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FOREWORD BRYANBROWN

The best first step in achieving a goal is to make a plan. Without a thorough plan for action, a goal can
LINEP @GS (2 0SS StdzaAi@gSed ! yR gAGK | 6A3 3I21f3x &adzOK | &
need a proactive, comprehensive, andthéug Fdzf L) | y® ¢KI 6 Qa ¢gKeé ¢S |G GK
Wildlife Resources (DWR) take the lead on and work with partners to create and implement the Wildlife
LOGA2Y tflyd ¢KAA LIXIY 3FdzARSA 2dzNJ YA&aaA2yhyd2 1 SSLI
YR adzadrAylofS Fa LING 2F GKS /2YY2ysSHtdKQa €1

Decades ago, Congress, the White House, the U.S. Fish and Wildlife Service (USFWS), and thousands of
stakeholders developed a funding path for keeping fish and wildlife species from declining, with the goal

of keeping common species common. The resultéateSNildlife Grants (SWG) program requires that

each state and territory develop an Action Plan. The 2005 Wildlife Action Plan, the first iteration,
NELINBASYGISR | adGN)XGS3ae (2 O02yaSNIBIS +ANBHAYAlIQa oGAf
coordinationand cooperation between agencies, communities, and private conservation groups. These
partners andhe DWR have worked together to identify certain species, identified as Species of Greatest
Conservation Need (SGCN), and habitats in need of conservation, and also to implement meaningful, on
the-ground projects and research to address those ne@dxking to support and restore wildlife and

habitat beforethey declineA & | LINB I OGA @GS | LILINRI OK GKI GQa Y2NB FS
restore imgeriled species.

Ly GKS wn @SINAR aiAyoOS (K#ez2Av RfyARF SLI! NIOYASNE t K H @D adz?
guidance in identifying and implementing research and projects to benefit a wide variety of species

across Virginia. The Wildlife Action Plan identifies specidsdling prioritizes them based on their

need and the feasibility of work identified to address those needs, and maps out strategies that would

help stabilize or grow those SGEAILJdzf | G A2y ad LGQa + INBFG gre& (2 0NE
manageable, specific steps and actions. Many of the projects and actions taken to address the needs of

SGCN have improved habitat for other, more common species that use the same resources.

Like most plans, the Wildlife Action Plan should evolve as needs and capabilities change. Rbe2025,

DWR has worked with partners, including federally and stat®gnized Native American tribes, to

update the Wildlife Action Plan to guide ourwdck i KS Yy SEG mn &8SIFNE® 2SQ0S Ay
SGCN, updated the status of others, examined our successes, and charted paths forward for areas in

need of improvement. Th2025Wildlife Action Plan has a strong focus on more specific, filased

efforts to conserve SGCN and includes new conservation education, enforcement, recreation, and
engagement actions.

Togetherthe DWR, partners, and Virginians can have an impact on the wildlife species that make our
natural world so interesting, diverse, and colorful. With a renewed, updated Wildlife Action Plan, we
have a guidebook to do so.

Ryan J. Brown
Executive Director
Virginia Department of Wildlife Resources



PREFACE

'a L &aGFNISR (KAazX Y& GKANR zANHAYALF 2AfREAFS | O
what progress we have made since our first plan 20 years ago. Obviously, we hawe looigneay

from massive three ring notebookm®lding a thousand pages of narrative and magpsd the GIS

technology has also progressdilit how far have we come in making progress on implementing the
conservation issues outlined in each of the PRass | reviewed the two previous plans, the thing that

stood out most was how much better we are getting at describing specific conservation actiomgthat

our partners and others can take to make a positive impact on the landscape. We still need to do more,

but this iteration of the Plan will hopefylimprove on the previous two.

There are many changes in the 2025 Plan updatee three biggest changes come in (1) separating out

a2YS aLlsSOoASa UKIFd ¢S LINBGA2dzat e AyOf dZRSR Ay (GKS t
to inform the tier ranking; (2) providing occurrence of Species of Greatest Conservation Need (SGCN)

and habitat information on a smaller spatial or geographic scale than in the previous plan; and (3)
coordinating with the tribes recognized by the Commonwealth and those who gained federal

recognition since @15. This last point being the most significant part of my learning process throughout

this revisionWith the help of oumpartners at the Virgini®epartment of Conservation and Recreatiba

(DCR) Division of Natural Heritage (DNH), we have included plants this time. We could not have done

this without their expertise and support. In addition, we have included a more complete list of marine

species and larger emphasis on climate vulnetgbilorking lands and outreach and education.

These changes and the complete review of all of our SGCN lists has required significant work on the
parts of many people and partnefglost importantly, this revision would not have been completed if it
were not for the twoCommonwealth Coastal and Marine Policy Fellows, supported by Viggaia
Grantand the DWRthat worked on this projectClay Ferguson and Cliff Jenkins. Clay was instrumental
in pulling the preliminary SGCN lists together for review by the Taxa teams and then kbegieams

on schedule to complete the reviews. Cliff stepped in as Clay was finishing his fellowship and
shepherded our GIS work and defining habitats, threats and conservation actions. | could not have
maintained the schedule or handled af the coordination if it had not been for these two exceptional
individualsand | know they are both headed for great things in the futduey Martin DWRNongame

and Endangered Species Program Manager, helped me add content to the Plan to address several
O2YYSyia FTNRY GKS {dF1SK2t RSNJ ! ROA&2NER [/ 2YYAGGSS
in the political and environmental services realm provided the insight and direction required for some
important additions to the Plarin addition, Bcky Gwynn kept us all on task and provided guidance to
better consider how we wanted to approach different parts of this revisionaddition, she enhanced

the Plan with her years of wisdom and unmatched writing skills to expand on many parts of the Plan.

Beyond the core team, nmy others contributed greatly to the 202&ildlife ActionPlan. They include:

1 The staff and administrators from the Virginia Department of Wildlife Resousoeses of you
contributed your time and expertise to help us identify and prioritize $pecies ofGreatest
GonservationNeed, understand the habitats those species require, describe the threats
impacting those species and habitats, and articulate the actions that can be taken to address
those threats and help keep species frdeclining Many of you reviewed draft materials,
corrected our mistakes, and helped arrange outreach opportunities. Without your efforts and
expertise, the updated plan would nokist as a viable conservation tool.



 ScottKlopfet yR GKS &dFFF G *xANBAYAlI ¢ SYoKave bde y a SN
invaluable members of this planning teanYour work on developing the GIS tools and online
dashboard for future use set tHeWRup well for the work ahead.

1 Jason Bulick, Anne Chaal and manyother greatstaffand expertsat the VirginilDCRDNH
Yourassistance andollaborative nature have been greatly appreciated. The data, tools, and
analyses you provided were critical in identifying and describing conservation priorities and
opportunities and critically, provided the expertise to include the plants and many of the
invertebrates in this version of the plan.

1 5SS .trtyd2y FyR 208KSNA TN Offide &f§onsemdtian CAaK | yR
Investment Your efforts to help the northeastern states communicate with each othertand
coordinate with the Mrtheast SWAR oordinatorshave advanced our planning efforts and will
enhance our collective ability to address our regional conservation needs.

1 The tribal environmental staffs who provided input and guidance on how best to incorporate
the tribal perspectives, culturally important information and generally just helping the Agency
navigate a new set of relationshipBana AdkingChickahominy Indian Trihe)ack Ryan
(Rappahannock Indian Trib@ndJoe Capell@Pamunkey Indian Trib&jere particularly helpful
AY FYagSNAY3I YlIye 2F Y& OSNEB dzyAyF2NNXSR ljdzSaia
Caleb Hickmawith the Eastern Band of the Cherad®r taking the time to educate us on tribal
issues and relationships.

9 Lastly, the authors would like to thank everyone that reviewed the diélftlife Action Plan and
provided comments. We appreciated the words of encouragement as well as the constructive
criticisms.

This plan is truly the work of many hands @B | & YAY R& @ ae® LI NI 41 & &aavYLd
keep us headed in the right direction. | could never have accomplished this withmargotaking their

time to provide comments, answer questiqgasd carry the load to bring this to completion. It was well

worth sticking around for a couple more years to shepherd the process. | continue to be amazed at the
passion of so many great folks working together to achieve the important conservation ¢@sdp up

the goodwork andthank you for carryingn the legacy of so many others who came before us!

Sincerely,

Jeffrey B. Trollinger

Wildlife Action Plan Coordinator

Virginia Department oWildlife Resources
August 31, 205



EXECUTIVEBUMMARY

Virginia is an incredibly diverse state. While supportiagrly 9Y A f €t A2y LIS2 L) ST +ANBHAYA
provides hundreds of habitat types that support tens of thousands of wildlife species. Throughout
+ANHAYAlFIQa KAAG2NRBI GKSa$S g A suBdnangeScortonfii®berfefits) A G G NB
icons,and recreational opportunities that contribute to community wellbeiimglividual quality of life

and cultural identity

h@SN) GKS tFad OSydda2NBXI zANBAYAIFIQa KFIoAGFdGa KIF @S o
LJIS2 L) S 2KAES +ANBAYAlIQa O2yaSNBIGA2Yy O2YYdzyraide K
including whitetailed deer, Canada geese, and baddjles, many habitats and the species they support

continue to decline. At the time of this writing, over 130 species have been classified as being either
threatened or endangered in Virginidforts to restore critically imperiled speciese oftenexpensive,

contentious, and biologically challengingimited budgets, habitat losnd changeand a increasingly
RADGSNES a4dzA S 2F AyGSNBadGa NBI dzi NBswork; mBécoe Qa 02y
Y2NB O2ftftF 02N GABS IYyR LINRIFIOGAGSD® LG A&a y2 f2y3aSN
ALISOASaKE wlkKSNE GKS O2yaSNBIGAZ2Y O2YYdzyAle Ydza
SYRIYaASNBRKE +ANHRAY asknBa stiatagly te help FeStord iipériaddyfiectining y  LINJ
species ando keepmore common speciesommorz g KAt S | f a2 LINPGOARAY3I 06SyST
communities.

The updated/ildlife Action Plan identifie4921 Specie®f Greatest Conservation Need (SG@id) are
ranked by their relative degree ohperilmentand an additionab190ssessment Priority species for
which thereis notenough information at this time to determine an accurate tier rankidgbitat loss is
the single greatest challenge impactimany ofthese speciesthis Plan, through the online tool,
presentshabitatsby twelfth-order watersheds and th8 GCNhat occur in those watersheds. In
addition, threatsto species and habitats, includinges ofanthropagenicorigin (e.g, poachingillegal
trade, light pollutior) are identified. Conservation actions are outlined for each watersiadiothers
that may be applicable to species or habitats regardless of geography have also been intheled.
Wildlife ActionPlan documents existingrogramsthat address threats or define best management
practicesas well aglata that could be used to document and evaluate the success of conservation
actions. Finally, the updatédildlife Action Plan describes climatrends that have been projected for
Virginia and identifies actions that can be taken to conserve wildtitehabitataunderthose changing
conditions.

+ ANBWHNe! @F A2y tEFy 61 a dzLJRIFIGSR gAGK aAIAYATFAOLY O A
community. Substantial efforts were also made to obtain feedback fr@rsovereigriribal nations
state-recognized tribesand the general public.

It is hoped that this updated Action Plan will help Virgisian all areas, texpand and enhance existing
partnerships, develop new partnerships, direct the use of existing conservation resources toward
priority areas and problems&yring new resources to begaind help the Commonwealth acquire or
develop new human and financial resources to address these important conservation issues.



