nfa| nla n/a 126.6 6,538.7| 98 6,665.4
Seaside High Marsh” w nla nfa| nla nfa| 408.6 44,786.1| 99 45,194.7
Seaside Lagoon” w nla nfa| nla nla 697.2 130,590.6| 99 131,287.8
Seaside Low Marsh”® w nla nfa| nla nla 525.0 28,783.2| 98 29,308.3
Salt Flat w 2 50 2 50| 326.5| 92 27.4 8 353.8
Tidal Mesohaline Polyhaline Marsh (G4)| w 0 0 2 100 0.0 0 1,067.1| 100 1,067.1
Tidal Mesohaline Polyhaline Marsh (G5)| w 0 0 1 100 0.0 0 2,201.0| 100 2,201.0
Upper Beach Overwash Flats w 1 25 3 75| 326.4| 32 703.6| 68 1,030.0
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Tablel exemplifies one aspect of a contéual assessment: an assessment of the distributionpoiority resources on thdRefuge Compleand
supporting landscapeArea ofRefuge Compleis based on actual lands owned by th#S-WS, not the approved boundary, which includes many
parcels owned by dier entities. This table is limited to the priority resourcesgnservationelements) included in thilRVA which are rare species
and vegetation communities tracked by theirginiaDCRDivision ofNatural Heritage, as well as specific habitat types ind&@in the HMP, which
were derived using vegetation maps of tHeefuge ComplexAn * indicates gpriority habitat as per the HMP on th&efuge ComplexA ~ indicates a
priority habitat as per the HMP on theupporting landscapéi.e., within the approved RRfuge Complex boundaryMultiple occurrences of
vegetation communities, which are also priority habitat types, are present in the study area, with multijgiral heritage global rarity ranks (G
ranks). These are separated in this table based on thaia@k.

Priority resources were also assessed from management and conservation perspectives within two contextRetygkeComplexand 2)supporting
landscapeThough this assessment was not used to identify priority resources for theTRWI&2 summarizeshe distribution of priority resources
across different agency stewardsth a resource conservation mission.

Table2. Resource Distribution in Refuge Complex and Supporting Landscapefteyddit Land-Steward Categories

Total Areg
of Resource
Resourceg Conserved by USFWS (nor
in Study Refuge Refuge
Area Complex Compley NASA TNC NPS VA DCR | VA DGIF VA MRC
Resource acres acres | % | acres| % | acres| % |acres| % | acres| % | acres| % | acres|%/| acres |%
Maritime Dune Gassland 238.3 23 1} 879 37 693 29 20 1 n/al nfal 28.1 12 n/an/a n/an/a
Maritime Dune Scrub 363.6 213.7 59 nfal n/al 112.4 31 n/al n/a nfal nfal 314 9 n/a‘n/a n/aln/a
Maritime Dune Woodland 2125 n/a| nfal 141.§ 67 10.1 5 n/a n/a n/a| nfal 35.3 17 n/a‘n/a n/aln/a
Maritime Wet Grassland (G1) 34.04 n/a] nfal 34. 10C n/al| n/al nl/a n/a n/al n/a n/aj n/a n/a‘n/a n/a‘n/a
Maritime Wet Grassland (G3) 40.1 4.3 11 54 14 n/al n/a 9.2 23 04 1 184 46 n/a‘n/a n/aln/a
Monarch Migration Roost 8.5 79 92 n/aj nla n/al| n/al nl/a n/a n/al n/a n/al nfal nl/an/a n/a‘n/a
Northeastern Beach Tiger Beetle 243.9 7.3 3 n/al n/a n/a] n/a 2¢ 1 n/al nfag 56.1 23 22 1 n/aln/a
Early Successional Upland * 201.] 195.% 97 n/aj nla n/al| n/al nl/a n/a n/al n/a n/al nfal nl/an/a n/a‘n/a
Freshwater Emergent Marsh* 47.5 39.¢ 83 n/aj nla n/al| n/al nl/a n/a n/al n/a n/al n/a n/a‘n/a n/a’n/a
Maritime Dune Grassland* 267.0 266.4 100 n/al n/a n/aj n/a] n/a n/a n/al n/a n/al n/a n/a‘n/a n/aln/a
Maritime Dune Scrub* 121.4 119.1 98 n/aj nla n/al| n/al n/a n/a n/al n/a n/al n/a n/a‘n/a n/a‘n/a
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Total Areg

of Resource
Resource Conserved by USFWS (nor’
in Study Refuge Refuge
Area Complex Compley NASA TNC NPS VA DCR | VA DGIF VA MRC
Resource acres acres | % | acres| % | acres| % |acres| % | acres| % | acres| % | acres|%/| acres |%
Maritime Dune Woodland* 123.3 122.3 99 n/aj nla n/al n/al n/a n/a n/al n/a n/al nfal n/an/a n/an/a
Maritime Upland ForesDeciduous Dominate( 34.4 27.1 81 n/al n/a n/aj nfal n/a n/a n/al n/a n/al n/a n/a‘n/a n/aln/a
Maritime Upland ForesPine Dominated* 202.9 157.4 78 n/aj n/a n/a| n/al n/a n/a n/al n/a n/aj n/a n/a‘n/a n/a‘n/a
Upper BeackOverwash Flats* 215.4 214.¢ 100 n/al n/a n/aj nfal n/a n/a n/al n/a n/al n/a n/a‘n/a n/aln/a
Tidal Polyhaline Marsh Complex* 942.6 933.§ 99 n/aj nla n/al n/al nl/a n/a n/al n/a n/al nfal n/an/a n/an/a
Seaside High Flat® 6,665.4 126.4¢ 2 104.7 2 1.7 0 1259 2 599.7 64 0 97 0 75( 1
Seaside High Marsh” 45,194.] 408.¢ 12,006.] 418777 46,815.¢ 15 98.9 01,3325 34,220.3 913,438.4 30
Seaside Lagoon” 131,287. 697.4 1 206.: 0 353.7 0 6611 135504 3 1629 O 467.7 0 1,779.¢ 1
Seaside Low Marsh” 29,308.1 525.( 2 293.t 1 66. 06,723.4 23 221 01,406.( 52,228.4 8 9,141.]31
Salt Flat 353.¢ 326.5 92 n/aj nla n/al| nlal] 124 4 n/al n/a 4.2 1 nlap/a n/an/a
Tidal Mesohaline Polyhak Marsh (G4) 1,067.] n/a n/a n/al n/a 9.2 1 n/al n/a n/al n/a] 695.4 65 n/a‘n/a n/aln/a
Tidal Mesohaline Polyhaline Marsh (G5) 2,201.¢ n/al n/a n/aj nla n/al n/al nl/a n/a n/al n/al2,032.7 92 n/a‘n/a n/a‘n/a
Upper Beach Overwash Flat 1,030.¢ 326.4 32 n/al n/a n/al n/al 223.71 22 n/al n/a] 140.7 14 n/a‘n/a n/aln/a

Table2 summarizeghe percentage of each resource throughout the stuthat is permanentlyconserved on lands managed Iblye most prominent
stewardsof these resourcesAdditional lands supportinghese priority resources are managed by other stewards, lota lesser extentLand
steward acronyms aras follows: NASANational Aeronautics and Space Administration, TN®e Nature Conservancy, USFWhited States Fish
and Wildlife Service NPSU.S.National Park Service, VA DORrginia Department of Conservation and Recreati@and VMRGC Virginia Marine
Resources CommissioAn * indicates gpriority habitat as per the HMP on th&efuge Complernly. A ~ indicates griority habitat as per the HMP

on the Refuge Complexor supporting landscapeMultiple occurrences of vegetation communities, which are also priority habitat types, are present

in the study area, with multiplenatural heritage global rarity ranks (&anks). These areeparated in this table based on that-@&nk.
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The distribution of pority resourcesacross lands of varyirgpnservation statughroughout the

supporting landscapeas also summarizedhe Biodiversity Management Intent (BN#ja conservation
statusattribute maintained for all conserved land in the Virginia Natural Heritage Conservation Lands
database. The BMI status code classifies lands afivessategories based on known approaches to

management of those lands for biodiversity conservation. Thedesare similar tohe four GAP

biodiversity managemerdtatus codes as per the Mapping and Categorizing Land Stewardship, in

Handbook for Gap Analysigersion 2.1.0accessible from
www.gap.uidaho.edu/handbook/CompleteHandbook. [§@fist2000), but were extended to apply more
ALISOATAOIfTtEE (2 +ANBAYAlIQa /2YyaSNBSR [FYRa |yR (K
spatial data and BMI codes from the VirgiBi@R Divisionof Natural Heritage were selected over
comparablenational datasets because this statvel data is most up to dat€@nly BMI status codes 1,

2, and 3 were used in this ctextual assessmenti KS f 24 SNJ I . aL &d02NB O0ADPSPd |
protected are, the greater the focus on managing that place for biodiversity conservatigher BMI

scores (e.g2 and 3) are assigned to conserved lands that might also be managed for other values and

uses Though only BMI scores of 1, 2 and 3 were used in this &Nive BMI codes are defined below:

1. Specifically Designated for the Protection of Plant and Animal Communi#iesarea managed to
maintain and protect natural plant and animal communities within which disturbance events (of natural
type, frequencyintensity, and legacy) are allowed to proceed without interference or are mimicked
through managementExamples include Wilderness Areas, National Forest Special Biological Areas,
Research Natural Areas and Roadless Areas, Nature Conservancy Presde/Bisit@al Area

Preserves, and National and State Parks with a nature focus.

2. Designated for the Conservation of Plant and Animal Communities with Limited Impacts Permitted
An area managed to maintain a natural state, the use of which leads to magoadation.Examples

include many National Fish and Wildlife Refuges, most State Parks, State Wildlife Management Areas,
and natural Stream Valley Parks. The managed area includes an area less than 10¥%hadenan
vegetation and improvements

3. Designatedor Natural Resource Conservation and Recreation /s area managed for multiple

conservation and recreation uses but only incidentally to protect natural plant and animal communities.
Examples include most National Forest matrix lahds$ are used tayenerate timbersome State Parks

GAGK | Odzf GdzNF £ NB&A2dz2NDOS F20dza adzOK +a {dGlFdzyizy w
Parks; private timber landbkat are not converted from natural forests when logged and that have a

chance to become naral forests before they are logged agaamd private lands under open space

easement that include specific language to protect the natural land cover from conversion to

agricultural or other land uses.