1. INTRODUCTION
BACKGROUND

Congress created the State Wildlife Gisaiatogram(SWG)n 2000 and the Tribal Wildlife Grant Program

in 2001 to provide critical funding to state, territorial, commonwealth, District of Columbia (D.C.), and
tribal fish and wildlife agencies to conserverisk fish and wildlife. These programs, administergdhe

L d{ ® CAaK |y RUSFWHMdIfa ahd SpértF-NiZResioBatiba Programow the Office of
Conservation Investmentjilled a significant void in conservation funding and opened the door to a new
era of partnership betweegovernmenal and norgovernment agencies and organizations,

communities, businesses and industfjhe primary purpose of the Staaed TribaWildlife Grant

Program is to help states proactively invest in fish and wildlife conservation strategies to prevent species
from becoming endangered and accelerate efforts to restore those already endangered or threatened
(USFW&020)

As a initial condition for receiving SWG funding, Congress mandated that each state and territory
developaWildlife Actions PlafAction Plan; Plar)y October 2005TheWildlife Action Plas were
conceived as an effort to guide states in identifying and addressing the needs of a wide array of wildlife
and habitats of greatest conservation need. The##llife Action Plaswere also used to ensure the
effective use of SWG fundinQWR typically receives approximately $1.2M per year from State and
Tribal Wildlife Grants for salaries and operational costs associated with work on nongame aquatic
species, herpetofauna and to cover costs associated with our environmental service requirements.
Theseare critical conservatioactions that are not eligible for funding under other Agency grant
programs.To guide development of thed#'ildlife Action Plas, Congress establisheitjht essental
elements that had to be addressed befa#&Vildlife Action Plarcould be approved by the Director of
the USFW®Public Law 10891) Theseeight essential elements include:

1. Information on the distribution and abundance of speciegildfife, including low an
declining populations as theate fish and wildlife agency deems appropriate, that are indicative
of the diversity and health of théid 1§ SQa At Rt ATST | yR

2. Descriptions of locations and relative condition oftayitats and community types essential
to conservation of species identified in (1); and

3. Descriptions of problems which may adversely affect species identified in (1) or their habitats,
and priority research and survey efforts needed to identify factors which may assist in
restoration and improved conservation of these species and halzatads;

4. Descriptions of conservation actions determined to be necessary to conserve the identified
species and habitats and priorities for implementing such actions; and

5. Proposed plans for monitoring species identified in (1) and their habitats, for monitoring the
effectiveness of the conservation actions proposed in (4), and for adapting these conservation
actions to respond appropriately to new information or changiogditions; and

10



6. Descriptions of procedures to review the FBamtegy at intervals not to exceed ten years;
and

7. Plans for coordinating, to the extent feasible, the development, implementation, review, and
revision of the Plaibtrategy with federal,tate, and local agencies and Indian tribes that
manage significant land and water areas within gt@te or administer programs that

significantly affect the conservation of identified species and habitats; and

8. Congress has affirmed through the Wildlife Conservation and Restoration Program and SWG
that broad public participation is an essential element of developing and implementing these
PlansStrategies, the projects that are carried out while these P&iradegies are developed,

and the Species in Greatest Need of ConservEGCNhat Congress has indicated such
programs and projects are intended to emphasize.

All states and territories submitted thdinitial Wildlife Action Plans taghe USFWS by October 1, 2005.

Since being approved, the¥¢ildlife Action Plans have been a guiding force in wildlife conservation.
+ANBAYAI Qa4 Hnnp 2AfREAFS 11 OGA2y tfly NBLINB&ASY(HSR
Althoughthe Virginia Department of Wildlife Resources (DWRS the lead agency in developing the

Wildlife Action Planandits subsequent revision in 2016 was intended to be a strategy for statewide

wildlife and habitatconservation and a framework for coordination and cooperation between
governmentdagencies, academinostitutions, communitiespusinesses, industrandnon-
governmentabrganizationsTheDWRand partners have used th&ildlife Action Plan tqorioritize key

species and habitats in need of conservation tminplementneededprojects and research on behalf

of all Virginians.

+ A NH WillKd Actidn Planvas updated in 2015 ah with this2025document, is now in its third
iteration. TheDWRand partners view this update process as an important opportunity to reevaluate the
status ofSecies ofGreatestConservationNeed (SGCN) and their habitats, review conservation
priorities, and reprioritize conservation actions. Furthermore, this update provides a process to review
the conservation efforts, research, and projects implemented during the past decade. It alsothBows
DWRand partners to consider how th&ildlife Action Plan and project prioritization might be improved
to enhance efforts that keep species from beconimgeriled

Based upon discussions witMRstaff and conservation partnerand review of how conservation
actions were described in the 2015 PlanA NH 20¢5WidféAction Plan has beemodified tobe

more dynamic and applicable to smaller landscaphbs. UpdatedWildlife Action Plan adoptgreater
emphasis on habitat conservati@md, with the associated online tool, provides better guidance on how
to implement conservation actions in a meaningful wahile single species efforts may be necessary
to conserve the most critically imperiled species, scores of other species can be effectively and
efficiently conserved via actions that protect and restore the quality of their habiglsle the 2015
Wildlife Action Plan adopd the format used by the Virginia Outdoors Plan that communicates priority
adions and needst the Planning District scalthe newActionPlan provides an overview of the

11



habitats,impacts from changing environmental conditicansd working landscapes, but goes further

with the online tool to apply habitat conservation actions at a more local stakescope of the printed

portion of the Plan addresses those aspects df NAA YAl Q&4 Kl oAlGFda FyR OdzZNNBy
likely to change, while providing flexibility in the online toohimbly adjust onthe-ground

conservation effortqieededto address quickly changimyessorsand current scientific knowledgaf

those threats By enhancing its availability, it is hoped Whaldlife Action Plan will be used by a greater

diversity ofexisting and potential neywartners throughout the Commonwealth.

The 2@5 Plan includes several important additions. Plants were included thiswitheextensive

NEOASSG YR ¢2N] O2yRdz0GSR 0@ QBiXdGA éf NaturalHeritageS LI- NI Y Sy
(VDNH). In addition, marine species were includeddoeaterextent and reviewed by a team of

marine taxonomic experts from théirginia Department of Wildlife Resourc®drginia Marine

Resources Commission and the Virginia Institute of Marine Science. A more significant emphasis is

placed on conservation educati@md wildliferelated recreatiorin thisPlan, and theDWRR & 2 | 4 OKI 6t §
Wildlife and Outreactstaffs ensured that theAction Plarinterfaces with theagenc a dlfeAviewing
Planandoutreach efforts Finally, a significant effort was made to incorporate comments from

+ ANBAYALI Qa bl (A Ghéve bedifededall) regognizddBincSthe ldddar@vision.

Virginia is home to seven federallgcognized and four stateecognized tribes. Many of these tribes are
signatories to the Treaty of Middle Plantation, which specifically mentions tribal rights to oystering,

fishing, and gathering a series of plantsuiiohg edible roots, wild oats, rushes, and other species.

Several tribes participatin natural resources stewardship throughoperative monitoring of fisheries
resourcesoyster reef restoration activities, and monitoring water quality on tribal laMtmy of these

changes resulted inreincrease irtSGCN budlso provided a much more comprehensive perspective of

the currentstate ot A NBAY A Q& AT REAFS YR yIFGdz2NFf NBazdz2NOS

2025WILDLIFACTIONPLANIMPLEMENTATION

Over thepasttwo decades> + ANHA YAl Qa 2 Af RfATFS 1 QlAz2y tfly KIFa&a .
resource and significaneffort has been expended to address issues identified within its pages.

Successful implementation of thwildlife Action Plan can be categorized into four main areas of work:

species research, active resource management, land acquisition, and support and planning.

Speciesspecific research effortwere emphasizedetween theinitial 2005Planandthe 2015 evision

This work provided more focus farA NHA YA I Q& 02 y d30D&tEr luridérR2ayd @2 Y Y dzy A ( &
distribution, taxonomy, habitat requirements, and life history of a diverse set of SGCN. These data have
been critical in helping biologists develop or improve species management effbg<2025 Plan builds
these efforts since 2015State Wildlife Grant resources were used to devedtgiewideconservation

plansfor wood and bogturtles, easternhellbender, Tennessee dace, blablanded sunfishandeastern

tiger salamander Othernotableconservation efforts included building boxes for hellbenders in the
UpperTennessee River watershedsouthwest Virginigo provide additional nesting habitathese

efforts were implementedn conjunction with partners from the Smithsonian National Zoological Park,
Virginia Tech, the University of Virginia at Wise, Virginia Master Naturalist volunteeBoatiuvest

Virginia Community CollegeDWR providedtart-up fundingto a partnership including the Town of

12



Elkton, VA Department of Environmental Quality and the USEWS&store the shoreline of the South
Fork Shenandoah River at the Elkton Lanefiich prevented additional runoff of effluent and debris
from the landfill. Several dam removalrojectsprovided access for shauhd river herringsea lamprey
and American ealnd a host of freshwater mussel host spede@spstream habitats that have been
inaccessible for centuried=inally, Virginia is mationalleader in the propagation of imperiled

freshwater mollusks in the Tennessee River and the Atlantic slope waterahds mussel
propagationfacilities During the pastiecademore than B.6 million musselsincluding23 federaland
state listedspecies have been propagated at these two facilitiaad nearly 400,000nusselshave been
released at strategic restoration sites. Of note, these accomplishnieeitgled restoring the

Appalachian monkeyface and the James spinymussel to their original watersheds for the first time in
decadesas well aseintroducingbrook floater mussel téhree watershedsincluding the South Fork
Shenandoahand green floater and yellow lampmussel to the Sdrtber. The practices perfected at
these propagation and culture facilities have charted new and exciting paths forward for the restoration
and conservation of thesenperiledaquatic resources

Important lands were acquired to conserve SGCN and their habitatg,, 9h2acre Coastal Forest
Wildlife Management Area (WMAyasacquired througha partnership of the USFWS, The Nature
Conservancy, the Conservation Fund, Ducks Unlimited, the National Fish and Wildlife Foundation,
WalmaNli Q& ! ONBa F2NJ ! YSNAOI t NPINFY:Z G§KS 2AfREATS C:
Conservancy and the Virginia Outdoors Foundation@posglides a variety of forested and open habitats
utilized by SGCN asmisphericall importantmigratory bird habitat.Active pine-savannah habitat
management othe Big Woods WMA resulted in the first pairrastingred-cockaded woodpeckeat

the WMA This management also provided extensive habitat for other SGCN like northern bobwhite.
Likewise, active management of the Highland WMA was succesghahiiting additional breeding
habitat that broughtgoldenwinged warblers onto the propertyWhile these effortgequire

considerable effort to delivetthey represent a permanent conservation achievement.

The last category of activities involves a range of support and planning services. The \Biigiifel

Action Plan frequently described how devastating the loss or degradation of habitats can be to species.

Often these impacts are caused by human activifdeDWRQ a4 9 Y JANRBYYSy Gt { SNIBAOS
incorporated the Wildlife Action Plan intts review and commenting process for construction or

development projects. Likewise, the Virginia Fish and Wildlife Information SEVAENVIS) £ A NBHA Y A | Qa
comprehensive wildlife dataase hasintegratedthe Wildlife Action Plarinto its frameworkand

providesa variety of distribution, habitat, and conservation information about the SGEhile DWR

does not have the authority to regulate land development and use of our natural resoorges,

Environmental Services Sectioonsults with those entities that do permit such projects. Our role in

these consultations is to ensure that impacts upon wildlife and their haltit@ttsmay result from these

activities are appropriately considered and minimiz€he may us&AFWIS, coupled with the guidance

and information available through our website perform citing analysis, project scoping, and initiate

consultation with Environmental Services Section staff, as neeBilly, banging environmental

conditionswas identified as a significant threat to seves&CNSince 2008, Virginia has been a leader

in working to develop strategies that addrake changing environmermwithin the updatedwildlife
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Action Planincludingland acquisitions that allow for marsh migration aheleloping living shorelines
that can withstand increased stormmpacts

Undoubtedly, the originalVildlife Action Plarandthe 2015 revision havielped Virginia conserve
SGCN. Howevsdit,is obvioughat more work is needed tmmake the Plammore useable and focusefr
specific conservation actions on the grourithis updatedWildlife Action Plan will address teissues
while facilitatingopportunitiesto evaluate this conservation tool and adapt efforts to meet new needs
and challenges.

GOALS FOR THIPDATEMWVILDLIFACTIONPLAN

The primary purpose of this updatétlildlife Action Plan is to identify conservation actions that will

benefit a diversity of species amébitatsanddescribe where those conservation actions should be
implemented. Based on the extensive work to implement the Tvétlife Action Plan, several key

lessons and concerns emerged to inform the update process. First, the original Wildlife Action Plan was
organized by ecoregions. Each ecoregion chapter included background information on the ecoregion

and more specific details far selection of SGCN found within thearegion (e.g., species life history,

habitat description and status, threats, conservatamtions, and research and monitoring needs). The
ecoregion sections were informative and included relevant information for some species. Unfortunately,
y2yS 2F +ANBAYAFIQ&a O2yaSNBIGA2Y LI NIYSNE YIyl3IS N
the original2005Wildlife! QG A2y tf Iy f Saa al Ote2elgvildife Aton Bld) y &1 &
while morefocusedon Planning Districts, still did not provide specific enough conservation actions that

could be easily implementedspatial scale anaepresentation of needed actions must be presented in a

context that is meaningful and useful to conservation practitioners, communities and businesses, and, in
fact, all Virginians.

A second concern involved the prioritization of projects implementeder the auspices dhe Wildlife
Action Plan and how those efforts related to conservation partners. Much dhttial implementation
has focused on single species survey and research efforts. The majority of these efforts focused on
species that were already criticalmperiled,and this prioritization prevented manywilRprograms

from aligningwork with the Wildlife ActionPlan. Likewise, partners that were not specifically focused o
threatened and endangered species were less able to identify actions applicable to their @k015
Plan attempted to address some of these issues by directing e#iotte Planning District Commission
(PDC)evel (groups of counties/citi¢but still lacked the degree of specificity needed limcal
implementation and direction of activities to specific conservation actioimsaddition, the online tool,
which was unique for 2015, did not have an effective search engine and often gave results, while
accurate for the PDC, were natcurate for specific smaller areas within the PDC.