4. Unknown Management InterntManagedareas for whth management intent is currently unknown.
These lands need to be investigated further before a management status rank is assigned

5. No Designation or Management for Conservation of Natural Conditiolseas having no
management or conservation directida sustain, restore, or enhance natural land cover values.
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Examples includgtate or nationalparks andnonuments in urban settings; mampunty, city, and
regionalparks; most Virginia Outdoor Foundation easements; sportsman club properties; private
agricultural lands and lass used for commodity timbgsroduction using nomative species or
monocultures; residential landsnd urban lands.
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Table3. Total Area and Percentage of Resource Conserved by Biodiversity Management Intent

Total Resource on BMI 2 BMI 2 BMI 1, 2
Conserved Land BMI 1 (onRG (outsideRQ BMI 3 or3
Resource acres % acres | % acres % acres % acres % %
Maritime Dune Grassland 193.5 81 18.7| 8 2.3 43 99.3 42 732| 31 81
Maritime Dune Scrub 357.4 98 160 4 213.7 63 15.4 4 112.2} 31 98
Maritime Dune Woodland 187.1 88 353 17 0.0 67 141.8 67 101 5 88
Maritime Wet Grassland (G1) 34.0| 100 n/a | n/a 0.0 100 340| 100 n/a | n/a 100
Maritime Wet Grassland (G3) 37.7 94 27.6| 69 4.3 24 5.4 14 04| 1 94
Monarch Migration Roost 7.9 92 n/a | n/a 7.9 92 n/a n/a n/a | n/a 92
Northeastern Beach Tiger Beetle 81.8 34 46.41 19 7.3 8 11.9 5 16.3| 7 34
Early Successional Upland* 195.7 97 n/a | n/a 195.7 97 n/a n/a n/a | n/a 97
Freshwater Emergent Marsh* 39.6 83 n/a | n/a 39.6 83 n/a n/a n/a | n/a 83
Maritime Dune Grassland* 266.9| 100 n/a | n/a 266.9 100 n/a n/a n/a | n/a 100
Maritime Dune Scrub* 119.1 98 n/a | n/a 119.1 98 n/a n/a n/a | n/a 98
Maritime Dune Woodland* 122.3 99 n/a | n/a 122.3 99 n/a n/a n/a | n/a 99
Maritime Upland Foresbeciduous Dominated? 27.7 81 n/a | n/a 27.7 81 n/a n/a n/a | n/a 81
Maritime Upland ForesPine Dominated* 157.2 78 n/a | n/a 157.2 78 n/a n/a n/a | n/a 78
Upper BeackOverwash Flats* 214.8| 100 n/a | n/a 214.8 100 n/a n/a n/a | n/a 100
Tidal Polyhaline Marsh Complex* 933.8 99 n/a | n/a 933.8 99 n/a n/a n/a | n/a 99
Seaside High Flat® 1,055.1 16 1235 2 126.6 4 114.5 2 690.5| 10 16
Seaside High Marsh” 30,787.2 68 | 5393.1| 12 408.6 15 6226.4 14 | 18759.1| 42 68
Seaside Lagoon” 7,994.5 6 691.2 1 697.2 1 674.1 1| 5,932.0 5 6
Seaside Low Marsh” 20,457.8 70| 6,917.3| 24 525.0 10 2,521.9 9| 10493.6| 36 70
Salt Flat 343.0 97 4.2 1 326.5 92 n/a n/a 12.4 4 97
Tidal Mesohaline Polyhaline Marsh (G4) 704.7 66| 695.4| 65 0.0 0 n/a nla 92| 1 66
Tidal Mesohaline Polyhaline Marsh (G5) 2,032.7 92| 2032.7| 92 0.0 n/a n/a n/a | n/a 92
Upper Beach Overwash Flat 690.8 67| 364.4| 35 326.4 32 n/a n/a n/a | n/a 67

Table3 summarizes the areaacre9 and relative proportion (%) of lands harboring priority resources based on conservation statiursy tise
Biodiversity Management Intent code from the Virginia Natural Heritage Conservation Lands dataldastindicates goriority habitat as per the
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HMP on the Refuge Compl€RC) A ~ indicates griority habitat as per the HMP on theupporting landgape Multiple occurrences of vegetation
communities, which are also priority habitat types, are present in the study area, with multimdeéural heritage global rarity ranks (Granks). These
are separated in this table based on thati@nk.
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Cumulative Vinerability Assessment

The goal of the RVA was to assemesdirect cumulative impacts of mapped stressorspriority
resourcedo inform the need for changes in management and acquisition plans for the refuge and for
potential changes in land use and semnvation land acquisition in the supporting landscape by relevant
partners.We utilized a scenario approach that mapsl assesses the effectssifessors as well as
beneficial management and conservation practices across the supporting landgozgr®us points in
time. Scenarios are developed for the current (baseline) timeframe and for future timeframes to express
and assess anticipatezhanges itand use and climatélhe climate change effeaetidressedn this
assessment wasrojectedsea level ris (SLR) which could be directly combined in the scenarios with
other stressors. We did not conduct an assessment of changing temperature and precipitation on
vegetation condition and successi@uch analyses atechnicallyfeasible butthe results have &airly
highlevel ofuncertainty.

Defining Scenarios

In this RVA, mappable stressors (listedppendix D) wereused to define the fouscenarios developed
for the Refuge Complex (acquired lands) as well as the supporting éaedbtappable stressors
assessed in this R\¢an be generally summarized as:

1. Future projection of additional development or management stressors (e.g., expected or
planned urbanization and infrastructuie addition to baseline urbanization and infrastrur)
2. Futureprojection ofclimate change effectspecificallysea level rise

All four scenarios current baseline, and three future scenarios of 2025, 2050, and2W¥e defined
using a specific combination of input GIS layers to represent land use reatimemanagement, and
stressorsDescriptions of the data sets used to define and evaluate the four scenarios follow.

Land useelated stressorge.g., developed areas, agricultuaa)d projected ®a level rise associated

with climate changevere incorparated into the four scenario®y constructing a specific dataset for
eachtime step NOAAGCARand covei(NOAA2006)was integrated witFSLAMM spatial datavhich
reflects the projected extent of tidal marsh and other kying habitats under sea levese To assess

the impacts of SLR on tiRefuge Complexve used results from a previous applicatiortlod Sea Level
Affecting Marshes ModdSLAMM) Version §SLAMM 2011)To ersure model coverage of the study
area, this RVA used theneter SLAMM simation, which accounts for coastal armoring (i.e., dikes,
bulkheads, and other protective measures) that prevent shores and wetlands from migrating inland and
up in elevation toward developed areas (Glick et al., 2008). Fhetér SLAMM simulation predicts
eustatic SLR to increase by 13 cm (5.1 in.) by 2025, 28 cm (16.1 in.) by 2050, and I86tem{39.4

in.) by 2100. Th&LAMMresults also includprojections ofassociatecthanges in tidal marséxtentand
other lowlyinghabitatsas a result of SLRaged on five major processes that affect wetland conversions
and shoreline modifications. These processes are defined by Warren Pirfala&M 1 201)as:
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9 Inundation: The rise of water levels and the salt boundary are tracked by reducing elevations of
eachcell as sea levels risthus keeping mean tide levebnstant at zero. Spatially variable effects of
land subsidence or isostatic rebound are included in these elevation calculations. The effects on
each cell are calculated based on the minimum elevadiat slope of that cell.

9 Erosion:Erosion is triggered based on a threshold of maximum fetch and the proximity of the marsh
to estuarine water or open ocealvhen these conditions are met, horizontal erosimgturs at a
rate based on sitspecific data.

1 Ovewash:Barrier islands under 500 meterswidth are assumed to undergo overwash at a user
specified interval. Beach migration and transport of sediments are calculated

1 Saturation:Coastal swamps and fresh marshes can migrate onto adjacent uplandsspoase of
the fresh water table to risigp sea level close to the coast.

9 Accretion:Sea level rise is offset by sedimentation and vertical accretion using average or site
specific values for each wetland category. Accretion rates may be spatially varitititeangiven
model domain.

The landcoverpatternsprojected by SLAMM for future time frames in coastal anease combined

with the currentNOAACGCAP NOAA2006) landcover tomap projectedand cover for eactof the three
future scenariosThe GCAP lad cover alone was used to characterize current sea level in the baseline
scenario.

Conservation management was integrated itite scenario definition for eactime stepusing a current
conservation lands layer from the Virginia Di€&ural Heritage Conseation Lands databas@his
database includes a classificationtbie Biodiversity Management InteiBMI)for all landsA
descriptionof BMI rankss provided in the previous section on the Resource Contextual Assesdroent.
the baseline and all thretuture scenarios, conservation managemstdatus was assumed to be the
same andvas integratednto each of the four scenarios usitige current Conservation Lands database.

Transportation and utilities stressors of the Refuge Complex and on the supdarigggape were also
incorporated into scenarios as stressors to the habaaid speciesased priority resourced-{gurell).
Roads and highways data were provided by the Virginia Department of Transportation, utilities data
(power transmission lines) were provided by the Virginia Economic Development Partnership, and
railroads data were provided by the Virginia Geographic Information Netwarkthe purpose of this
assessment, the footprint for transportation and utilities atructure was assumed to be the same for
the baseline and the future scenariobgtcurrent datasets faransportation and utilitiesvere used in

all four scenariosThese stressors vary tineir effects on priority resources. Based conversations with
Refuge staff at the stakeholders meetingetgreatest buffers were applied some highways to

account for their disproportionateliargeoff-siteimpacts as well asheir direct inpacts to resources of
concern.The BridgeTunnel (Route 13) is the siegload entry to the southern end of the Delmarva
Peninsulaandimpacts to priority resources may Ilierther exacerbated by the flat, penetrable
landscapeConsequentlyl).S. Route 13 was buffered by 400 feet (122 m) on eachSidaller

highways and roaslwere buffered with correspondingly smaller distanddse only Virginia primary
highway not classified as limited accesisgivia Hwy 184 to Cape Charles, was assigned buffers on each
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roadside of 200 feet (61 m). Local roads and railways received-80@0(B0 m) buffer on each side.
Rural roads and power transmission line corridors all receiveid&0(15 m) buffers on each side.
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Figurell. Transportation and Utility Infrastructure
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impacts of this infrastructure in scenarios, buffers were applied as described in &bxive
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Projected future developmenf{gurel2) was also assessed as a stressor, by incorporating a zoningbuddta layer provided by Accomack and
Northampton Counties, Virginia. For all future scenarios, a 100%-dwiilebas used; this assumes that all lands zoned foekbgment will be
developed. Inclusion of zoning allows the assessment of the effects of development on priority resources, as well agshod 8f& on that proposed

land-use change.
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Figurel2. Projected Future Development
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Figurel2displays estimated futuredlevelopmenton the supporting landscape and surrounding the Refuge Complex. This estimate is based on an
assumption of 100% buildut of all lands currently zoned for development.
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Resource Requaments and Responses

In order b quantifythe responses of priority resources ttoe stressorscharacterizedn each scenario,
the conservation requirements (retention goals) of each resource and its response to stressors

(compatibility ranksyvere defined Al priority resources (i.ethose listed inTablel, Table2 and Table

3) were assignedetention goals and compatibility ranks.

The retention goals were used as abenchnlek NJ  a3S&daAiy3 GKS RSINBS (2 6K
viability were retained under givenscenario. In this RVA&ach resource was assignadetention goal

of 100%aiming forall resources on the Refuge Complex and supporting landgoapefullyconserved

or retained This ideal goal was used because, as per conversations with Refuge Complex staff, this RVA
focused on the highest priority resources related to (1) conservation and management of habitats

important to migratory birds, as this is thgimary goal of the Refuge Complex, and (2) the conservation

of MCI required for everyday operations and uses of the Refuge Complex. Retention goals can be
Odza2YAT SR F2NJ S OK NB&az2dz2NDS o6FasSR 2y | ighg, NRSie 2
and partner input. Retention goals and associated conservation requirements for each resource are

listed inAppendixE

Compatibility rankswvere assignedo indicateS I O K NBexpeadeNiepahse® stressorsThus
ead priority resourcewasassigned a rank timdicateits compatibility with1) specific land use(as
identified inGCAP)2) eachpredictedfuture wetland and open water classificatig§LAMM) 3) each
type of transportation and utility infrastructurgnd 4) eachclass of conservatiomanagemenintent

on conserved land§.e., Biodiversity Management Interstatusg. Compatibility ranks were assignéal
priority resourcess negative, neutral, or positive, based on the expertise of Virginia Natural ¢erita
Biologists Compatibilityranksfor all priority resources and stressors distedin AppendixF.

Resource Assessment

Scenarios evaluated this RVA areharacterized bynaps thatintegrateland use, management
practicestransportation and utilities infrastructureand climate change effects. The scenario

assessments for this RVA were conducted using the NatureServe Vista (Vista) ArcMap extension
(NatureServe011). Assessment inputs and results for this part of the assedsaneall stored in an
accessible Vista project database, and the inputs can be manipulated to explore subsets of the resources
and geographic area(s) evaluated as well as update the scenarios and evaluation assumptions.

Each scenario current baseline, aththree future scenarios of 2025, 2050, and 240@as evaluated

by intersecting priority resource distributions withe spatially definedgcenario to predict effectsf

stressoron resources based on resource compatibility rahksaddition to habitatand speciedased

priority resources, the evaluation at eatime stepalso assessed the potential impacts of sea level rise

on Mission Critical Infrastructure (MCI) (transportation infrastructure, utilities, .a¢here a priority

resource overlaps witbne or more stressors having negative effects on the resource in question, the
2PSNI L) Aa RSAONAROSR a F aO2yFtA0lé¢ YR GKS aiNB
resource in that area of overlap. The cumulative losses caused lsgaisefor a particular resource are

guantified and evaluated against the 100% retention goal for each rescolinggsection provides
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detailed scenario evaluations and resufer each of the four scenarios, results are provided first for
the Refuge Comgplx alone, and second for the entire supporting landscap®lusive of the Refuge
Complex.

All future scenario evaluati@also included comparisons SEAMM initial condition and future habitat

distributions to assess the expected change in habitat dugliever that time period These results

are included irthe Resource Assessment results tables for danh stepwhere SLAMM habitat types

' NB &ALISOATAOIf & ARSY ltind stepyRar. IPrigdicted fytureldistributioris fy RA G A 2 Y
SLAMMhabitat types were also evaluated to assess potential impacts of sea level rise on proposed

zoning throughout the supporting landscaféese results are provided as maps in the Infrastructure
Assessment results section

Scenario evaluatioresults are reprted belowfor each scenariith an emphasisn those achieving
less than 50% of their retention go@ak., those resources showing the greatest potential impagtSLR
and conflicts with landise change)Outputs for all priority resource$at areprovided in associated
tables.These outputs, as well as details on the specific definitions and evaluations for each scenario
follow.

In generalthe assessmeresults indicate higheevelsof conflictbetween the priority resources and
the identified stessorson the RefugeComplexascompared tathe largersupporting landscapéhis can
be due to:

1 Thehigher actual abundance ofsources on refuge lanas the appearance of morabundant
resources on refuge landhie tobetter documentation ofesourceoccurrence on refuge lands
relative tothe supporting landscape.

o For example, there was adk of speciespecific birddata for thesupporting landscapaVhile
some data were available for tleipporting landscapét was decided via discussions with
refuge staff that thisRVAwould be most informative it focused on habitat types from the
HMP. If current species presenaata were used for the Refuggomplex andupporting
landscape, outputs would have been more informatiggardingthe response othese species
to stressors over time, and the relative value of the Refuge Compleswpmbrting landscape
to those populations at eadlime step

0 This analysis focused on habitat types as priority resouRéarity habitat typeswere identified
on the Refige Complex (i.ederived refuge resourcedased ora finescale habitat map
provided by the ESVNWR staff as well as Virginia Natural Heritage Community Element
Occurrences that are indicative of those habitat typEsese high priority habitadpecificdata
are heavily concentrated on the Refuge Complex thesupporting landscapehe only
representation of these priority resources is provided by scattered Natural Heritage Community
Element Occurrence data and revisions to NWI wetlands provided by. VilthSmore data
reflecting priorities on the Refuge Complex than Hupporting landscapeelatively more
conflicts between resources and stressors are apparent on the Refuge Complex as well.
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1 Thegeographic position of the Refuge Compdgxhe southerntip of the EasternShore and its
topography make it more vulnerable to SLR. Wittigher ratio of shorelineand lowlying areaso
upland,a higher proportion of Refuge Complex resources would be expected to experience conflict
due to SLR when comparedttee relatively higheglevation supporting landscape

Baseline Scenario Evaluation Results

The baseline, or current scenargas defined using 2005-CAHand cover data(Figure4). Permanently
conserved landwere also includea@nddescribed by BMdcores so that compatibility ranks coulae
developed forpriority resources based on how thesenservedands are managedransportation and
utilities layers(Figurell) were also includeads significantlescriptors of current landover.

This scenario was evaluated &yalyzingall priority resources with the defined baseline map, assuming
a conservation goal of 100% finosepriority resources¢ K2 dz3 K dzA Ay 3 & CuNiNB y ( £
possibilitiesof conflict in a baseline scenari@riority resources such as habitat and rare species
populations may currently baffected bycertain stressors, though the responses of those resources to
stressors have yet to be observed,recorded Another obvious ause of potential conflict in a baseline
evaluation is the use of data that are not perfectly temporaiipchronizedAlthough all dataets used
arethe bestavailable for thimssessmenthey werecollected at differentbut still recenttime frames.

From a practical standpoint, a baseline evaluation is essential as a referenceagainst whicHuture
scenarios will be evaluated

Refuge Complex
Several priority resources on tiRefuge Compledisplayed incompatilities even with current land use

Few of these conflicts werstrongin the baseline scenario due to the lack of SLR as a factor in the
scenario evaluation.