Finally there wereidentified concerns over théreadth anddepth of the conservatioactions identified

in the 2015Wildlife Action PlanThe specific actions included were ones that could be funded largely by
the federal State Wildlife Grants program and excluded ones that could be funded by other means
(grants, partnerships, etc.JTheDWRrecognizes thémportance of developing more robust set of
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priorities. Inthe first Wildlife Action Planimportant and necessary actions were outlined but withou
any specific prioritizationThe 2015Vildlife Action Platook a much more localized view of
conservation actiondyut it still lacked enough specific actianghe 202Wildlife Action Plamevision
provides severamprovementsto address these concerns:

T

Increased participation by taxonomic experts and other informed partnéhe 2025V ildlife
Action Plarconsulted extensively with taxonomic experts, not only in¢benplete review of all
SGCN species, but also in defining the habitats and threats associated with those species and
specific conservation actions that will benefit those species.

Relevarceat a more local geographic scaj@he updatedildlife Action Plaris written to
provide resource managers with information about priority species, habitats, threats, and
conservation actions in their area of focus and influence at the HUC12 kwselcondareffort,
plannedfor a future additionwill include potential partners and additional funding sources for
compkmentary conservation efforts.

Habitat approachand focugo address threats and conservatiopportunities¢ The revised
Wildlife Action Plafiocusesconservation effortdy habitatsto address threats and conservation
actionsfor a broader array of SGCN.

Prioritization ofspecies and actiornsThis versiorof the Wildlife Action Plarcontinuesa focus

on prioritizing both SGCN asdme of theconservation actions at a local level. In this way,
conservation within Virginia can be carried out in areas in the most need of action or areas
whereefforts aremost likelybe successfudndbeneficial. In addition, the addition of
Assessment Priority species provides for the inclusion of a host of species that may need
conservation effors, but for wich there is little or no information concerning whaoe

efforts might look like.

Represerdtion ofan array ofpartnersg The contents of thigVildlife Action Plafiocus on SGCN
and habitats that are managed by a diversity of federal, sttd,local agencies as well as
private organizationstribal nationsand individuals that implement conservation efforts
throughout VirginiaWhenever possible, relevant tools and priorities developed by these
partners have been incorporated into thildlife Action Plan

Emphass oneffectivenesg TheWildlife Action Plamncludes specific procedures that will allow
the DWRand others to measure the effectiveness of conservation actions implemented from
the Wildlife Action Plan

Onlinedashboard forconservatioractionsg This revision is primarily delivered in an electronic
online format that allows interested entities to search direer geospatiakcale and determine
SGCN presence in the area, what habitats occur in the area and what conservation actions are
associated with those SGCN and their associaggitats.

VALUE OBAN UPDATEIWILDLIFACTIONPLAN

Virginia has a vast array gfpeciesand habitats fom the coast to the mountain®atural resource
conservation in Virginia, as in most statesy illaborative efforby government agencies, nen
governmental organizationbusinesses, communitiegrivate institutions, and citizen#n addition,
each ofthe Sovereign Nations have conservation goals of their Glisbroadcommunitypartners

15



across the Commonwealth to maximize thgportunities for cmserving wildlife and habitat¥/irginia a
Wildlife Action Plamprovides a statewide and local blueprint for conservation actions needed to keep
species from becoming endgered.Information regarding these resources is provided at multiple
levels ranging from single speciesemus to habitats and watershedsheWildlife Action Plams
designed to help all conservatiaectorsunderstand species and habitgisorities at a state and local
levelsand the types of actions needed within their area agpensibility or even backyar@heWildlife
Action Plarincludes1921SGCMNind 519 Assessment Priority specjaeiscoversll major habitat types
representing32 sub-habitats andis searchable athe HUC12 levdbr priority SGCN and threats and
conservation actions by habitaSome species locations are buffered dudhe ease of identification,
sensitive nature o¥ery specific habitat associatiagrsze of some hydrologic unjtand the risk of
collection or poachingn addition, there is a specific section on Working Lands and how lands
specifically managed fdruman activities still provide habitat for many SGCN.

In addition to these changes, the 2025 Plan has been organized and described according to the
Northeast LexicofCrisfield, NEFWDTC 20&2Jacilitate multi-jurisdiction and regionatoordination
among the northeast statfish and wildlife agenciesDescribed habitats, threats and conservation
actions are described according to the definitions and coding scheme developed by the Northeast
1 3a20A1GA2y 27F CA Bidh ard Wikllife Diversty Tedhical \CahBnyftidEX\SETQ)
andits partners. Ultimately, datérom the Virginia Wildlife Action Plamill be added to the Northeast
State Wildlife Action PlaDatabase so that regional projects will be easier to develop.

Using a regionally shared Lexicon (language) to describe species, habitats, threats and actions has many
benefits, as described above. However, it does not allow for nuance and detail related tacspecifi
conservation goals for any given species. DWR and its partners must lean @s-specific

conservation, recovery, and or management plans to provide that level of detail. Where possible, these
plans are referred t@and integrated within the Wildlife Action Plan.

The process of updating thiildlife Action Plamallowed federal, state, and local agengias well as
nonprofit organizations, academic institutiorssate and federally recognized tribes, tribes with a
cultural presence in Virginiand other entitiesto identify common goals and actions that will help all
entitieswork more efficiently at achieving conservation success.Wiilife Action Plams meant to
build upon existing partnershipster new partnershipsnhance and prioritize programs, build
support for the identified priorities, and ldie foundation for effectively and efficiently implementing
conservation actions throughout the Commonwealth.

UPDATEDPLANSTRUCTURE

The updatedwildlife Action Plars organized primarily by the 9 A Edenitial Elemendsequired by
CongressMost of the actionable and specific information has been loaded into an online databdse
issearchable throughraonline dashboard. Thapproachprovidesan easietto-use format and allows

for more accuratespeciedistribution information and associated habitat informatiomfhe Plan, while
only required to be updated every 10 years, shouldipeamic and be updated as new information
becomes availableWhile thistactic may require additional coordination with the U.S. Fish and Wildlife
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Serviceutilizing thedefinedprocesgsfor major and minor changes, it should provide for a more readily
useable Plan until the next revision is due.

1 Introductionprovides background information and an overview of Wadlife Action Plan.
0 Purpose of Wildlife Action Plan
o Implementation of 2@5 Wildlife Action Plan
0 2025 Wildlife Action Plan Goals
o Wildlife Action Plan Value
o Plan Structure
M1 Overview
o Description of theonline dashboard and database
0 Summary of Species Gfreatest Conservation Need
o Criteria for SGCN species (Element 1)
1 Habitats, Threats, Conservation Actions, Monitoliggments 2, 3, ,4)
0 Habitatdescriptions and status (Element 2)
0 Statewide threats to species and habitats, includingrgingenvironmental conditions
(Element 3)
Research needs (Element 3)
Conservatioractions(Element 4)
Monitoring andresearchneeds (Element 5)
o Effectivenessneasures (Element 5)
1 RevisiorProcess and Timelin&lement6)
Stakeholder and PublRarticipation (Elements 7 & 8)
1 Appendices
o Wildlife Health Issues
o Conservation Education & Outreach Efforts to Implement the WAP

o O O

=

2. WILDLIFACTIONPLAN OVERVIEW

+ A NH A y A Wikliife Ad¢BdwNaatdizRs a habitat approach to address threats and conservation
FOGA2ya F2N) GKS adl (wherdfeasitlel K addisioRnthsopdgdnidmpict NI & 2 dzZNDO
(e.g, poaching, illegal trade) have beercluded,along withrelevantconservation actions to address

these threats This approach helps ensure that conservation actions benefit a diversity of species within

the CommonwealthA habitat approach also allows for more spe@egentially to benefitby any single

conservation actioand for the more efficient use of limited resources. Additionally, Wigdlife Action

Plan is desiged to facilitate implementatiorat a scale where conservation most afteccurs; the local

level.

Throughout the proces®WRadministrators and th&Vildlife Action Pla@ & I dwdrked wWith the

understandinghat an effectivewildlife Action Plarrould only be created with input and guidance from
DWRstaff, partner agencies andrganizaions, tribal nations communities, businessesnd the public.
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ONLINBWEBSIT& TOOL

This revision of the Plan will include delivery of a significant portion of the information throughliae

website and toal To make the Plan more executable at a local scale, users will be able to click'dn a 12
order watershed, or a place on a map, and be able to look at habitats that exist within that watershed.
Users will be able to view a list of SGCN that occur in that area, along with associated habitats, stressors,
and conservation actions likely to halpnserve those species. In the future, the DWR hopes to include
links to resources and partners able to assist with implementing those conservation actions.

The online portion will supplement the information required for submission to the U.S. Fish and Wildlife
Service in a printed document and will facilitate making onsite conservation decisions. The text portion
will provide the overview of how the Plan wdsveloped, descriptions of the habitats and threats to
SGCN and their associated habitats, and a description of some ongoing monitoring occurring between
2025 and the next revision in 2035. In addition, there will be appendices, online links, and tidarma
providing additional information on the Plan, such as conservation education and wikdated

recreation efforts, and links to a variety of associated documents, especially in the Northeast region.

SPECIESUMMARY

+ A NH A Yy MWildi¥é Actiom Rigincludes a list 01921 SGCNnd 519 Assessment Priority species
Rather than simply revise the 2015 WAP, staff choseftesh the entire review of potential speciesl
criteria for inclusion and ranking of SGCN have heeorporated intothis document for reference.
While most habitat associations, thread conservation actions were known, taxa teams
reestablished these linkages according to the NE Lexicon as developedNigReDT.C

The 2025Wildlife Action Platncludesa more extensive suite gflants(some were amended into the
2015 Plan in 2024nd more extensive inclusion of marine species. The number of species within each
taxonomic group and tier are identified within Tal2d.

Table2.1. Number of SGCHy Taxonomic Group by Tier.

Taxonomic Group TIERI TIERII TIERIII TIERIV TOTAL‘
Amphibians 9 5 12 9 35
Reptiles 8 3 12 7 30
Freshwater Fishes 17 18 22 29 86
Marine Fishes 1 1 15 8 25
Birds 21 14 26 28 89
Mammals 8 3 6 14 31
Aquatic mollusks 29 15 9 9 62
Aquatic crustaceans 3 4 5 4 16
Aquaticinsects 16 63 44 32 155
Other aquatic invertebrates 15 18 7 8 48
Terrestrial insects 33 35 64 34 166
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Other terrestrial invertebrates 45 78 44 40 207
Plants 623 145 69 134 971
Total 830 403 338 359 1921

Animals
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Figure 2.1- Density of SGCN Animadgross Virginia

Inaddition to updating the Tier rankings to describe level of imperilment, each species was assigned a
Conservation Opportunity Rank of A, B, or C (s 15. This prioritization scheme helps managers
focus attention on species with specific management needs and opportunities. Of 20e&STCN
identified within the 2025Vildlife Action Plan21 percent are classified as Category A, indicating that
managers have identified ethe-ground strategies taddress the needs dlfie species or its habitat.
Another 4 percent of the 2025 list of SGCN are classified as Category B, indibatisgecific research
is needed to facilitate otthe-ground action othat identified actionscannot be implemented at this
time due to a lack of resources. The remaining SGZNe(@ent) are classified as Category C or not
given a Conservation Opportunity Rank at all, indicatwag managers have not identifieoh-the-

ground strategies or specific research needs that will facilitate thoserecor that there is not enough
information to determine a specific ranking or tier. Species also were assigned to Category C when
available conservation opportunities have been exhausted. It should be noted that life history and
distribution data are lacking for many of the SGCN.

SPECIES ABREATESTONSERVATIONEECLISTREVISION

Due to the inclusion of additional taXplants, marine species) and the extensive updating of bird and
freshwater mussel distribution data, the DWR chose teveluate the status of all SGCN in this revision
rather than just amend the 2015 list. The complete list of SGCN can belietmd he assessment of

all SGCN was begun by creating a list of all possible species that could be considered, based on their
inclusion on one or more of the following established assessment lists:
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the 2015 Virginia list of SGCN, Fedetligtgd Virginia species, Northeast and Southeast Regional SGCN,

NatureServaanked species, Virginia listed species, and Hi#DKed species.
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Figure 2.2- Density of SGCN Plants across Virginia

The DWR identified categories of potential SGCNs to assist in the prioritization of them:
a. Leaning ina species not included in the 2015 SGCN list that qualified for consideration in the
2025 SGCN review process, as it was found on at least one edtdi#ished assessment lists.

G[ SI-¥YX§FalLlSOASa 6SNBE NBO2YYSYRSR FT2NJ AyOf dzarzy

respective TAC supported inclusion or if no justification could be provided for removal.

b. Low qualifying:a species that barely qualified for inclusion on the potential SGCN list. Species

NEOSAQPSR (KS af2¢ ljdzxr t AF@Ay3Ie f+06St AF GKSe

they met one or more of the followinigtertaxacriteria ranks:

1 ESA, ARisk Species, petition withdrawn (PW) or not listed (NL)
1 RSGCN watchlist (WL), proposed watchlist (pWL), or proposed moderate concern (pMC)
1 NatureServe G5 or S5, &8, G354, SNR, SU, SH, SNA, or equivalent ranks

4S5

lfGK2dzA Kzl 6AFBAYyIE aLISOASAa NBOSAYSR KSAIKGISYS

default included on the proposed SGCN list if TAC teams could not justify removal.
c. Leaningout: a species recommended for remowacause it did not meet at least one of the
criteria aboveand removed if the respective TAC concurred or if no justification could be
provided for inclusion.