Table4. BaselineScenarioBEvaluation Output for Priority Resources on Refuge Complex

Current Current Compatible Compatible % Goal
Resource Type Area (ac) | Occurrences (#] Area (ac) | Occurrences (#) Achieved
Early Successional Upland* 199 40 154 32 77
Freshwater Emergent Marsh? 47 31 15 20 32
Maritime Dune Grassland 237 5 215 3 75
Maritime Dune Grassland* 270 49 270 49 100
Maritime Dune Scrub 366 4 366 4 100
Maritime Dune Scrub* 121 61 120 61 99
Maritime Dune Woodland* 123 36 79 27 64
Maritime Upland Forest
Deciduous Dominated* 33 31 18 17 53
E;Ig:rl]til:zezfland ForestPine 203 46 103 38 51
Maritime Wet Grassland G3 39 6 39 6 100
Monarch 9 3 9 3 100
Northeastern Beach Tiger 240 12 148 9 82
Beetle
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Current Current Compatible Compatible % Goal

Resource Type Area (ac) | Occurrences (#] Area (ac) | Occurrences (#) Achieved

Salt Flat 353 4 320 2 67
Seaside Low Marsh” 29,317 1 29,138 1 929
l'gﬂp?eogha"”e Marsh 940 108 874 184 03
:Zf;r Beach Overwash 215 1 212 11 99
Upper Beach Overwash Flat 1,023 4 1,023 3 100
VIMS Seaside High Flat® 6,663 1 6,630 1 100
VIMS Seaside High Marsh” 45,195 1 44,158 1 98
VIMS Seaside Lagoon” 131,309 1 131,062 1 100

* derived habitat element at the refuge level
~ derivedhabitat resource at the supporting landscape level

Approximately two thirds of Freshwater Emergent Margipears to bancompatible with current land
cover.Suchincompatibilitiesmaybe due todata resolution and error, rather than actual confligtost
likely,the resolution of habitat data used for thieefugeComplexstoo coarseto accurately delineate
very small patches dfabitat on theRefugeComplexand t is also quite likely that misclassification in
the refuge habitat mapalsocontributed. Asecond reason for incompatibilities in the baseline could be
that indeed there are real conflicts, but when habitat data were developiedssors were either absent
or the resource had not yet expressed the impacts

Supporting Landscape
The greatest cofiitt between priority resources arttie baseline scenario was the complete conflict of

Tidal Mesohaline Polyhaline Marsh, a-@Bked EO, with th€&CARand cover stressors (NOAA 2006).
This response can be explained by the fact that the single EO fordféetation community on the
supporting landscapis not compatible withexistingG-CARand cover Otherwise, results of the
baseline scenario evaluation at teepporting landscapscale are very similar to that of the Refuge
Complex. These results cha attributed to two thingsFirst, since there are more data for priority
resources on the Refuge Complex relatio thesupporting landscapehe conflicts with stressors are
more apparent on the Refuge Complé&econdly, SLiRnot included as a stress inthe baseline
scenario Much of the conflicin the baselings due to incompatibilities betweeGCARand coverdata
and the habitat data used to represent priority resourcgice those habitat data only pertain to
mapped areas on the refuge coregl(from the HMP (USFWS 2010))p additional conflictappear in
the evaluation of the baseline scenario for thepporting landscape.

Table 5. BaselinesenarioEvaluation Output for Priority Resources on Supporting Landscape

Current Current Compatible| Compatible % Goal

Resaurce Type Area (ac)| Occurrences (#] Area (ac) | Occurrences (#] Achieved
Early Successional Upland* 199 40 154 32 77
Freshwater Emergent Marsh? 47 31 15 20 32
Maritime Dune Grassland 237 5 215 3 75
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Current Current Compatible| Compatible % Goal

Resaurce Type Area (ac)| Occurrences (#] Area (ac) | Occurrences (#] Achieved
Maritime Dwne Grassland* 270 49 270 49 100
Maritime Dune Scrub 366 4 366 4 100
Maritime Dune Scrub* 121 61 120 61 99
Maritime Dune Woodland 206 6 162 5 83
Maritime Dune Woodland* 123 36 79 27 64
Maritime Upland Forest
Deciduous Dominated* 33 31 18 17 >3
ggrr:iliz(teezfland ForestPine 203 46 103 38 51
Maritime Wet Grassland G1 32 2 32 2 100
Maritime Wet Grassland G3 39 6 39 6 100
Monarch 9 3 9 3 100
:Zstrll:astern Beach Tiger 240 12 148 9 82
Salt Flat 353 4 320 2 67
Tidal Mesohaline Polyhak
Marsh G4 1,063 2 1,049 1 100
Tidal Mesohaline Polyhaline
Marsh G5 2,197 1 0 0 0
;'gﬂp?;gha"”e Marsh 940 198 874 184 93
Upper Beach Overwash Flat 1,023 4 902 3 100
Upper BeackOverwash Flats* 215 11 212 11 99
VIMS Seaside High Flat® 6,663 1 6,630 1 100
VIMS Seaside High Marsh” 45,195 1 44,158 1 98
VIMS Seaside Lagoon” 131,309 1 131,062 1 100
VIMS Seaside Low Marsh” 29,317 1 29,138 1 99

* derived habitat element at the refuge level
" derived habitat resource at the supporting landsedgvel

2025 Scenario Evaluation Results

The 2025 scenariovasdefined usinga combinationof GCAPand cove(NOAA2006) and the SLAMM
2025 projected wetlands classificati@8LAMM 2011)his composite landover uses SLAMM wetland
and open wateclasdiications instead oG-CARvherever there is spatial overlapifurel3).
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Value
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Refuge Complex

All priority resources display some level of conflict with poteld 2025land cover, andseveral priority
resources display conflictgith more than 50% atheir occurrences oareaon the RefugeComplex
(Table6). By 2025, more than 80% tife occurrencesnd area othe Northeastern Beacliger Beetle
are predicted to ben conflict due to SL-Rduced habitat lossThis result is supported by theredicted
100% loss ofpper Beach Overwash Flat habjtahich isusedby this speciedMore than 80% and 90%

of G3ranked Maritime Wet GrasslartelOs and Freshwater Emergent Marsh are predicted to be affected
by land cover changes, respectively, and approximately two thirds of Salt Flat communities may be

inundated.Less than half of thMaritime Upland Forest types, both Pine and Decidudosiinated, are
predicted to remain without conflict

Table6. 2025enarioBvaluation Output Table for Priority Resources oiRefuge Complex

Current Current Compatible| Compatible % Goal
Resource Type Area (ac)| Occurrenceg#) | Area (ac) | Occurrencs (#) | Achieved
Early Successional Upland* 199 40 150 33 75
Es.,t_uarlne prv Flat (ImSLAMM 67,201 1 21109 1 31
Initial Condition)
Estuarine Open Water
670,442 1 629,495 1 94
(ImSLAMM2025)
Estuarine Open Water
. . 604,127 1 578154 1 96
(ImSLAMMnitial Condition) 8
Freshwater Emergent Marsh* 47 31 5 11 10
Inland Fresh Marsh (ImSLAMM
11,704 1 8,842 1 76
2025)
Inland Fresh Marsh (ImSLAMM
" . ( 10,969 1 8,742 1 80
Initial Condition)
Inland Open Water (ImSLAMM
2,164 1 1,142 1 53
2025)
Inl W ImSNM-
n.a.md Opeh. ater (1msS 2,119 1 1,082 1 51
Initial Condition)
Inland Shore (IMSLAMED25) 78 1 36 1 46
InIanq .Shore (ImSLAMMitial 121 1 48 1 39
Condition)
Irregularly Flooded Marsh (often
44,041 1 7 1
Brackish) (ImSLAMIZ025) 0 37,306 8
Irregularly Flooded Marsh (often
Brackish) (ImSLAMNhitial 65,731 1 40,467 1 62
Condition)
Maritime Dune Grassland 237 5 133 2 50
Maritime Dune Grassland* 270 49 170 41 63
Maritime Dune Scrub 366 4 229 3 75
Maritime Dune Scrub* 121 61 77 50 64
Maritime Dune Woodland* 123 36 63 26 51
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Current Current Compatible| Compatible % Goal
Resource Type Area (ac)| Occurrenceg#) | Area (ac) | Occurrencs (#) | Achieved
Maritime Upland Forest
33 31 15 15 44
Deciduous Dominated*
Mant.lme Upland ForestPine 203 46 96 36 47
Dominated*
Maritime Wet Grassland G3 39 6 1 1 17
Monarch 9 3 9 3 100
Northeastern Beach Tiger Beetlg 240 12 30 2 18
Ocea.n. Beach (ImSLAMUMitial 3208 1 1945 1 59
Condition)
Open Ocean (1mSLAMRD25) 193661 1 185151 1 96
Open Ocean(1mSLAMMitial
pen Ocean( 190,497 1| 182846 1 9
Condition)
Regularly Flooded Marsh (usual 51227 1 14 1 28
Salt Marsh) (1ImSLAMEI025)
Regularly Flooded Marsh (usual
Sdt Marsh) (ImSLAMAMitial 40,998 1 7,548 1 18
Condition)
Salt Flat 353 2 16 1 33
Seaside Low Marsh” 29,317 1 18,834 1 64
Swamp (LmSLAMNMO025) 65,400 4 49,946 1 76
Swamp (ImSLAMMhitial 52,685 1 41,635 1 79
Condition)
Tidal FIa(lmSLAMMn|t|aI 44781 1 12926 1 29
Condtion)
Tidal Flat (1mSLAMZ025) 38,298 1 34,614 1 90
Tidal Fresh Marsh (ImSLAMM
1,050 1 478 1 46
2025)
Tidal Fresh Marsh (ImSLAMM
|g|_a res " arsh (1mS 1,058 1 491 1 46
Initial Condition)
Tidal Polyhaline Marsh Complex 940 198 621 151 66
Tidal SwamglmSLAMM2025) 6,612 1 5,060 1 77
Tidal .S.wamp (ImSLAMMitial 7,058 1 5,096 1 72
Condition)
Transitional Salt Marsh
3,472 1 1,866 1 54
(AmSLAMM2025)
Transitional S.a-lt Marsh. . 5,506 1 941 1 17
(ImSLAMMNitial Condition)
Upper Beach Overwash Flats* 215 11 59 10 27
Upper Beach Overwash Flat 1,023 4 0 0 0
VIMS Seaside High Flat® 6,663 1 5,538 1 83
VIMS Seaside High Marsh” 45,195 1 37,581 1 83
VIMS Seaside Lagoon” 131,309 1 115668 1 88

* derived habitat element at the refuge level
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~ derived habitatresource at the supporting landscape level

Supporting Landscape

Relative tathe baselinescenarioevaluation, severaddditionalpriority habitats outside théefuge
Complexdisplay decreasedompatibilitybecause ofandcover changes in 2025 ble7). Pine
dominated upland forests are predicted tavegreater conflicin the supporting landscapell current
areas ofMaritime Dune Woodlands and Seaside High Marsh are predictbd ltist as a resulof SLR.
Similarly less tharf0% of the current area of Seaside Low Marsh is predicted to remain.

Table7. 2025 Scenario Evaluation Output Table for Priority Resources on Supporting Landscape

Current Current Compatible| Compatible % Goal
Resource Type Area (ac)| Occurrences#) | Area (ac) | Occurrences (#] Achieved
Cypress Swamp (ImSLAMM
5 1 5 1 100
2025)
ImSLAMM
Cypress Svygmp( ms 5 1 5 1 100
Initial Condition)
E ine Low Flat (1ImSLAMM
stuarine Low Flat (1mS 22,157 1 20,095 1 91
2025)
E§t'uar|ne prv Flat (ImSLAMM 67,291 1 21109 1 31
Initial Condition)
Estuarine Open Water
670442 1 629495 1 94
(ImSLAMM2025)
Estuarine Open Water
604,127 1 578154 1 96
(ImSLAMMNnitial Condition) &
Inland Fresh Marsh (ImSLAMN 11,704 1 8,842 1 76
2025)
Inland Fresh Marsh (ImSLAMN
. " ( 10,969 1 8,742 1 80
Initial Condition)
Inland Open Water (ImSLAMM
2,164 1 1,142 1 53
2025)
I
n!qnd Oper.1.Water (ImSLAMM 2,119 1 1,082 1 51
Initial Condition)
Inland Shore (IMSLAMRD25) 78 1 36 1 46
Inlanq .Shore (ImSLAMMitial 121 1 48 1 39
Condition)
Irregularly Floodedarsh
(often Brackish) (ImSLAMM 44,041 1 37,303 1 85
2025)
Irregularly Flooded Marsh
(often Brackish) (ImSLAMM 65,731 1 40,467 1 62
Initial Condition)
Maritime Dune Scrub 366 4 229 3 75
Maritime Dune Woodland 206 6 116 4 67
Maritime Dune Woodland* 0 1 0 0 0
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Maritime Upland ForestPine

4
Dominated* 6 0 0 0
Maritime Wet Grassland G3 39 6 1 1 17
Monarch 9 1 9 3 100
Ocean Beach (1mSLAMAD25) 2,197 1 1,891 1 86
Ocea!n. Beach (ImSLAMHKitial 3208 1 1945 1 59
Condition)
Open Ocean (1mSLAMR0D25) 193661 1 185151 1 96
] @] 1mSLAMMitial
pen Ocean (1m M 190497 1| 182846 1 96
Condition)
Regularly Flooded Marsh
(usually Salt Marsh) 51,227 1 14,275 1 28
(ImSLAMM2025)
Regularly Flooded Marsh
(usually Salt Marsh) 40,998 1 7548 1 18
(ImSLAMMnitial Condition)
Riverine Tidal (ImSLAMRD25) 9 1 7 1 78
River - —
|ver|_n.e Tidal (ImSLAMNMitial 48 1 5 1 10
Condition)
Swamp (LmSLAMMO025) 65,400 1 49,946 1 76
Swamp (ImSLAMMitial 52,685 1 41,635 1 79
Condition)
Tidal Flat (1mSLAMiZ025) 38,298 1 34,614 1 90
Tidal 1mSLAMMNitial
idal Fat (ImS nitia 44,781 1 12,926 1 29
Condition)
Tidal Fresh Marsh (ImSLAMM
1,050 1 478 1 46
2025)
Tidal Fresh Marsh (ImSLAMM
idal Fresh Marsh (1mS 1,058 1 491 1 46
Initial Condition)
Tidal Mesohaline Polyhaline 2197 1 0 0 0
Marsh G5
Tidal Polyhaline Marsh 204 76 171 55 58
Complex*
Tidal Swamp (1mSLAMBRD25) 6,612 1 5,060 1 77
Tidal 1mSLAMMitial
idal Swamp (1ImSLAMMitia 7,058 3 5,006 1 72
Condition)
Transitional Salt Marsh
3,472 1 1,866 1 54
(IMmSLAMMR2025)
Transitional Salt Marsh
5,506 1 941 1 17
(ImSLAMMNnitial Condition)
Unknown (ImSLAMM2025) 1 1 0 0 0
k 1mSLAMAnitial
Un ngyvn( mS Nhitia 5 1 0 0 0
Condition)
VIMS Seaside High Marsh” 1 1 0 0 0
VIMS Seaside Lagoon” 131,309 1 115668 1 88
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VIMS Seaside Low Marsh® | 636 1 123 1 19
* derived habitat element at the refuge level
A derived haltiat resource at the supporting landscape level

Figurel4 provides a map of predicted conflicts with priority resources. The bulk of conflict is predicted
in lower coastal areas on the eastern shores and marshes of the supplanitgcape, indicating that

SLR is the most prevalent stressor. Otherwise, some conflict can be attributed to development as well,
as indicated in the Cape Charles area and along U.S. Highway 13. The Assateague Island area also
displays high conflict, du® tcoastal waters being zoned as incorpochtewn.
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Figurel4. Future 202530nflict
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Figurel4illustrates the predicted conflicts in 2023\l shaded areas are predicted to be vulnerable to
stressorsiie., SLR and development) included in scenario evaluations, where darker shades indicate
more conflict.

2050 Scenario Evaluation Results

The 2050 senario was defined using@mbination ofGCAHand covei(NOAA2006) and the SLAMM
2050 projected wetlandslassification where SLAMM classifications replace tho§eQAP~vherever
there is spatial overlap in wetland aredsgurel5). The 2050 SLAMIBcenarioretained projected
urbanization from 2025 but did not extrapolaterther growth since then
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Figurel5. 2050 SLAMMZ-CAPComposite Land Cover Value
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Refuge Complex
Nofurther loss ofNortheastern Beach Tiger Beetlas predicted betweethe 2025 and 205@ime

steps thoughUpper Beach Overwash Flats are potelil to be absent from th®efuge Complely
2050.The 2025 extent of Salt Flat community ahd bne known EO for Maritime Wet Grassland (G3)
arealso predicted to remain withodurther conflict. By 2050, only half th®aritime Dune Grassland
EG are prelicted tobe intact.

Table8. 2050 Scenario Evaluation Output Table for Priority Resources on Refuge Complex

Current Current Compatible Compatible % Goal
Resource Type Area (ac) | Occurrences (#) Area (ac) | Occurrences (#) Achieved
Ealy Successional Upland* 199 40 149 32 75
Estuarine Low Flat
2,542 1 1,380 1 54
(ImSLAMM2050)
Estuarine Low Flat
67,291 1 384 1 1
(ImSLAMMnitial Condition)
Estuarine Open Water
738160 1 682,630 1 92
(ImSLAMM2050) 8 2
Estuarine Open Water
604,127 1 577278 1 96
(ImSLAMMnitial Condition)
Freshwater Emergent Marsh* 47 31 5 11 10
Inland Fresh Marsh
11,784 1 1 7
(AmSLAMM2050) 78 8863 >
Inland Fresh Marsh
1 1 731 1
(LmSLAMMnitial Condition) 0569 813 80
Inland Open Water
2,143 1 1,136 1 53
(ImSLAMMR2050)
Inland Open Water
2,119 1 1,076 1 51
(ImSLAMMnitial Condition)
Inland Shore (IMSLAMM 1 1 36 1 46
2050)
|
nland Shore (1mSLAMM 121 1 48 1 39
Initial Condition)
Irregularly Flooded Marsh
(often Brackish) (LmSLAMM 16,020 1 12,867 1 80
2050)
IrregularlyFlooded Marsh
(often Brackish) (ImSLAMM 65,731 1 13,308 1 20
Initial Condition)
Maritime Dune Grassland 237 5 131 2 50
Maritime Dune Grassland* 270 49 152 41 56
Maritime Dune Scrub 366 4 211 3 75
Maritime Dune Scrub* 121 61 73 45 61
Maritime Dune Woothnd* 123 36 62 26 51
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Current Current Compatible Compatible % Goal
Resource Type Area (ac) | Occurrences (#) Area (ac) | Occurrences (#) Achieved
Maritime Upland Forest
33 31 14 15 43
Deciduous Dominated*
Mant.lme Upland ForestPine 203 46 95 36 47
Dominated*
Maritime Wet Grassland G3 39 6 1 1 17
Monarch 9 3 9 3 100
Northeastern Beach Tiger 240 12 27 5 18
Beetle
O(.:faanBeac'h' (ImSLAMM 3,298 1 911 1 28
Initial Condition)
Ocean Beach (ImSLAMM
1,303 1 1,079 1 83
2050)
Open Ocean (IMSLAMM
196,736 1 187,504 1 95
2050) 8
O 0] 1mSLAMMitial
pen Ocean(lm Ml 190497 1 182853 1 96
Condition)
Regularly Flooded Marsh
(usually Salt Marsh) 41,426 1 13,654 1 33
(AmSLAMM2050)
Regularly Flooded Marsh
(usually Salt Marsh) 40,998 1 1,862 1 5
(ImSLAMMnitial Condition)
Salt Flat 353 4 11 1 33
Seaside Low Marsh” 29,317 1 5,132 1 18
Swamp (LmSLAMNO050) 69,602 1 52,159 1 75
Swamp (1mSLAMNhitial 52685 1 41418 1 79
Condition)
Tidal _F_Ia(lmSLAMMmUaI 44781 1 2798 1 6
Condition)
Tidal Flat (1mSLANHZ050) 30,818 1 26,892 1 87
Tidal Fresh Marsh 1041 1 476 1 46
(AmSLAMM2050) ’
Tidal Fresh Marsh
1 1 484 1 4
(ImSLAMMNitial Condition) 058 8 6
Tidal Polyhaline Marsh 940 198 343 119 37
Complex*
T
idal Swamp (LmSLAMM 5,957 1 4557 1 77
2050)
Tidal ImSLAMM
\dal Swamp (1mS 7,058 1 4,591 1 65
Initial Condition)
Transitional Salt Marsh 3887 1 1557 1 20

(ImSLAMM2050)
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Current Current Compatible Compatible % Goal
Resource Type Area (ac) | Occurrences (#) Area (ac) | Occurrences (#) Achieved
Transitional Salt Marsh
5,506 1 648 1 12
(ImSLAMMNitial Condition)
Upper Beach Overwash 215 1 44 10 21
Flats*
Upper Beach Overwash Flat 1,023 4 0 0 0
VIMS Seaside High Flat® 6,663 1 5,503 1 83
VIMS Seaside High Marsh” 45,195 1 23,366 1 52
VIMS Seaside Lagoon” 131,309 1 114,955 1 88