An important new component added to this Wildlife Action Plan was an assessment priority (AP)

OFdS3A2NE® {ey2ReWRAESYiRe OlaR$FH2ZNEE GKS 't OFGS532NI

which more information is needed to fully understand statunsl trends to determine the level of

O2yaSNBIGA2Yy O2yOSNY 2NJ {D/b aidlidzaé¢ O6HnNnHH b2NIKS

NEFWDTC 2022). The intended outcome of the new AP list wasftide#) refine the SGCN list down
to that whichk OOdzNJ G St & NBFtE SOGa GKS NBIFfAGE 2F gKI G
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biota; 2) ensure that Virginia species most in need of basic life history, population size and distribution,

and threat assessments are identified in a discrete category ; and 3) catalyze the pursuit, acquisition,
and allocation of funding to address taxa speciesspecific knowledge gaps. The definition adopted for

AP species in this Wildlife Action Plan was:

AP specieare species for which more contextual information is needed to
justify assignment of a conservation status, population trend, and subsequent
SGCN ranking, if warranted. Contextual information may include both direct
data and indirect inferences concernijrigr example, the condition of the

species habitat(s), likely ecology and habitat preferences, and trends in known
threats or stressors. The list of AP species cafoiied here.

While AP species are categorically not considered SGCN Wittiide Action Planthey remain eligible
for State Wildlife Grant funds (D. Blanton, USFWS, personal communicatiather grant fundsin this
way, proper assessments could be adequately funded for many poorly studied species, with the

strategic goal of shrinking the AP list over time.

All species historically
native to VA

SGCN review process

Assessment Priority

concern/stable).

iKS

It

(AP) Species

Least Concern/Stable

Figure2.3. Conceptual representation of the assessment prior{&P) category, new to the second revision of the Virginia
Wildlife Action Plan. The spi©2 f 2 NJ AN} RASy G 27
imperiled species, will fall into this category along with species that do notgeetly need conservation attention (i.e. least

02E

FOly26t SR3ISA

GKI G

Species were added to the AP list in a few ways (Figure 2). Undescribed species were first flagged as
likely candidates for listing as an AP; TAC teams then either confirmed or denied AP assignment.
Similarly, each species suggested for removal from thengal SGCN was considered for goodress
fit on the AP listi(e. is itbeing recommended for removak an SGCbecauseof insufficient
information). Species with NatureServe ranks of GU/GNR or SU/SNR were recommended to the TAC for
AP assignment. Uttiately,eachTAC reserved the authority to migrate any potential SGCN owbeto
APIlistif it could justify that more research and assessment was neededttblishan actual

conservation status.
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Guidelines wergrepared and shared with the TAt® better directapplication of the newhformed AP
category. This document was crafted following a literature review of relevantqgseewed journal

articles. Best practices were identified, as were model examples of what type of information gaps might
qualify a specieor inclusionon the APlist. One exception was made to the AP process. The
Invertebrate TACasked to add 30 species of isooas SGCafter that list had been finalized and put

out for stakeholder reviewMost of thesespeciesare not well understood, so rather than drop them
completely,or try to rush defining their habitats and conservation actiang then put them out for
SAQeview a second timgheseanimalswere added to theAP list

Potential SGCN not categorized as leaning in, leaning oufjuaifying, or AP were considered likely

SGCN. As such, these species received a less rigorous, but nonetheless complete review for

AyOf dzaA2ykSEOf dzaA2yd® LYRSSRZ || KFyRTdzAZ 2F aftAaAlsSte
Subsequently, all species that made thitial list of SGCN were subjected to a more extensive review to
determine their relative imperilment status, and to what degrdeny, viable conservation

opportunities exist for slowing or reversing observed population declines.

Each species recommended for SGCN inclusion by a TAC was subjected to a robust status assessment,
resulting in the assignment of imperilment tier ranks and conservation opportunity ranks.

As the name implies, SGCN imperilment tier ranks (Tiers) help indicate the relative status of species, and
the level of conservation effort needed to slow and reverse the decline. A primary aim of Tiers is to help
inform the use of resources and funding for specific species. The tiers and included species and habitats
in the Wildlife Action Plan provide guidance on where to direct limited resourcesmsute efforts

inspired by the Wildlife Action Plan are applied somewhat proportionately to species.needs

Tier I.Critical Conservation Need. Faces an extremely high risk of extinction or extirpation.
Populations of these species are at critically low levels, face immediate threat(s), or occur within
an extremely limited range. Intense and immediate management aioeeded.

Tier 1l.Very High Conservation Need. Has a high risk of extinction or extirpation. Populations of
these species are at very low levels, face real threat(s), or occur within a very limited
distribution. Immediate management is needed for stabilization and recovery

Tier lll.High Conservation Need. Extinction or extirpation is possible. Populations of these
species are in decline, have declined to low levels, or are restricted in range. Management
action is needed to stabilize or increase populations.

Tier IV.Moderate Conservation Need. The species may be rare in parts of its range, particularly
on the periphery. Populations of these species have demonstrated a dedliend or a

declining trend is suspected which, if continued, is likely to qualify this species for a higher tier in
the foreseeable future. Lontgrm planning is necessary to stabilize or increase populations.

Conservation opportunity ranks (COR) were retained from the first revision, accompanied with minor
clarifications to better distinguish them from the AP category. The goal of thasG@Relp managers
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focus attention on species withiready- identified management needs and viable opportunities for

delivering tlose needs. In other words, COR help distinguish the spfeciegich fundable, ready

conservation actions have been identifi)dm the speciefor whichknowledge gapsr resources

preclude abatement of population and/or habitat declingseCOR alsindicatesviability of recovery

under current resource constraint§pecies anfor habitatsflaggedrelatively early in their declirgas

indicatedby lower Tierassignments)end to be viewed as more cosffective opportunities for

conservation. While these ranks hejpidemore fiscally responsible expenditures, they also lelihe

identification ofspeciesi LISOATAO (y26f SR3IS AL LA Ay ySSR 2F TFAff
FYR G/ ¢ alLISOASas (GKS LINRPLRNIA2Y 2F {D/b OflFaair¥fas

Acal yI ASNAE KI @S A RS yiihrfediddy impl2nentablépecies diBatiAtR ¢
management strategies expected to benefit the species; at least some of which can be
implemented with existing resources and are expected to have a reasonable chance of
AYLINRGAY3I (GKS aLISOASaQ O2yaSNBIFGA2y adGl ddzao

B ¢ Managers have only identified research needs for the species or have only identified
conservation actions that cannot be implemented due to lack of personnel, funding, or other
circumstance.

C¢ Managers have yet to identify actions or specific research needs beyond additional surveys
that could benefit this species or its habitat or all identified conservation opportunities have
been exhausted. However, there is enough known about this spexigstérmine a tiered
conservation status.

Beyond the definitions provided for each ranking category, the TAC considered species and habitat

status, existing and projected threats, adaptive capacity to threats, and other pertinent factors when

assigning ranks. This process is inevitably a sutfectig Y S> o dzi FAGGAYy It & NBFE SO
opinions.S9nce anAPcategory was not used previously, species that should not have been designated

SGCN often receivedaw-Tier rank (lll or IV)The process used for the 2025 revision is more céfte

of actual status, trend, and related information.

Tosupport the work of the TA@ tool was developed to predict Tiers for all proposed SGCN (RABLE
This tool leveraged the intertaxaiteria already collated for the potential SGCN. The tool was developed
by associating the ranking categories ofsatlintertaxa criterigpreviously notedo the four SGCN Tiers,

as best they could be aligned. In all cases, the higltaedtingintertaxacriteria for a given species

served as the automatic Tier predictor. For example, the followitagtaxacriteria species profile

would have resulted in a predicted Tier | only because of the NatureSer$d G2d the State

Threatened + S1 ranks:

IUCN vulnerable (VU), ESA candidR®GCN moderate concern (MC), State Threatened, and
NatureServe G531
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If the NatureServe and State listing ranks were removed from the exantpktaxacriteria profile, the
ESA candidate rank would become the next highestquatfifying predictor, at Tier Il. Remove that ESA
rank, and the remainingntertaxacriteria ranks would have resulted in lowgredicted SGCN Tier ranks.

Table2.2. Reference guide tool used to generate SGCN piiedictions.
Priority Tier Definition Reference Criteria Qualification \

IUCN critically endangered (CE) or
endangered (EN)
Critical Conservation Need. Faces an extreme ESA federally endangered (FE)
high risk of extinction or extirpation. PopulationESA federally threatened (FT) or
of these species are at critically low levels, fac(candidateand S1

Tier | immediatethreat(s), or occur within an extremeRSGCN very high concern (VHC)
limited range. Intense and immediate State endangered (SE)
management action is needed. State threatened (SBnd S1

NatureServe G1

NatureServe G&B3and S1

IUCN vulnerable (V@ndS1

ESA federally threatened (FT) or
Very High Conservation Need. Hakigh risk of candld.ate (C.:D) :
extinction or extirpation. Populations of these ESA dlscr.etlonary review (DR) or
species are at very low levels, face real threat(under review (UR)

Tier Il - o RSGCN high concern (@) S1
or occur within a very limited distribution. .

. . RSGCN proposed very high concer

Immediate management is needed for (PVHC)
stabilization and recovery. State threatened (ST)

NatureServe G2

NatureServe G&a8nd S2S3

IUCN vulnerable (VU)

IUCN near threatened (Nahd S1
High Conservation Need. Extinction or extirpatESA petition withdrawn (PW) or not
is possible. Populations of these species are irlisted (NL)

Tier Il decline, have declined to low levels, or are RSGCN moderate concern (MG
restricted in range. Management action is hee(S1
to stabilize or increase populations. RSGCN high concern (HC)

NatureServe G3
NatureServe G&5and S1
Moderate Conservation Need. The species malUCN near threatened (NT)
rare in parts of its range, particularly onthe  RSGCN proposed high concern (H(
Tier IV periphery. Populations of these species have RSGCN moderate concern (MC)

demonstrated a decliningend, or a declining RSGCN watch list (WL)
trend is suspected which, if continued, is likely NatureServe G&5and S2S3 or
qualify this species for a higher tier in the SX/SH
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foreseeable future. Lontgerm planning is
necessary to stabilize or increase populations.
Typicallywill not meet any of the
Assessment,s‘pe_des fqr which more informatipn is needed above 'intertaxa crite.ria. However,
Priority (AP) justify a;agnment of a conservathn status or ex.cept!ons., gre possible and should
population trend, thus SGCN ranking. briefly justified. SU/SNR rank

qualifies.

Note that not every possible NatureServe ranking (8.ganks, GNR, GNA, etc.) was accounted for in

Table2.2. Omitting these rarer ranks helped reduce clutter. Generally, these ranks were considered
comparable to their most closely related rank listed in T&le For example, a species labelled 33,

would have been considered comparable 6, & ¢ and predicted as a Tier IV if that was the highest
d02NAY3 Nryl F2N GKS ALISOASE dzy RSNI NBZASgod Db! &LJ
species were predicted as AP/R.

With guidance from regional wildlife diversity working groups, the tool was iteratively tailored until
intertaxacriteria rankings aligned reasonably well with Tiers across taxa grougpsoolappeared
especially helpful to those TAC charged with assigningtifingt Tiers to hundreds of relatively data
poor species (e.gplants, invertebrates). Although the predicted Tiers served as default Tier
assignments when the TAC had no other data from which to &&838erassignment, this tool merely
served as a guide to Tier ranking. In all casesTAC reserved the authority to override the predicted
Tier, citing expert opinion and data that is more localize¥itginiathan that which fed into the various
intertaxa criteria ranking processes.

In addition to assisting the TAC with Tier assignments, the predicted Tiers helped reviewers keep close
tabs on species with comparakigertaxacriteria profiles that might have otherwise been assigned
disparate Tier ranks. If, for example, an ESA endangered (FE) species and a RSGCN very high concern
(VHC) species were proposed as Tier | and Tier IV species, respestthddpth being predicted as Tier

I, the tool would flag the Tier IV species as a tkstap discrepancy from the predicted tier, trigning a

second review to ensure all relevant datare considered and that the discrepancy was defensible. In

all cases, discrepancies of two or more steps prompted a second review to ensure the proposed Tier was
more appropriate foVirginiaconditions than the predicted Tier, accompanied by a brief justification.
Justifications were also provided if a species Tier rank differed between the first and $daand

revisiors. All such justifications were made available to 8&Ghroughout the formal feedbdc

process.