* derived habitat element at the refuge level
~ derived habitat resource at the supporting landscape level

Several habitat types represented by derived spatial databetsed on HMP priority habitgtalso

begin to show substantial conflict in 208milar to the Upper Beach Overwash FlatsHE®@arly 80% of
the Upper Beach Overwash Flagbitatasderived from Refuge Complex habitat magpgredicted to

be inconflict on theRefugeComplexMultiple marsh habitats are also predicteddecrease as eesult

of SLRReshwater Emergent Marsis predicted tamaintainapproximately 10% of current extent on the
Refuge ComplexSeaside Low Marshill havel8% remainingandless than 40% dffidal Polyhaline
Marsh Complexvill remain No additional changeis Maritime Upland Forestsor Pine and
Deciduousdominated typesvere prediced between 2025 and 2050

Supporting Landscape
Supporting landscape EOs Mortheastern Beach Tiger Beetle, Salt Fdad Maritime Dune Grassland

and derived Upper Beach Owvash Flats, Tidal Polyhaline Marsh Complex, and Maritime Upland
Deciduous Dominated forest habitats do not differ from thduge Complex(seeTable8 versusTable9
for these resourcesPreas of derived/aritime Upland PineDominated foresare predicted to be
absent from thesupporting landscapis 2050

Table9. 2050 Scenario Evaluation Output Table for Priority Resources on Supporting Landscape

Current Qurrent Compatible Compatible % Goal
Resource Type Area (ac) | Occurrences (#) Area (ac) | Occurrences (#) Achieved
Cypress Swamp (ImSLAMM
5 1 5 1 100
2050)
ImSLAMM
Cypress Swamp (1mS 5 1 5 1 100

Initial Condition)

Early Successional Upland* 199 40 149 32 75

Estuarine Low Flat

2,542 1 1,380 1 54
(1ImSLAM-2050)
Estuarine Low Flat
7,291 1 4 1 !
(lmSLAMMnitial Condition) 67.29 %
Estuarine O Wat
stuarine Open Water 738160 1 682,630 0 92

(ImMSLAMMR050)
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Current Qurrent Compatible Compatible % Goal
Resource Type Area (ac) | Occurrences (#) Area (ac) | Occurrences (#) Achieved
Estuarine Open Water
604,127 1 577,278 1 96
(ImSLAMMNitial Condition)
Inland Fresh Marsh
11,784 1 8,863 1 75
(ImSLAMMR2050)
Inland Fresh Marsh
1 1 731 1
(ImSLAMMNitial Condition) 0569 813 80
Inland Open Water
2,14 1 11 1
(AmSLAMM2050) 143 136 53
Inland Open Water
2,11 1 1,07 1 1
(ImSLAMMnitial Condition) 119 076 °
Inland Shore (1ImSLAMM
78 1 36 1 46
2050)
In!gnd Shor_e_ (ImSLAMM 121 1 48 1 39
Initial Condition)
Irregularly Flooded Marsh
(often Brackish) (LmSLAMM 16,020 1 12,867 0 80
2050)
Irregularly Flooded Marsh
(often Brackish) (ImSLAMM 65,731 1 13,308 1 20
Initial Condition)
Maritime Dune Grassland 237 5 131 2 50
Maritime Dune Grassland* 270 49 152 41 56
Maritime Dune Scrub 366 4 211 3 75
Maritime Dune Woodland 206 6 112 4 67
Man.tlme Uplanq Forest 33 31 14 15 43
Deciduous Dominated*
Mant.lme Upland ForestPine 5 4 0 0 0
Dominated*
Maritime WetGrassland G1 32 2 20 2 100
Monarch 9 3 9 3 100
Northeastern Beach Tiger
'9 1 1 0 0 0
Beetle
Ocean Beach (ImSLAMM
1,303 1 1,079 1 83
2050)
Ocean Beach (ImSLAMM 3,298 1 911 1 28
Initial Condition)
Open Ocean (IMSLAMM
196,736 1 187,504 1 95
2050) 8
0] O 1ImSLAMM
pen Ocea (1m 190497 1| 182853 1 96
Initial Condition)
Regularly Flooded Marsh
(usually Salt Marsh) 41,426 1 13,654 1 33

(ImMSLAMMR050)
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Current Qurrent Compatible Compatible % Goal
Resource Type Area (ac) | Occurrences (#) Area (ac) | Occurrences (#) Achieved
Regularly Flooded Marsh
(usually Salt Marsh) 40,998 1 1,862 1 5
(ImSLAMMNnitial Condition)
Riverine Tidal (ImSLAMM
6 1 6 1 100
2090)
Riverine Tidal (ImSLAMM
|.v.er|ne IQ? (ImS 48 1 3 1 7
Initial Condition)
Salt Flat 353 4 11 1 33
Swamp (LmSLAMNO050) 69,602 1 52,159 1 75
1mSLAM#hitial
Swamp( ms Ha 52,685 1 41,418 1 79
Condition)
Tidal Flat (1mSLAMZ050) 30,818 1 26,892 1 87
Tidal _F_Iat (thSLAMMInitial 44781 1 2798 1 6
Condition)
Tidal Fresh Marsh 1,041 1 476 1 46
(ImSLAMM2050)
Tidal Fresh Marsh
. . 1,058 1 484 1 46
(ImSLAMMntial Condition)
Tidal Polyhaline Marsh
idal Polyhaline Mars 940 198 343 112 37
Complex*
Tidal Swamp (ImSLAMM
5,957 1 4,557 1 77
2050)
Tidal ImSLAMM
\dal Swamp (1mS 7,058 1 4,591 0 65
Initial Condition)
Transitional Salt Marsh
3,887 1 1,557 1 40
(AmSLAMM2050)
Transitional S.glt Marsh. . 5,506 1 648 1 12
(ImSLAMMNitial Condition)
Unkn9yvn(1mSLAMMn|t|al 5 1 0 0 0
Condition)
Upper Beach Overash Flats* 215 11 44 10 21
VIMS Seaside High Flat® 98 1 92 1 94
VIMS Seaside High Marsh® 7 1 0 0 0
VIMS Seaside Lagoon” 131,309 1 114,955 1 88

* derived habitat element at the refuge level

A derived habitat resource at the supporting landscape level

Note: Theapparenttotal loss of Maritime Upland PiA@ominated forest on the supporting landscape is based on a very small
amountof mapped habitat data used in this RVif&is habitatype was mapped only on the Refuge Complex, and thus any
habitatin the supporting landscap&vas not included in the analysis dueléek ofdata.

Figurel6 maps predicted conflicts with priority resources in 2088 in 2025, the bulk of conflict occurs
in lower coastal areas on the seaside shoresrmadshes of thesupporting landscapéndicating that
SLR is the most prevalent stressdowever, in 2025, much of the conflict along tEsesternShore could
be attributed to developed area#n 2050, SLR impacts seem to account for most conflict onapeitie
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of the Eastern Shore as wellonflict alondJ.S Highway 13 appears to be relatively unchangedtreda
to 2025.

Figurel6. Future 2050Conflict
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Figurel6illustrates predicted conflicts in 2050Shaded areas are predicted to be vulnerable to
stressors of SLR and development as included in scenario evaluations, where dar&desindicate
more conflict

2100 Scenario Evaluation Results

The2100scenario was defined using a combination é2&8Hand covei(NOAA2006) and the SLAMM
2100projected wetlands classificatipwhere SLAMM wetland classes replaced the AP classes in
areas of overlaFigurel?).
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Figurel7. 2100 SLAMMEG-CAPComposite Land Cover
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Figurel7 displaysthe composite &nd coverlayer used in the 2100 scenario plandsare represented by
the GCAPclassification and lower wetlands, marshesand coastal areasare represented withthe SLAMM
2100land cover data.
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Refuge Complex
In 2100,no remaining Salt Flat communibgcurrencesare predicted to occur on thBefugeComplex

Seventyfive percent oMaritime Dune Grasslarahd 83% of Maritime Wet Grassland (G3) community
EOs are predicted to Hest or ®nverted Northeastern Beach Tiger Beetle EOswarehanged from
2050, withtwo EOs remaining.

Several habitats derived from the HMBSFWS 201@Jso display increased conflict with stressadtalf

of the 2050 area of Upper Beach Overwash Flats is pestitotremain at 2100 (less than 25 acres).
Seaside Low Marsh habitat is predicted to be extirpdteth the Refuge Complex, and less than 10% of
Seaside High Marsh is predicted to remain. Less than 3% of each Tidal Polyhaline Marsh Complex and
Freshwater Bhergent Marsh types are predicted to remain on the RefGgenplex. Overall, the majority

of marshes, flats, and beach habitats currently within the Refuge Complex are predicted to have been
converted to open water and lagoon by 2100. Maritime Upland Ferast still predicted to remain on

the Refuge Complex proper: about 35% of Rineninated and 40% of Deciducdsminated forests are
predicted to remain.