Criteria for Avian SGCN

It should be noted that the BirfACused slightly different criteria for includirgpeciesn the SGCN list.
Based on the immense datasets availabletfiss taxon andthe additionof data from the Second
Virginia Breeding Bird Atl§¢ ABBA2&nd associated population models, tAiaCfelt it necessary to use
a different set of selection criteria.
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Birds are a welstudied taxonomic group that have benefitted from extensive research, surveys and
population monitoring at various geographic scales. Although these efforts have not been implemented
evenly across all species, they have produced infoonatiat allow for a datadriven approach to

selection of SGCN. In 2024, Bied TAC followed the SGCN selection and-dgsignment process for

birds that has been in place since the first Wildlife Action Plan in 2005, although some modifications
were made to the process. Both the process and the modifications are outlined below.

In addition, data displayed fdrird SGCN in theew online dashboard are from actual occurrence data,
primarily from theSecondBreedingBird Atlasfor breeding birdsand from the Viginia Fish and Wildlife
Information System for wintering specie&Vhen the Second Breeding Bird Atlas is published in the fall

of 2025, distribution data will be based on modela®yeloped to provide occurrence data that more
comprehensively displays where some of these species may occur based on survey effort and available
habitat. To maintain consistency across taxa groups, only actual occurrence data was usedlanthe
online dashboard.

Breeding Species

Selection of breeding SGCN for the first flars was based on three criteria: population trends,

population size, and Virginia Areadlmportance. The first two variables were retained for SGCN

selection in 2024, while the TAC took a more organic approach to the last variable. The TAC considered
all species known tbreedin Virginia.

Population Trends:

Datasources include the North American Breeding Bird Survey (BBS) fo20266 Virginia waterfowl
surveys conducted as part of the Atlantic Flyway Breeding Waterfowl Survey, Virginia upland game bird
surveys, Virginia Colonial Waterbird survey (conductedyefiss years incoastal Virginia), Virginia

Shorebird surveys (plovers and Americgstercatcher) Saltmarsh Habitat and Avian Research Program
(SHARP, for marsh birds), other Virginia marsh bird surveys, and Viraseid surveys for individual
specieqeasternblackrail, peregrinefalcon,red-cockadedvoodpecker).

The credibility of Virginia BBS trends was evaluated based on samplewsidee( ofroutes where

detected), relative abundance, and precision (ability to deteB#Bannual change in the lobgrm).

Trends with credibility issues (low sample size, low relative abundance, and/or inabdgyeict 3-5%

annual change) were not used. The TAC decided to retain Virginia BBS trends where relative abundance
at the midpoint of the span of survey years was > 0.1 birds/route but < 1.0 birds/route, if the trasd w
statistically significant. If this condition was not met, or if the trend had credibility issues related to any

of the other listed variables, then regional trends were considered as a proxy for the Virginia trend.
Regional trends were based on BirahGervation Region8CR} Virginia falls within four such regions:
Southeast Coastal Plain, New EnglandA¥ttantic Coastal Plain, Piedmont, and Appalachian

azdzy il Ayao ¢CKS ¢!/ O2yaARSNBR NB3IAZ2Yyl fe@gNByRa ol
for a species breeding west of the Blue Ridge Mountains, the Appalachian MouB@Rrend was
considered). If a BCR trend also had credibility issues, the trend for the Atlantic Flyway, the Eastern BBS
region or the United States was considered instead. These braadér trends were also evaluated by
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the TAC for credibility, as well as for applicability to Virginia (i.e. whether thehb&ght thatthe

trendswere representative of the status of the species in Virginia); data from the VABBA2 were used
when needed in order to help with this assessment. In cases where trends for a species had credibility
issues or were not representative of Virginia at any gaphic scale, the TAC attempted to assign a
gualitative value to the trend (increasing, stable, decreasing) based on professional opinion.

Following the above process, numerical trends were translated to the following trend categories:

9 significant decrease (50 % over time period for which data are available [12681 for BBS,
variable for other surveys],

1 moderate decrease49 % to-15 %), population stable (25 to < +15%),

1 moderate increase (+15 to +49 %),

9 significant increase (> +50 %), or uncertain trend @tatistically significant

Virginia Population Estimates:

Datasources include th€artners in Flight (PIF) Population Estimate databagantic Flyway Breeding
Waterfowl Survey, Virginia upland game bird surveys, Virginia Colonial Waterbird survey (conducted
everyfive years incoastal Virginia), Virginia Shorebird surveys (plovers and American Oystercatcher),
Virginiabased surveys for individual specieagternblackrail, peregrinefalcon,red-cockaded
woodpecker), VABBA2 population estimates, published literature, and expert opinion.

Population estimates were translated into the following breeding paftegories: < 100, < 500, < 5,000,

> 5,000 and > 100,000. As there are measures of error around many population estimates, the assigned
categories were reviewed for all species and modified if the TAC felt that the category did not reflect the
& LIS O ap8latien sikd in Virginia.

Virginia Area of Importance:

The avian SGCN selection process for the 2005 andPl@tsconsidered Virginia Area of Importance

(Al). This metric is based on the proportion of the global or US/Canada population of a species that
occurs in Virginia. Species with low Al scores were eliminated from considerélitte thiswas an
imperfect system, some species with low Al scores were still included as SGCN if they were historically
well-established in Virginia(g.,red-cockadedvoodpecker) or if the current Virginia population was

small relative to the global population as a result of plagion declines€.g.,goldenwingedwarbler).

In addition, calculation of Al scores relied on population estimates from different sources in cases where
both a Virginia and a global population estimate derived from the same source was unavailable; mixing
estimates from different sources céxe problematic as those estimatean bebased on different

methods of calculation.

Rather than calculating and using Al scores in ZI234, the TAC instead opted to omit from
consideration as SGCN those species that fell into one or more of the following categories: introduced
non-native species, species with recent range expansios\irginia, occasional/casual/not

established breeders, and species that never bred in abundance/were never significant breeders in
Virginia.
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Combining Factors into Tiered SGCN:
Following omission of particular species in the last step above, species were assigned to SGCN tiers
based on the following criteria:
1 Tier I: extremely small pagations (<100) and small pagations (<500) with significant
decreases
9 Tier IIl: small poplations (<500) with moderate decreases and riuma populations (<5,000)
with significant decreases
1 Tier Ill: all remaining small pofations (<500); meiim populations (<5000) with moderate
decreases; large patations (>5000) with significant decreases
1 Tier IV: large pagations (>5,000) with moderate decreases; very largeytations (>100,000)
with significant decreases.

Once a draft list was assembled, it was reviewed by the TAChamgjes to Tiesssignmentsnade if it
was felt that the Tier that a species was placed in through the above formulas did not properly reflect
the level of conservation concern for that species.

Assessment Priority Species:

The TAC categorized as Assessment Priority those species for which a population trend could not be
determined,and which were not omitted from consideration as SGCN based on their breeding status in
Virginia (se@Virginia Area of Importanég The former include species whose population trends had
credibility issues or were not representative of Virginia at any geographic scale and for which the TAC
could not assign a qualitative value to the trend (increasing, stable, decreasing) basedezsipnal
opinion.

Nonbreeding Species

As in past iterations of the/ildlife Action Planthe TAC considered nonbreeding (wintering, transient)
species for inclusion in the SGCN list. Because fewer/less reliable data are available for many species
outside of their breeding season, the selection process for these species was ledsiditghan it was

for breeders.

The TAC considered nonbreeding species from two different sources: those that had been included in
the 2005 or 2015 Virginia SGCN lists, as well as those on current Regional SGCN listerfitvetistern

or southeastern United States. In addition, the TAC consultedtwéts 2 wQa 2 | G SNF 246t . A 2f
regarding all wintering waterfowl species. Generally, species selected by the TAC from these lists were
identified as regional conservation targets and occur in high enough abundance in Virginia that
consenation in the Commonwealth could contribute to conservation of the species at a broader scale.
Species that were not selected tend to be rare and irregular in their occurrence in Virginia. The Tiers
assigned to nonbreeding SGCN were not based on quawnétatetrics as they were for breeding

species; rather, they reflected the level of conservation concern that the TAC felt was appropriate for
the species. Species were also selected for inclusion oARist if the TAC felt that they might qualify

as &CN, but there were questions about their status in Virginia.
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3. HABITATS

¢ KNR dza K 2 dzii + MNdifd Actiorh Rad, habibkladshayid- degradation were identified as the
most critical issughindering SGCN cogrvation (DGIF2005) Over thepast twodecades, water quality
degradation habitat fragmentation, and habitat loss have become meweteand widespread Since

the 2015Planrevision, theNEFWDT@eveloped an extensive lexicon to define Regional SEGSKECN)

their habitats, threats to those habitatnd speciesand conservation actions that could be taken.

Virginia, as part of this team, used the Northeast Regional Conservation Synthesis to define the habitats
for the 2025 revision.

Northeast Regional Conservation Synthésgswilliger Consulting, Inc. 2043This 2023 Northeast
Regional ConservatidBynthesisipdates the original 2013 synthesis for State Wildlife Action Plans
(Terwilliger Consulting Inc. [TCI] and the Northeast Fish and Wildlife Diversity Technical Committee
[NEFWDTC] 2013). Its purpagasto support the 2025 State Wildlife Action Plan revisidagther
information about the Northeast Synthesis can be foundaatw.northeastwildlifediversity.org

This Regional Conservation Synthesis provides a summary of available information on habitats for
RSGCN and Watchlist species and the condition of those habitats at the regional and national scale.

The Regional Overview describes habitat classification systems and tools, spatial datasets of habitat, and
habitat prioritization resources available for the Northeast regloraddition, it povidesthe best

available information describing each of 24 regional habitat types, known distribution and level of
protection, condition, management tools and resources, and monitoring programs and projects.
Conservation partners protecting, managing, or restgreach habitat are listed. Citizen science projects

and programs that engage the public in conservation of each habitat are described. Information,
research, and monitoring needs for each habitat are identified.

After significant review of the habitat types outlined in the Northeast Regional SynthesRBWke
decided to simplifghe listingto better fit what could most accuratelye defined for Virginia SGCN
These will be discussed-depth later in the chapterbut they do align with the Northeagexicon

Virginia Tech, Conservation Management Institute (Clislia - The 2021versionof the National Land

Cover DatasefNLCDwas usedis a base layer for the habitat map. Several of the base NLCD classes

translate directly to the target classes in tNertheast Lexicon. ForesvereR S F A y [§ Rerrebtdal &

habitats characterized by woody vegetation at least 5 m tall with > 25% tree canopyécoverK S O2 I NA S
classification divides forests into two major clasd®srealForests, and Forest and Woodland. The

primary factor differentiating these types is the dominant species comprising their canopies, with cold

tolerant deciduous and coniferous species comprising the Boral Forest class. Elevation is the proximate
driver far distribution of these types in VirginiBeciduous, coniferous, and mixed forest typesre

separatedn the NLCD by elevation (map class):

Deciduous
Northern Hardwood Forest deciduous forests above 900 m elevation (411)
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Boreal Hardwood Foregtdeciduous forests above 1070 m (412, 413)
Coniferous
Spruceg, coniferous forests between 1070 and 1300 m (422)
Spruceg Firg coniferous forests above 1300 m (423)
Mixed
Boreal Hardwoo&5pruceg mixed forests above 900 m (432, 433)

Any of the three NLCD forest types lower than 900m in elevation were classified as Forests and
Woodlandshut were maintainedasseparate codes for deciduous, coniferous, and mixed stands.

Water and Wetlandsvere represented in two ways. Large water bodies, such as big rivers, lakes, and
estuaries, are included in the f | [gh@éver map and are based on the Nlo@Btere class. National
Wetlands InventoryNWI)datawere usedo identify lakes, ponds, and rivers atalassign them

separate classifications in thef | hdl@at map. TheNWI datawere usedto identify herbaceous,
wooded (i.e. shrub and forested) and open water wetlands tanclassify those as either estuarine or
palustrine, or tidal/nonrtidal. The attribute information from the NWiWas usedo identify tidal water
regimes, then codetb those wetlands in thé t | halgt map.