Tablel0. 2100 Scenario Evaluation Output Table for Priority Resources ondeitomplex

Current Current Compatible Compatible % Goal
Resource Type Area (ac)| Occurrences (#] Area (ac) | Occurrences (#) Achieved
Early Successional Upland* 199 40 145 32 73
Estuarine Low Flat (ImSLAMN
7,110 1 4,643 1 65
2100)
E:?‘t.uarlne L.o'vv Flat (ImSuUM- 67291 1 163 1 0
Initial Condition)
Estuarine Open Water
1 1 7 1
(ImSLAMM2100) 80809 08 88
Estuarine Open Water
4,127 1 74,764 1
(LmSLAMMnitial Condition) 604 S7476 %
Freshwater Emergent Marsh* 47 31 1 4 3
Inland Fresh Marsh
11,466 1 8,647 1 75
(ImSLAMM2100)
Inland Fresh Marsh N 10,959 1 8,600 1 78
(ImSLAMMNitial Condition)
Inland Open Water
1,97 1 1,072 1 4
(ImSLAMM2100) 976 0 >
Inland Open Water
2,11 1 1,032 1 4
(LmSLAMMnitial Condition) 119 03 o
Inland Shore (IMSLAMRILOO) 121 1 46 1 38
Inl h 1 M-Initial
n anc_i _S ore (Im3WMM-Initia 76 1 35 1 46
Condition)
Irregularly Flooded Marsh
(often Brackish) (LMSLAMM 12,110 1 9,690 1 80
2100)
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Current Current Compatible Compatible % Goal

Resource Type Area (ac)| Occurrences (#] Area (ac) | Occurrences (#) Achieved
Irregularly Flooded Marsh
(often Brackish) (ImSLAMM 65,731 1 7,592 1 12
Initial Condition)
Maritime Dune Grassland 237 5 75 1 25
Maritime Dune Grassland* 270 49 73 28 27
Maritime Dune Scrub 366 4 66 3 75
Maritime Dune Scrub* 121 61 32 25 27
Maritime Dune Woodland* 123 36 18 17 14
Maritime Upland Forest
Deciduous Dominated* 33 31 13 12 39
Marlt_lme Upland ForestPine 203 46 70 31 35
Dominated*
Maritime Wet Grassland G3 39 6 1 1 17
Monarch 9 3 9 3 100
Northeastern Beach Tiger 240 12 26 2 18
Beetle
Ocean Beach (ImSLAM200) 296 1 227 1 77
Ocea.n. Beach (ImSLAMNitial 3208 1 0 0 0
Condition)
Open Ocean (LIMSLAMR100) | 206,684 1 192,860 1 93
Open. chan(lmSLAMM|t|al 190497 1 182854 1 9%
Condition)
Regularly Flooded Marsh
(usually Salt Marsh) 9,990 1 2,438 1 24
(ImSLAMM2100)
Regularly Flooded Marsh
(usually Salt Marsh) 40,998 1 402 1 1
(ImSLAMMNitial Condition)
Salt Flat 353 4 0 0 0
Seaside Low Marsh” 29,317 1 41 1 0
Swamp (LmSLAMN100) 57,455 1 43,106 1 75
Swamp (ImSLAMMhitia 52,685 1 34,605 1 66
Condition)
Tidal .F.Ia(lmSLAMMmual 44781 1 203 1 0
Condition)
Tidal Flat (1mSLANMZ100) 1,686 1 1,014 1 60
Tidal Fesh Marsh (ImSLAMM 993 1 457 1 46
2100)
Tl.d-al Fresh_l\_/larsh (ImSLAMM 1,058 1 459 1 43
Initial Condition)
Tidal Polyhaline Marsh 940 198 1 5 0
Complex*
Tidal Swamp (1mSLAMRLO0O0) 2,054 1 1522 1 74
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Current Current Compatible Compatible % Goal
Resource Type Area (ac)| Occurrences (#] Area (ac) | Occurrences (#) Achieved
Tidal .S'wamp (ImSLAMMitial 7058 1 1567 1 2
Condition)
Transitional Salt Marsh
22,498 1 14,331 1 64
(AmSLAMM2100)
Transitional Salt Marsh
1 1 11
(ImSLAMMNitial Condition) 5,506 630
Upper Beach Overwash Flats* 215 11 25 8 12
Upper Beach Overwash Flat 1,023 4 0 0 0
VIMS Seaside High Flat® 6,663 1 5,234 1 79
VIMS Seaside High Marsh” 45,195 1 3,934 1 9
VIMS Seaside Lagoon” 131,309 1 112493 1 86

* derived habitat element at the refuge level
A derived habitat resource at the supporting landscape level

Supporting Landscape

While Northeastern BeachdérBeetleis predicted to remain on th&efugeComplexn 2100,it is
predicted to be extirpated from theupporting landscapé.ikewise, Tidal Mesohaline Polyhaline Marsh
EOs, the derived Tidal Mesohaline Polyhaline Marsh CompexiSalt Flat habitasre predicted to no
longer occur on thaupporting landscapénly talf of the Maritime Wet Grassland (G1) BEXsing off-
RefugeComplexs predicted to persist in 2100.

Several additional habitats are predicted to be absent from the supporting landsesgsdwater

Emergent Marsh, Seaside High Flat, Seaside High Marsh, and Maritime Upland Paredbominated.
DeciduousDominated Upland Forest is predicted in slightly less acreage than in 2050. Though not
absent, Maritime Dune Grassland and Upper Bd&agbrwash Flats showloss of approximately5% by
2100 where all that remains is on the Refuge Comidler habitats with relatively high conflict
include Maritime Dune Grassland and Upper Beach Overwash Flats, altreraaining acreage is
harbored bythe Refuge Complex.

Tablell. 2100 Scenario Evaluation Output Table for Priority Resources on Supporting Landscape

Current Current Compatible Compatible % Goal
Resource Type Area (ac) | Occurrences (#) Area (ac) | Occurrences (#) Achieved
Cypress Swam@mSLAMM
5 1 5 1 100
2100)
Early Successional Upland* 199 40 145 32 73
Estuarine Low Flat (1ImSLAM 7110 1 4,643 1 65
-2100)
Est.u_arme Lo_v\_/ Flat (ImSLAM 67,291 1 163 1 0
- Initial Condition)
Estuarine Open Water
808,091 1 707,522 1 88
(ImSLAMM 2100)
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Current Current Compatible Compatible % Goal
Resource Type Area (ac) | Occurrences (#) Area (ac) | Occurrences (#) Achieved
Estuarine Open Water
604,127 1 574,764 1 95
(ImSLAMM Initial Condition)
Freshwater Emergent Marsh* 2 3 0 0 0
Inland Fresh Marsh
11,466 1 8,647 1 75
(ImSLAMM 2100)
Inland Fresh Marsh
" . 10,969 1 8,600 1 78
(ImSLAMM Initial Condition)
Inland Open Water
1,976 1 1,072 1 54
(ImSLAMM 2100)
Inland Open Water
" . 2,119 1 1,032 1 49
(ImSLAMM Initial Condition)
Inland Shore (ImMSLAMM 76 1 35 1 46
2100)
In!a.md Shor.e' (ImSLAMM 121 1 46 1 38
Initial Condition)
Irregularly Flooded Mals
(often Brackish) (LMSLAMM 12,110 1 9,690 1 80
2100)
Irregularly Flooded Marsh
(often Brackish) (ImSLAMM 65,731 1 7,592 1 12
Initial Condition)
Maritime Dune Grassland 237 5 75 1 25
Maritime Dune Grassland* 270 49 73 28 27
Maritime Upland Forest
. ) 33 31 13 12 39
Deciduous Dominated*
Mariti I F Pi
ari _|me Upland ForestPine 5 4 0 0 0
Dominated*
Maritime Wet Grassland G1 32 2 14 1 50
Monarch 9 3 9 3 100
North B hTi
ortheastern Beach Tiger 5 1 0 0 0
Beetle
Ocean BeacflmSLAMM
296 1 227 1 77
2100)
Beach (1m&MM -
Ocean Beach (1m#& 3,298 1 0 0 0
Initial Condition)
Open Ocean (ImMSLAMM
206,684 1 192860 0 93
2100) 8 2
o] (0] 1ImSLAMM
p.en cea.n- (m 190497 1 182854 1 96
Initial Condition)
Regularly Flooded Marsh
(usually Salt Marsh) 9,990 1 2,438 1 24

(ImSLAMM 2100)
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Current Current Compatible Compatible % Goal
Resource Type Area (ac) | Occurrences (#) Area (ac) | Occurrences (#) Achieved
Regularly Floodeiarsh
(usually Salt Marsh) 40,998 1 402 1 1
(ImSLAMM Initial Condition)
Riverine Tidal (ImSLAMM
3 1 3 1 100
2100)
Salt Flat 353 4 0 0 0
Swamp (ImSLAMM2100) 57,455 1 43,106 1 75
Tidal Flat (1mSLAMM2100) 1,686 1 1,014 1 60
Tidal Fresh Marsi(hSLAMM
993 1 457 1 46
-2100)
Tidal Fresh Marsh (1ImSLAMI|
idal Fresh Marsh (1mS 1,058 1 459 1 43
- Initial Condition)
Tidal Mesohaline Polyhaline
1 2
Marsh G4 083 0 0 0
Tidal Mesohaline Polyhaline
2,197 1
Marsh G5 19 0 0 0
Tidal Polyhaline Marsh
idal Polyhaline Mars 940 198 1 5 0
Complex*
Tidal vamp (ImSLAMM
2,054 1 1,522 1 74
2100)
Tidal ImSLAMM
I.d.a Swam.p. (ImS 59 1 8 1 14
Initial Condition)
Transitional Salt Marsh
5,506 1 630 1 11
(ImSLAMM Initial Condition)
Transitional Salt Marsh 22498 1 14331 1 64
(ImSLAMM 2100)
Unkn9yvn (ImSLAMMInitial 5 1 0 1 0
Condition)
Upper Beach Overwash 215 1 25 8 12
Flats*
VIMS Seaside High Flat® 4 1 0 0 0
VIMS Seaside High Marsh” 0 1 0 0 0
VIMS Seaside Lagoon” 131,309 1 112493 1 86

* derived habitat element at the refuge level
" derived habitat resorce at the supporting landscape level

Figurel8displays the most drastic predictions oftaihe stepsin terms of stressors, namely SIAR.
shorelines and streams of tHgasternShore, seaside and bagide, are predicted to siw conflict.In
many cases, habitats are predicted to have changed significasmtyresult oinundation oraltered

hydrology
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Figurel8. Future 2100Conflict
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Figurel8illustrates predicted conflictsin 2100.Shaded areas are predicted to be vulnerable to
stressors of SLR and development as included in scenario evaluations, where darker colors indicate
greater conflict.