TheSteep Slopes/Cliffabitat feature wasleveloped froma slope layer from the same elevation

dataset used to classify fores@ope valuesvere investigatedt various locations to determine what

the threshold slope should be for steep slopes and cliffs. Slopes greater than 35% were classified as
GaiSS4xk Of AFTF

No. SGCN
|__EER
W 10-18
19-25
26 - 32
33-41
42-49
50 - 59
W 60 -75
B 76 - 97
I os - 118

Figure 3.2. Density of SGCN Across Virginid®y-order Watershed
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SGCN Watershed Distribution Magg A G KA Yy 2085MWHdfe ActioRanauthorsprovided

distribution maps for the most critically imperiled SGCN. These maps include buffered point locations

where individuabnimak had been documented as well as areas designated as potential habitat. While

these maps were informative, they were limited in their ability to inform msjiecies conservation

actions. In 2009DWRstaff developed new distribution maps for each SGd&tified within the

originalWildlife Action Plarfor whichdistributioninformationwas known. These new maps were based

on finescale watersheds referred to as HUC12 watersiféd=sary and Docto2014p + A NHA Y Al Qa | |
gl GSNEKSRE NIy3aS Ay aAail $§ FTNRBY FLIINBEAYLFGSEE mp &l
counties typically encompasses 10 to 15 HUC12 watersBgesies with known distributions were

included andvere demonstrated in each HUC12 chosen during a searble. majority of these were

vertebrates, freshwater molluskeerrestrial and aquatic invertebratesrayfishand plants By mapping

SGCN distributions within HUC12 watersheds 20@5Wildlife Action Plais able to identify areas that

support multiple SGC{Figure3.1). Likewise, HUC12 mapsovide information at a spatial scale with

enough detaito identify priority areas within a county or planning region, but at the same &inee

coarse enough to hinder illegal collectionsaentifyingprivate landowners. Marinspecies, in general,

were shown for theChesapeak8ay and ofshoremarine environments, in total, becausigere are no
definedHUC12und Ay GKA& LI NI .2F ANHAYAlIQa 3IS23INI LKE

Land conservation in Virginiadffectedby manygovernmental and noigovernmental organizations
and entities. TheDWRowns andnanagesnore than250,000 acres of lands and waters for fish
wildlife, and the habitats that support themn total over4.7 millionacres are undesome type of
conservation status in Virginia

Designation
@ Coheld Easemant
Caonsarvation Easement
. Federal Lands

B Locat Lanas

|:| Maon-Profit Lands

l:l State Lands

. Tribal Lands

Figure 3.2. Conservation Lands in Virginia
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ManagementBased Habitat Categories

LRSYGATFEAYI G(KS KFroAGEd GeLisSa 200dZlASR o0& +ANHAYA
strategy. Congressional mandates for identifying SGCN distrib@i@ndzLX SR 6AGK *ANHAYAL C
geographies and ecosystem typaasresulted in a large numbeaf habitat summaries, condition

reports, and distributions included in previous iterations of Wedlife Action PlanSince habitat

protection or restoration areften some ofthe most cruciatonservatiormeasuresfor vulnerable

wildlife, SGCN have historically been paired with their respective habitat categorapphigch is

replicatedin the 2025 revision, with a stronger focus on regiooallaboration the recognitionof

effects of changinglimatic conditions, and theinderstanding ohuman impacts omaturally-occurring

habitats across the landscap&hehabitat descriptions listed below aderived fromseveral regional

resources which have sought to standardize conservation practice and terminology across states, most
notablytheb 2 NI K S| a i [ Sdedgfghif locatioit M# édgeofimltiple regional

organizations required a synthesis of multiplest practiceslocuments toappropriatelyreflect the

particularities of this state. Additionally, attempts to highlight the prevalence of artificial landscape

types has led to the creation of a robust series of habitat descriptions detailing areas such as reservoirs,
urban settlements, and workglandsin which certain SGCN live

Terrestrial

1. Forested Upland Terrestrial habitats characterized by woody vegetation at least 5m tall with
>25% tree canopy cover

a. Forests and Woodlanddorested upland with structurally and compositionally diverse
ecological community groups (oak, pine, hickory, maple, beech, birch, poplar). Includes
woods that have been thinned or logged (working forest). May include tree farms and
plantations.

b. Boreal Foresic forested upland (generally aboa800 ft in elevation) whose structure
is influenced by shallow soils, increased precipitation, and severe weather and is rich in
northern boreal speciesncludes forests and woodlands that have been thinned or
logged (working forest). May include tree farms and plantations.

2. Open Upland; Terrestrial habitats characterized by <25% tree cover

a. Grasslandshabitat dominated by herbaceous vegetation with few, if any, trees. May
include perennial pastures, hayfields, yards, or crop fields (corn, rye).

b. Shrublandg habitat composed of shrubs (many stemmed woody plants generally less
than 5m tall). May include brushy pastures or crop fields (cotton, peanuts).

c. Glades, Barrens, Savanmg@dabitat composed of sparse, low, and open vegetation with
some tree cover. May include silvopastures.

d. Alpine¢ Barren substrate or herbaceous and low shrubby vegetation above mountain
timberline

e. CIiff & Talug, Expanses of bedrock or broken rock generally lacking vascular plants,
including vertical or nearly vertical rock outcrops
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3. Subterranearg Habitats below the soil surface
a. Caves and Karstnaturallyoccurring aifilled spaces, ranging in size
b. OtherQubterraneanc all other habitas below the soil surface

4. LandWater Interfaceg The zone where terrestrial and aquatic habitats meet and interact, with
a boundary that shifts in space, over time, and under different weather conditions

a. Riparian anddoodplainsg A zone of habitats directly associated with stream sides that
may be periodically flooded

b. Shorelines; Non-beachand dune habitat bordering large waterbodies where vegetation
is limited by fluctuating water levels, waves, and/or tides

c. Beaches & DunesHabitat dominated by sand deposits where wind, tides, and/or
waves (current or historical) shape substrate; vegetation is often sparse or absent

Freshwater

5. Riverineg

a. HeadwaterSreamsg Small order (1 or Il) tributaries to larger creeks and rivers that may
be ephemeral, intermittent, or perennial, depending on precipitation patterns

b. Creeks andRversg Perennial tributaries to big rivers

c. BigRversc The largest channels, characterized by large perennial flows, large quantities
of nutrient and organic matter, high turbidity, and fine sediments

d. TidalRvers and3Sreams¢ Lower reaches of flowing water with tidal influence that
expand in size when precipitation is high and retract during periods of drought, due to
saltwedge intrusion.

6. Lacustrineg; Perennial bodies of water
a. Lakeg; Large (depth, acreage, turbidity) naturally occurring bodigseshwater
b. Pondsc Small (depth, acreage, turbidity) naturally occurring bodies of frester,
including vernal pools, beaver dams, and surface springs.

7. Palustrineg Areas where water either covers the soil or is present at or near the surface of the
soil for at least some portion of the year

a. Nontidal Wetlandsg Ecological community groups of alluvial habitats with overland,
non-tidal flooding regimes. Structurally and compositionally diverse vegetation is
represented. Includes seeps, bofgns, and pond margins. Also includes forested and
scrub wetlands (cypress, tupelo, buttonbush, etc.).

b. TidalWetlands¢g Ecological community groups of regularly or irregularly flooded lunar
tidal wetlands and irregularly flooded wirdlal wetlands. Structurally and
compositionally diverse vegetation is represented. Within the defined community types,
0KS (88XKa& R af2¢é YI NEK NiStEhS8sNithinzhe § KS NI |
intertidal zone.

Marine
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8. Estuarineg

a. TidalRvers and3reamsc¢ Lowest reaches of flowing, tidally influenced water beginning
where brackish water starts and ending where the river mouth dumps into an estuary

b. TidalWetlands¢ Ecological community groups of regularly or irregularly flooded lunar
tidal wetlands and irregularly flooded wirdtlal wetlands. Structurally and
compositions diverse vegetation is represented. Within the defined community types,
GKS GSNX& yRKAARGE YINBK NBFSNI G2 GKS NBfF G
intertidal zone.

c. Estuarieg; Subtidal (continuously submerged) open brackish water, excluding river
mouths. Includes opewater aquaculture leases.

9. Marine¢ Chesapeake Bay; Atlantic Ocean
a. Marine Nearshore; coastal subtidal marine habitats, extending outward as far as wave
action and light penetration to the bottom.
b. Marine Offshore & Oceanigpelagic and abyssal zones of open ocean waters

Novel

10. Novel EcosystemsAreas that have been developed, modified, converted, or otherwise
manipulated by people into conditions mostly or entirdifferent from the original state and
that now operate undehuman management

a. UrbanlLands- Impervious buildingsstructures, and their immediately adjacent semi
impervious surfaces (yards, lawns). May include, but not limited to:
1 Residential
1 Commercial
9 Industrial
1 Military
1 Other institutions
b. TransportationNetworks¢ Impervious or semimpervious pathways thaxist either in
a constant or frequent state of ecologically incompatible disturbangt the primary
goal of provisioning societal needs and activities. May include, but not limited to:
 Roads/roadsides
Railroads
Airports
Powerlines
Shipping lanes
1 Canals, dredged channels

c. Artificial Impoundmentg, Humanimpoundedcreeks, rivers, or wetlands
i Reservoirs
1 Ponds

d. Mines¢ Human created atfilled spaces below the natural land surface, whether open
to daylight or not

= =4 -4 4
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Working Lands

11. Working Landg Lands thaare managed or manipulated for agricultuaalindustrial uses or
human development purposes.

a. Working Forests and Woodland$orestsand woodlandsnanaged and manipulated
for a variety of purposes, many of which support{filgpendent species

b. WorkingGrasslandsSavannas andtarly uccessionaghrublands- Agricultural pastures
and hayfields, both of which are directly indirectly managed to produce livestock.

c. WorkingEstuaries andMarine NearshoreHabitats¢ Marine habitats that support
extractive activities as well as bay and offshore aquaculture

HABITATSUMMARY. DESCRIPTIONSTATUS THREATANDCONSERVATIONCTIONS

Virginia ishome toan incrediblyrich abundanceof habitats. From the shorelines of the Atlanfizast
and mouth of the Chesapeake Bay to the high alpine forests of its western mountain ranges, the
Commonwealth enjoys a physiography supportive of abundant and varied wildlife. Though the
separation of a necessarily interconnected, holistic landscajediscrete types will always involve
some degree of simplification and abstraction, the 202#dlife Action Planeam has constructed a
habitat Lexicon which integrates bottage and regionalevel concerns.

Previous versions of the Plan have relied upon several models which successfully identified habitat types

and their conditions, albeit differently than our current approach. The 2015 Plan relied on a combination

of resources pulled together internally bYyAIR (then DGIF) staff and their conservation partners,

including USEPA ecoregional descriptions (Griffetit. 1999), Natural Communities of Virginia:

Classification of Ecological Community Groups (Fleatiaj2013), National Land Cover Dataset (@ry
a.HaMMOZ YR ¢KS bl Gdz2NB / 2yaSNDIFyOe QétallBANITMSS | 4G ¢ S
approachd dzOOSaaFdzZ t & Y2RSt SR #ANBAYAIFIQAa YIa22MNhKI oAl G
state-level conservation tools to accurately reflect b2 YY 2y 6 S| f 6 KQa SO2f 23A 01t Oz
these major habitat types have, in fact, beteansferable to our current approach, and their 2015

definitions have served as the basis for the 2025 update. However, in an effort to align the 2025 Plan

with regional conservation efforts, and to take advantage of an accessible and available series of
sophisticatechabitat modelsthe 2025 Plamabitat types have been primarily based on definitions
LINE A RSR 06& C¢SNBAffAISNI / 2yaBinthdsigIQa b2NIKSFad wsS

CKAE KIFIoAdGl G aeyikSara asSNwsSa (2 aARSyGAFTe GKS SE
GeLisSa SaasSyidatt (2 O2yaSNUIGAzy 2F &aLIS0mS& ARSY(A

frameworkfor interstate consistencio support regional conservation effortés such, landscapes and
seascapes of the Northeast U.S. were determined by using the NatureServe Biotics 5 habitat
classifications and tailoring them to regional physiography. This work was undertaken by Terwilliger
Consulting Ino. and theNEFWDTQvhichensured that certain ephemeral and subterranean habitat
types would be captured in the main classification system. Habitat modiéiadeveloped by
Terwilliger Consulting Inc. and tiNEFWDTGupplement the broader habitat types by communicating
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specific species requirements for land managers. These include, but are not limited to, habitat niches
OaFSI GdzNBa¢c¢ vz SISO IAPPRALISYORSY I YR YEHE K G £ RIVRING Al @
I ANR Odzt G dzNB ¢ 0 &

The basic structure laid out in the Northeast Lexicon was retained in this version of the Plan. The three

level hierarchy was left unchanged, with a Habitat Type (the SGCN paiithgested within a Habitat

Category (the broad ecosystem category) nestgtthin a Habitat Class (Terrestrial, Freshwater, Marine,

or Novel). However, in employing this classification tool for Virginia, modifications were made to tailor
habitattypestothe2 YY 2y 6 S f 1 KQ& LIK@aA23INI LIKe& | }h&@TAG2 & A Y LI A-
lFoAGIG GelLilSa gSNB FRRSR: RSt SGSRZ IyR SRAGSR TNE
G{lI @ryylra¢ 6SNBE I RRSERUDUNBESBYVYR] BAES8Y ) L)X tagdRt 3¢ & SN
changes were made to the definitions and hierarchical classification of several others. All habitat types
O2yaAiRSNBR &(sae2phdeob) yele pllledyoi &Natural Habitat Categories and considered

in a parallel definition process. Thafort will be articulated later in this Plan. Additionally, habitat

modifiers were altered to provide details on k$¢age usage of habitat types by SGTINSGCN were

paired with habitat types if they bred, developed their young, fed, wiedkar hibernated, or stoped

over (during migration) in them. This excludes using habitat tyipegswildlife used simplhas corridors

or just to navigate between preferred habitafBhis should not be interpreted to mean the wildlife

corridors are not important Many wildlife habitat corridors provide important migratory, dispersal, and
movement habitats, and when a corridor is functionally of high ecological integrity anldajeasize,

habitats in these corridors may be providing essefttéaitat for major life stagefor a specieskor

Y2NB AYTF2NXIGAZ2Y | 02dzi 6AftREATS KFIoAlGlFdG O2NNARZ2NE
Corridors and ConnectiviffPage 97 3

These habitat type definitions serve as the basigHerVirginiaonline tool habitat layer and the habitat
summaries included later in iPlan. They have also been used to provide aggregate statistics on critical
SGCN habitats which inform broader conservation efforts. It was our intent to create a system which is
usable at multiple landscape scales.

Habitat Advisory Committees (HACs), modeled aftefMAE were formed to supply robust summaries

for each habitat type listed above. Like the TARsHACs were composed of both internal and external
experts. Beyond engaging DWR staff, who provided substantial authorship, individuals from the Virginia
Department of Conservation & Recreati®bivision of Natural Heritagé&/irginia Department of

Forestry, and The Nature Conservadeyelopedsummaries. In some cases, a single individual was
responsible foone or more habitat typsummaries with which they ltba deep knowledge. However,

the development of descriptions gsbme habitat groups, such &Riverine; required more intensive
coordination among an array of several authors due to less clearly defined boundattiesitnéluded

habitat types.

Each of thesdabitat summariesncludes ageneral description, currergxtent, historicextent, habitat
threats, and potential conservation actions. Additional requirements were introdugbdre

appropriate, including (but not limited to) sections detailseciegelationships to urban or

agricultural development, age class descriptions, hydrologic regimes, and use as a working land. The
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information gleaned from these summaries, particularly that which explicitly concerns conservation
threats and actions, does not serve as the basis for their SGCN analogues, which were supplied by the
TACs and are required elements of every Wildlife Addlam. Instead, these habitat threats and actions
focus on landscapscale challenges which may be the most pressing issues for SGCN, but which are
potentially managed by different individuads entities Any Wildlife Action Plarmvould be remiss to

excluce a landscape perspective from its conservation recommendations, both in the immediate
implications of carrying out that conservation work and for the broader purpose of conceptualizing the
OdzZNNBy il aidliddza 2F £ANBAYAIQa 6AfRfEATSO

Twentysevenhabitat summaries are listed belgwlong with CMproduced maps which roughly display
their distribution throughout the commonwealth. Every summaésys its primary author or group of
authors, whose work has been invaluable to the 2025 Wildlife Action Plan.

Habitat Descriptions

Forests & Woodlands
Jean Lorber, The Nature Conservancy

Forested uplands represent a large majority of natural cover across the state. Upland forest cover
steadily expanded during the first half of the 20th century, as abandoned farmland turned into
successional forestland. However, this expansion soon peaked, with forest loss from urban/suburban
expansion beginning to outpace the aforementioned forest ghirnal forest acreage in Virginia has
stabilized in the last several decades at around 16 million acres.

2 " 9
. Bt

Forest Lands Rapidan WMA

There is a great diversity of upland forest communities in Virginia. Broadly speaking, the easternmost
Coastal Plain contains significant managed and natural loblolly pine stands, while the westernmost
Appalachian Mountains are dominated by natural mioaét stands, with the central Piedmont
representing a transition between the two. While 118 species of trees have been found on forested
uplands in Virginia, only 15 species represent the great majority of the forest canopy.
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Forests
I Boreal Forests

Forest & woodland (Deciduous)
I Forest & Woodland (Coniferous)

Figure 3.3. Forest Lands in Virginia

¢KS /2FadFf tflFAyQa dzLJX ' yRa O2y il Ay &AAIYATFTAOLYOH |
on a30¢40-yearrotation. However, natural pine/hardwood stands represent over half of upland

acreage and are fairly evenly distributed in age, ranging fref@@®years old. In the plantations,

loblolly-focused management results in little room for other species; it is over 80% of forest volume. In

the natural stands, tulip poplar is numerous, followed closely by oaks, then sweetgum. There is still a
sizeable component of Idblly pine, with numerous other hardwood species like red maple, American

beech, swamp tupelo filling out the remaining growing space.

¢tKS t ASRY2y(iQa dzLd ' yRa O2yGlFAYy Ly 2@SNIftf f26SN L
Southside subregion home to much of it. The pine plantations here are dominated by loblolly, managed

onthe same80c40yearNR2 G F A2y ® ¢KS yIF (dzNI & adryRa GKS tASRY2
distributed in age, with more acreage in tB6¢100-yearrange, and lesser amounts either older or

younger. In the natural stands, oaks and yellow poplar are equally dominant, each representing ~30% of

forest volume. e remaining growing space is occupied by loblolly and Virginia pine, with smaller

amounts of hardwooddike red maple, hickories, and sweetgum.

¢KS az2dzyil Ay NBIA2Yy Q& dzZLX | yRA | NB -bakahd BaidwoSdE Of dza A &
aldlyRaz gAGK &8S8Sftf2¢ LAYSEa NBfESIFIGSR (2 RIMNKASNI | YR
ownership is found here: the George Washington and Jefferson National Forest, representing about a
GKANR 2F GKS NB3IA2yQa F2NBada Fd moy YAftAzy | ONB
towards older age classes @Q0 years), especialon public lands; young forest makes up just 3% of

aaeage on public lands and 10% of private lands. Trugadith forest is relatively rare, but much of

the public lands are approaching the age threshold forgstuivth. Oaks represent close to 50% of

forest volume, with other hardwoods like tulip popland red maple, as well as white pine, occupying

smaller (but increasing) amounts of growing space, especially on more productive sites. Pitch, Virginia,
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shortleaf and tablenountain pinesare found on less productive sites, while subcanopy tree species like
blackgum and sourwood persist throughout.

¢KS RSaA3aly 2F GAYOSNI KFENBSadAy3a Ay ANBAYAl Qa
region. In both the Coastal Plain and Piedmont, pine plantations are typically managed with a regular
series of thinnings, culminating with a finalaleut around age 30. That said, more recent changes in
markets have caused landowners to shorten their rotatidone toincreasing pulpwood priceand

staghant sawtimber prices make shorter rotations attractiduis trend has slowed during the past

yea. In all three regions, natural oak and hardwood stands are typically harvested using didiméter

or selection methods, a practice that is believed to be harmful to the-teng viability of the forest
resource.

alye 2F G2RlIe&Qa O2yaSNBIiAz2y OKIffSy3asSa Ay GKS
thereof, that leaves out dynamics which shaped these forest ecosystemmillemia fire was an ever
present force across Virginia, curating the assemblage of species that could thrive and persist in the
forest. Indigenous burning and natural ignition were regular occurrences, giving rise to a mosaic of
forests, woodlands and savannasch providing a distinct habitat type. Fire also favored oaks and
longleafpine, which have been proven to serve a foundational role in their respective ecosystems.
These foundational species harbor and enable higher levels of biodiversity by their presence, creating
richer and more resilient ecosystems. After a century ofdirgpression, the structural mosaic and
foundational species described above are declining, along with the animal species that thrive with them.

The specifics of this conservation challenge vary by region. In the Coastal Plain, young forest is still
abundantdueto actively managegine plantations. However, a shift to more chemiiceénsive site
preparation practices has reduced the ecological value of that young forest halieatack of old pine
stands represents its own challenge to high conservation value species likedtteckaded

Woodpecker. That said, loblolly pine is fadapted, and compatible with many of the firelated
consenation practices common to longleaf pine savanna management. In the Mountains, young forest
is relatively rare. Even more pressing is the lack of open woodland conditions; woodlands are believed
to have been several times more common ttearly succession&brest. Additionally, red oak species

are rapidly approaching an age where natural mortality increases. Furthermore, the next generation of
oak seedlings is not present, outcompeted by maples and poplars in the absence of fire. The same is
true for yellow pineéd LISOAS&asx Ffo0SAG F2NJ aft A3aKidte RAFFSNBy
forests,allthe challenges described in the Coastal Plain and Mountains are relevant.

The likelihood ofapidly changinglimatic conditionsalso represents a threat to the uplands of all three
regions. Future projections shova hotter climate with more drought. While overall annual

precipitation will remain steady, rainfall will be concentrated in fewer, larger events, leading to more
runoff and less water available to vegetation. All regions will therefore experience matehe

drought stress, leading to decreased productivity and higher tree mortality. In the harddaodated
regions, the trajectory of the current forest is misaligned with the future climate. Mesic species like red
maple and tulip poplar are on the rise, enabled by the previous century of fire suppression and moist
climate. Over the next few decades, these speciglscantinue to gain dominance at the expense of
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oaks. However, they will eventually begin to suffer under the future climate and recede. Unfortunately,
a generation of oak seedlings will have been lost during that time, and the remaining, aging oak canopy
will be ilkequipped to produce a new generati. What species fill the vacuum is up for debate.

While the conservation challenges vary by region, two types of actions would address many of them:
protecting priority blocksof highfunctioning forestland anénhandéng forest managemenwithin

those blocks. There are existing prioritization exercises that could be utilized, based on ecology (e.g.
Resilient Land Mapping Tdalr ecologypaired withsocioeconomic factors (e.gvVaNLA The

resourcing of voluntary land protection tools like conservation easements would secure the continued
existence of the working forest landscape. To improve the condition of that protected forest landscape,
a comprehensive advocacy and landowner éasize campaign could be established (&5gh C Q a
Hardwood Initiativg. Many of the challenges listed above can be addressed with practices found in
existing cosshare programs. ldeally, both of these steps would be conducted in collaboration with
forest industry and localities and informed by strategic planning andniigido create maximum
awareness and engagement by all parties.

Boreal Forests
Greg Estoll, Virginia Department of Forestry

Evidence suggests red spruce grew over a larger range before widespread logging and iniltiéres

early 1900s.Northern hardwood species, and associates, claimed many glieakiding those below

opnnQod . 2 NB | dppraximdidhym 6 c D2 ¥ hINR @SB & 6dpc: 2F F2NBad |
areas (Mt. Rogers/Whitetop and northwest Highland County) contain most of the two primary subtypes,
sprucef/fir (~12,000 acres total) and northern hardwoods (~40,000 acres total). Multiple associate
subtypessuch asastern white pine, northern red oakindmixed hardwoods, are found nearby and

scattered along ridgetopsom Wise County to Shenandoah National Park in the Appalachian Plateau,

Blue Ridge, and Ridge and Valley provinces.

Boreal Forest Mt. Rogers NRA
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Boreal forests, defined as forested hi§ht S@I GA 2y O6Bopnn QO dzLJ I yRa gAGK &
shallower soils, increased precipitation, and severe weather that are rich in northern latitude species,

vary in structure, age, size, species compositiongoductivity. Cool, moist sites with organic rich soils
differentiate from other high elevation forests. Red spruce dominates highest elevation areas with

YSIENI & LJz2NB adGlyRa 6200Fairz2zylffte YAESR adoldk ol f &l
yet younger trees exist, including seedlings and saplings. Both gradations and hard edges exist between
spruce and hardwood trees. Virginia northern hardwoods contain sugar maple, American beech, and

yellow birch, along with black cherry, bladkdh, red maple, American mountaash, striped maple and

mountain maple.

Associate boreal species include eastern white pine, eastern hemlock, northern red oak, white oak,
yellow buckeye, serviceberry, pin cherry, mountain magnolia, and basswood. Predominant species are
shade tolerantwith a fringe of other species that regenerate solely in gaps. Productivity varies from
good to poor based on soil, primarily depth, and exposure to wind, with short trees indicative of harsh
growing conditions.

Structure is ofterunevenaged, or unevessized, from smaitscale disturbances and tree mortality often
induced by extreme cold temperatures, wind, snow and/or ice. Most species include trees within each
appropriate size class; oaks, black cherry, and basswood are exceptions with insufficient replacement
trees¢ without greater canopy modification, these portions of the boreal forest will shift toward shade
tolerant species. Eastern hemlock also has inadequate small trees due, in frapatis ofhemlock

woolly adelgid.Understory vegetation is usually lush, except in the shadiest areas, and includes species
uncommon elsewhere. Forbs, sedges, grasses, brambles, and mosses are calongowith

deciduous shrubs and patches (sometimes very large) of evergreen rhododendron and/or mountain
laurel shrubs.

Springs, seeps, small streams, and occasionally bogs are commonplace. Boreal forests provide valuable
ecosystem water service with infiltration and filtration. In addition to fully forested areas along slopes

and ridges, boreal forests also include barfikld areas usually dominated by yellow birch, and shrub

or open balds (mostly small acreage openings) often with hawthorn on the edges. For further
descriptions,thee ANBAY Al 5SS NLIYSYid 2F /2VASNBIGAZ2Y FyR wS
Classification of Ecological Groups and Community Tigpkeles five forest types and two balds or

barrens.