Infrastructure Assessment

Mission Criticalnfrastructurefor the Refuge ComplefAppendixB) was evaluate@s a priority resource
via scenarios as defined in the previous Resource Assessment decti@thtime stepx baseline,
2025, 2050and 21000verall, baseline evaluation outputs for teepporting landcapedo not differ
significantly from that of the Refuge Cptax RefugeComplexMCldo not occur throughout the
supporting landscapebut only onrefuge lands anédmall unacquired parcels within the approved
refuge boundanand supporting landscap&hus RefugeComplexinfrastructure on thesupporting
landscapeconsists only of those small representations in these interspersed areas, leading to very
similar evaluation outputs for the Refuge Complex versusstigporting landscapat eachtime step

In addition to MCI, some focus was placed on the projected impacts of SLR on development throughout
the supporting landscapé his interpretation might identify interactions between proposed zoning (i.e.,
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anticipated development and other future langse changgand expected changes in the distribution of
marshes and other wetlandklentificationof lands wih these potential conflictsouldhelp inform the
identification of new Refuge Complex lands.

Baseline Scenario Evaluation Results

All priorityinfrastructure resources on th&efugeComplexand supportinglandscapeshow 100%
compatibility with current, laselineland coverand stressordlt is not until future scenarios that these
resources begin to show conflict with stressdyiste that we did not analyzehetherexcessive use or
inadequate maintenancthreatened infrastructure resources

2025 Scenario Evaluation Results

Refuge Complex
The Wise Point Boat Ramp and associated boat laarepredicted to be completely lost 2025 due

to expected SLR, as theat ramp and gravel lot are functionally at and below sea level currently.

Tablel2. 2025 $enario Evaluation Otput for Refuge Infrastructure on Refuge Complex

Current Current Compatble Compatible % Goal
Infrastructure Type Area (ac)| Occurrences (#] Area (ac) | Occurrences (#) Achieved
B_rldge-TunneI through 20 5 20 5 100
Fisherman Island
Building- Maintenance 1 3 1 3 100
Building- Refuge Residence 3 7 3 7 100
Building- Visitor Center 0.2 1 0.2 1 100
Building- Workamper 04 1 0.4 1 100
Building- Refuge Headquarters 0.2 1 0.2 1 100
Communications Tower 04 2 0.4 2 100
Parking- Asphalt 2 3 2 3 100
Parking Gravel 2 1 0 0 0
Road- Asphalt 22 1 18 1 75
Road- Gravel 3 4 3 3 100
Road- Native 4 2 2 2 50
Trail- Gravel 0.2 1 0.2 1 100
Trail- Mowed 1 1 1 1 100
\[/)V;ek Point Boat Ramp and 04 1 0 0 0

Other resourceshat show reduced compatibility are roads with asphalt aah-gravelnative cover
(i.e., soil)on theRefuge Complexvherenativeroads appear to benost vulnerabledue to their lower
elevations anexpected SLARoads on the eastern portion of the complex show these first signs of
conflict based on SLAMM predictions of Sii&other infrastructurerelated resources show conflict in
2025.
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Supporting La ndscape

Roads with native cover were the only resource to show conflict ostipporting landscape

Technically, roads within the approved boundary butsidethe acquired boundary are on the
supporting landscap& hese small segmentased for refuge pyposes result in the conflicts of refuge
infrastructure on thesupporting landscape

Tablel3. 2025Scenario Evaluation @put for Refuge Infrastructure on Supporting Landscape

Current Current Compatible Compatible % Goal

Infrastructure Type Area (ac)| Occurrerces (#)| Area (ac) | Occurrences (#) Achieved
B.rldge-TunneI through 20 5 20 5 100
Fisherman Island
Buildingg Maintenance 1 3 1 3 100
Building- Refuge Headquarters 0.2 1 0.2 1 100
Canoe Kayak Launch 0.2 1 0.2 1 100
Roadc Gravel 3 2 3 2 100
Roadc Native 4 2 2 1 50
Trail¢ Mowed 1 1 1 1 100

Future scenario evaluations included an assessment of proposed zoning (specifically areas zoned for

development) on thesupporting landscapagainst predicted SLAMM wetlamiistributions at eachtime

step. Outputs from these evaluations can indicate areas were devedoyi plans are in conflict with

expectediand coverchanges due to SLRigurel9displays arescurrently proposed for development
that are predicted to be in a wetland or marsh state at thime step These outputs aréurther

discussedater in thisreport.
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Figurel9. ConflictBetween Future Zoning and SLAMM Wetlands (2025)
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Figurel9displays areas (red) within the approveBefuge Complex boundary andsupporting
landscapethat are zonedfor development (crosshatchinggndthat are predicted to be in some
wetland state in 2025Note that since the iImeter SLAMM simulation was utilized for thiRVA,
developed areas appear to be protected from inundatiolim the SLAMM dmeter simulation, areas
currently protected ly coastal armoing (e.g. those developed areas upland of dikes, bulkheads and
other protective measures) are not modeled to changewetland and open water types, due to the
assumption that this armoring will remain in place.

2050 Scenario Evaluation Results

Refuge Complex
No changes in predicted impacts of SIoRnfrastructure resourcesere observed from 2025 to 2050

on the Refuge @mplex

Supporting Landscape
Future 2050 evaluation outputs for treipporting landscapdo not differmarkedlyfrom that of the

Refuge Complexsome gravel parking and asphalt roads were the only resstmcghow conflict on the
supporting landscapdednically, parking lot area and roads within the approved boundary but outside
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the acquired boundary are on treipporting landscapé hese portions are used for refuge purposes
andare the source othe conflicts of refugespecific infrastructure on theupporting landscape

Tablel4. 2050Scenario Evaluation @put for Refuge Infrastructure on Supporting Landscape

Current Current Compatible| Compatible % Goal
Infrastructure Type Area (ac) | Occurrences (#] Area (ac) | Occurrences (#] Achieved
B'rldgetunnel through 20 2 20 2 100
Fisherman Island
Building- Maintenance 1 3 1 3 100
Building- Refuge 0.2 1 0.2 1 100
Headquarters
Building- Refuge Residence 3 7 3 7 100
Building- Visitor Center 0.2 1 0.2 1 100
Building- Workamper 0.4 1 0.4 1 100
Canoe Kayak Launch 0.2 1 0.2 1 100
Communications Tower 0.4 2 0.4 2 100
Parking Concrete 0.2 1 0.2 1 100
Parking Gravel 2 1 0 0 0
Road- Asphalt 22 4 18 3 75
Road- Gravel 3 2 3 2 100
Trail- Gravel 0.2 1 0.2 1 100

Figure20displays arescurrently proposed for development which are predicted to be in a wetland or
marsh state at thisime step These outputs aréurther discussedater in thisreport.
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Figure20. ConflictBetween Future Zoning and SLAMM Wetlands (2050)
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Figure20displays areas (red) within the approvdgefuge Complex boundary andsupporting
landscapethat are zonedfor development (crosshatchinggndthat are predicted tobe in some

wetland state in 2050Note that since the Imeter SLAMM simulation was utilized for this RVA,
developed areas appear to be protected from inundatidm the SLAMM Ameter simulation, areas
currently protected by coastal armoring (e.g. those ddwped areas upland of dikes, bulkheads and
other protective measures) are not modeled to change to wetland and open water types, due to the
assumption that this armoring will remain in place.

2100 Scenario Evaluation Results

Refuge Complex
By 2100asphat roads begin to show a greater conflict with expected.ShiRough all scenarios, models

do not predict SLR conflicts with other infrastructure, including refuge buildings, the raised-bridge
tunnel section bisecting Fisherman Island, trails, and asphaking.
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Tablel5. 2100Scenario Ealuation Output for Refuge Infrastructure on Refuge Complex

Current Current Compatible| Compatible % Goal

Infrastructure Type Area (ac)| Occurrences (#] Area (ac) | Occurrences (#] Achieved
Bridge- Tunnel through
Fishgerman Island ’ 20 2 20 2 100
Building- Maintenance 1 3 1 3 100
Building- Refuge Residence 3 7 3 7 100
Building- Visitor Center 0.2 1 0.2 1 100
Building- Workamper 0.4 1 0.4 1 100
Building- Refuge Headquarters 0.2 1 0.2 1 100
Commuications Tower 0.4 2 0.4 2 100
Parking- Asphalt 2 3 2 3 100
Parking Gravel 2 1 0 0 0
Road- Asphalt 22 4 15 2 50
Road- Gravel 3 2 3 2 100
Road- Native 4 2 2 1 50
Trail¢ Gravel 0.2 1 0.2 1 100
Trail- Mowed 1 1 1 1 100
Wise Point Boat Ramp dn 0.4 1 0 0 0

Dock

Supporting Landscape

Future 2100 evaluation outputs for thepporting landscapéo not differ from that of the Refuge

ComplexThe proportiors of gravel parking areas, asphalt roadsid roads of native coveetained in
the supportirg landscape areonsistent withthe proportions retained othe Refuge Complex.

Future scenario evaluations included an assessment of proposed zoning (specifically areas zoned for
development) on thesupporting landscapeagainst predicted SLAMM wetlan@ssifications at each

time step Outputs from these evaluations can indicate areas were devedoy plans are in conflict

with expectedand coverchanges due to SLRigure21 displays aresacurrently proposed for
development whih are predicted to be in a wetland or marsh state at timse step These outputs are
further discussedater in thisreport.
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Figure21. ConflictBetween Future Zoning and SLAMM Wetlands (2100)

Figure21displays areas (red) within the approvdgefuge Complex boundary andsupporting
landscapethat are zoned for development (crosshatching) atitht are predicted to be in some
wetland state in 2100Note that since the Imeter SLAMM simulabn was utilized for this RVA,
developed areas appear to be protected from inundatidm the SLAMM Ameter simulation, areas
currently protected by coastal armoring (e.ghose developed areas upland of dikes, bulkheads and
other protective measures) araot modeled to change to wetland and open water types, due to the
assumption that this armoring will remain in place.

Eastern Shore of Virginia and Fisherman IslandNWR RefugeVulnerability Assessment 75




































































































