Invasive plants, invasive pests, native pests, competitors, and potential climate shifts each pose a risk for
boreal forests. Invasive plants are minimal due to limited human use and disturbamtemsuitable

climatic conditions However, some invasive plant species will push into the boreal forest especially
where disturbances occur. The invasive pest emerald ash borer will continue to eliminate white ash as a
component; hemlock woolly adelgid continues to weaken or kill eagtemlock; balsam woollgdelgid

has caused massive declines of native firs in other areas; spongy moth creates periodic widespread
disturbance and mortality; beech leaf and bark diseases may cause declines in a primary species. The
native southern pine beetle occasionally casiseortality in red spruce, hemlock, and white pine. New

York, hayscented, and bracken feare present in some areaandevergreen wood fern is common.
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Thesespeciesare aggressive competitors that can impede tree regeneration espegiadiy coupled
with high whitetailed deer density.

There is limited evidence that higher elevations may be more resistant to watermgeratures

nevertheless, under the scenario of warmer summer temperatures and similar precipitation, the boreal

forest will likely shrink as summer temperature and moisture stress push suitable conditions to higher
elevations for examplered spruce maximum mean monthly temperatigsekc y ¢ C @ wSR & LINHzOS
may be prone to increased winter damage from periods of intense cold especially if mean fall, winter

and springemperatures are higher(which will otherwise aid growfh Genetic diversity is also low,

indicating low phenological variation possible. As spruce and fir are only present at high elevation sites

OF F¥S¢ 14 4uTnnQ0X GKAA FfNBFRe& NINBE NBaz2dz2NODS YI @&
greater platicity and occur at lower elevations; however, their geographic and elevation range will likely
decrease. Oaks, as a component, face a challenge as there is little advance regeneration present to

allow for movement.Warmingtemperaturesmay also lead tincreased pest issues and susceptibility to

wildfire.

The majority of boreal forest governmentowned oris protected bya conservation easement;

however, there are unprotected privatands,including some Fraser fir Christmas tree farms. Grazing

of balds and clearing for additional pasture are potential threats as are new homes fragmenting and
reducing (albeit small) sections of forest. Invasive plant species spread increases with grazing and home
building.

Many animals are associated with boreal forests and a number are dependent upon the habitat
provided, especially the spruce/fir component. These include northern flying squirrel, snowshoe hare,
northern sawwhet owl, hermit thrush, magnolia warbler, goldterowned kinglet, reebreasted

ydzi KI 6§ OKXZ gAYyGSNI gNBys> LIAIYE alflFYFYRSNE YR 2 S¢ff
mourning warbler, and yellosellied sapsucker breed only in the northern hardwood subtype.

Proper forest management can improve forest and/or wildlife habitat conditions. Generally, total
harvesting is unsuitable. Planting red spruce seedlings to increase range, and genetic diversity, is
possible and has occurred recently. Prime locationcaod, moist, fogshrouded, snowaden sites

with some shade. Road or trail construction and maintenance should utilize best management practices
to minimize erosion, water quality impacts, and invasive plant species introductions. Additional acres
couldalso be protected with conservation easements.

Grasslands
Ron Hughes, Virginia Department of Wildlife Resources

Grasslands are plant communities dominated by grasses, sedges, ambody forbs thatthrough

various factorsquch asoils, grazing, fire, weather) remain in an open condition. Grasslands can vary
tremendously in size, structure, function, and species assemblagasnatural prairies and high
elevation grassy balds tumaninfluenced old fields, pastures, and hay fields. They can range in size
from a few acres to hundredsr&slands provide important ecosystem services beyond wildlife habitat.
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World-wide, grasslands sequester approximately 34% of the global terrestrial carbon stock, help
mitigate soilerosion andminimize runoff andimprove water quality Colvig2024).

Maintained Grassland C.F. Phelps WMA

Grasslands are one of the most imperiled ecosystems in North America. Natural grasslands in the East

were open, grasslominated areas interspersed with trees (Hanberry and Noss 2022). The historical

extent and distribution of natural grasslands in Virgisianclear. During earlyolonialsettlement (ca.

1630) it was purportedthat Virginia was 96% forested (Weakly et al. 2012). The remaining 4%

(~2,000,000 acres) was in other cover types. How much of the 4% was grasslands is unknown. Historical
records,local demographics, and the fossil record suggest natural grassland ecosystems in the East may

have been more extensive than once thought. Fossils of specialized grassland birds, such as the greater
prairieOKA O1 Sy Z | Syaf 26Q4& a LJfobhdid th&Eadt iyidated lgrassiahgsiwere & LI NN.
important components of eastern North America.

The postsettlement period (163@.860) is considered the most fegaching period of human influence
affectingOK I y3Sa Ay (GKS RAAGNAOdziAZ2Y YR | 0dzftRt: yOS 2F
2012). Further, land use changes over the sixty years following the Civil War caused major ecosystem
changes that includes loss of more than 90% of the grasslands in the United Stateg2024). In the

East, natural grasslands were often converted to agriculture and other cesesing significant losg

this habitat and associated wildlife. Norative plants were established for grain and hayd

development expanded. By the 1920s, most of the natural grasslands werarldgtopulations of

associated wildlife species were attthe lows. During this period, thoughmodern conservation values
emerged concurrentvith a period of farm abandonment. Fallow pastures and fields became old field

habitat that¥ dzy OGA2Y SR d& aF NOAFAOAILIf £ ANl aatrkryRaAD |1 2650
resulted in a shift toward habitat loss again as fallow fields and opersl@ek converted to

agricultural use. These uses emphasized maximum use of space, highly mechanized machinery, genetic
engineering of crop plants, artde advent of chemical pesticides and fertilizers. By the 19@0sl

managers realized the pligbf grassland habitat and wildlife loss and targeted open land for

conservation across Virginia. Consequently, grassland conservation on both public and aridste |

began, slowing the decline of this imperiled habitat and associated wildlife species. Grasslands serve as
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vital wildlife habitat for274 Species of Greatest Conservation Need (SGCN) identified in the Virginia
Wildlife Action Plan.

Open
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Figure 3.4. Open Lands in Virginia

Natural grasslands are rare in Virginia. TidHlists the few known natural grasslands found in Virginia.

Not only grasslands (prairies), but Piedmont woodlands and savanmgen forest communities

dominated by grasses and forbsare included in this listing. Most of the natural grasslands listed ar
humani Y Ff dzZSYOSR FyR F2dzyR 2yfteé& GAGKAY +lNIMaiid |l Q& t A
Corps Base Quantico, Fort Barfoot, and Fort A. P. Hill) (Weakly et al. 2012). These habitatslaee distu

by random incendiary round fires that are of the size, intensity, and frequency comparable to pre

settlement fire regimes; thus, perpetuating healthy ecosystems (Fleming etld8).20nly one natural
high-elevation grassy bald, spanning roughly 200 acres, exists in Virginia on Whitetop Mountain in

DN} @azy /2dzyide o02SI1fe Si fd wanmMHO® a2NB AYyT2NXYI
ecosystems can be fod inthe VDCRNMlatural Communities Classification of Ecological Groups and
Community Typefor Piedmont OalickoryWoodlands, Savannas, and Grasslands as well as Southern
Appalachian Shrub and Grass Balds.

' LILINRPEAYFGStE&@ om: 2F #+ANHAYAIQa fFyR o0l&asS A& Ay |
known) is in agricultural use that functions as grassland (some hay and pasttaee not managed

directly to benefit wildlife (e.g., haying fields during the breeding and nesting season). An even smaller
LRNIA2Y 2F +ANBAYAlIQa FdzyOlAz2ylf 3INIaaftlyRa | NB L
battlefields, natural area presees, military installations). Some private landowners manage theds

as grasslands, mainly with the help of Federal cost share programs. These habitats are important to a

G NRASGe 27 ,sudhNfBteystein @déadofviBrk, grasshopper sparrow, awdthern

bobwhite as well as seven SGCN bumble bees, monarch butterfly, and other native pollinators. In

addition, these habitats are important to a variety of transient and wintering bird spesties as the

short-eared owl and dickcissel.
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lack of disturbance factors and regimes. Open land is attractive to humans for development and

agriculture andseasily converted to those uses. The lack of disturbance factors and regimes hinder
ecological succession and natural processes that keep grasslands in an open and functional state. Given
GKS /2YY2ygSIfikKQa Of AYIlI GSX fcanduppbdzRiSersityofdgend 2 A f a
habitats including grasslands. During segtlement,influences such asatural and anthropogenic fires,

floods, hurricanes, thunderstorms, tornados, ice stortagge herbivores (e.g. elk, biscamd insect

outbreaks created and maintained large areas of open habitat within the larger forested landscape

(Oehler et al. 2006). However, in modern times, several disturbance factors are controlled (e.g., fire
suppression). Grasslands must be kept irroptate and managed using fire or other tools that control
establishment and encroachment of woody species. Further, the scale to which grasslands are

established and manageddhallenging yets important to consider in management decisions.

Shrublands
Marc Puckett, Virginia Department of Wildlife Resources

As Virginia transitioned from a rudimentary farming economy in the early 1900s to an industrial
economy after World Wall, open lands acres began to leforested ordeveloped. Though it is difficult
to assess, shrublands likely peaked in Virginia in the late 1800s to early 1900s.,lib i$%¥imated

Shrubland Virginia Piedmont
that 80% of Virginia was in open farmland of some kind. And many of the remaining forests were in

early successional stages due to excessive logging. At thattietkods of maintaining fence lines, fiel

edges and uncropped openings were crude. Common equipment like large rotary mowers and modern
herbicides did not exist. Therefore, shrubby fence lines and shrubby areas around crop fields were
common. It is hard to estimate the acres of shrubland thart,ibwould have likely dwarfed the acres of
Y2RSNY GAYSad ! aAy3 || NRBAdAK SadAYlFrdGAz2zy 2F ym: 27F
only 10% of that farmed land was in shrub habitat, there would have been over 2,000,000 acres of shrub
habtat surrounding farmed lands alone, not including young forests in regeneration. Virginia at that
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time was an earhguccessional species wonderland. However, it wasaladime whensoil erosion
and stream sedimentation likelyere at an alitime high.

Loss of shrubland continued with large scale reforestation after WorldI\WEne development of more

intense farming methods, feeding more people on far fewer acres, modernization of forestry and

conversion of many farmed acres to pine plantations, coupled with human population growth and
development greatly reduced early successional acres. Today, about 34% of VAriginthmasss in

farmed land consisting largely of row crops and pasture and hay l@hese modern farmed acres are

managed with effective herbicides and brush control techniguoesking shrubland less common now

GKFY  OSyilGdz2NE 320 ¢KS | dzSa i A-FEyfopdbsétteinghl = (K2 dzZIKX
flryRaOlFLIS O2yairad 2FK ! NB (2Rl &Qa a-eoNdzatbr Yy Ra adz a
times? Considering that ahiginal people practiced rudimentary farming for centuries, often relying on
prescribed fire to set bagilant succession, it is likely that a significant component of shrubland existed

during precolonial times. Historical accounts of large expanses of switch cane dominated lowlands and
hunting grounds written about by eastern bison hunters, and valleysrifbestas consisting of native

grasses and forbs suggests that shrublands may have been common. Sintd\Vir@2d Of AYI GS A &
mesic one, and soils are fair to good in many areas, the natural tendency here is for open lands to revert

to older forestsover time. It is hard to assess what a purely natural landscape in Virginia would look like.
Shrublands would exist due to natural occurrences like hurricanes, tornadoes, and wildfires, along with

some grazing by large ruminantsit to what extent is speculation.

A better analysis is to look at the last twenty yeaesognizing that the shrublands category includes
clearcuts, or young forests in regeneratidfhether they aranaturally regenerating hardwoods or pine
plantations of some typahese landsstill provide the majority of shrublands in Virginia. Depending on
location, soil type and site index, clearcuts may exist in a shrubland structure from two to ten or more
years postharvest (transitioning from forband brier thicketdominated areas to those dominated by

low growing saplings and shrubs and pines in many cases). National Land Classification Data from the
last twenty years show an increase in shrubland in Virginia from approximately 760,000 acres in 2001 to
992,000 acref 2021. There waa substantial dip in the acreages following the 2008 economic crisis,

but a recovery of timber harvesting followed over the last fifteen years. The NLCD does not break down
these acres by those attributed to timber harvest versus those occurring from atteities. Current

RFEGF &ddz33Said aAKNMXzflFyR O2YLINRASA Fo2dzi m: 2F +ANH
cardboard or building construction materials are not developed that outpace the use of wood, the
amount of timber harvest andhus, shliubland in Virginia should stay consistent into the foreseeable
future.

TheDORracks timber harvests annually. On average between 200,000 and 250,000 acres of timber
harvest occurs in Virginia each year. ®ifert consists of cleacuts, and timber thinning cuts of various
intensities. Cleacutting creates the best opportunity for shrublands, but thinning also increases shrub
levels in the forested understory. Conducting annual surveysddhern bobwhite and songbirds
providessome insights into species that rely on shrubs for at least some component of their life cycle
When observing near cleauts in their early yearshrubland bird species such lasbwhite, yellow
breasted chat, whiteeyed vireo, indigo bunting, rufotsided towheefield sparrow,andprairie warbler
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are commonly heard. It could be argued that these clm#trderived shrublands do not have the quality

or plant diversity of more naturally occurring shrublands, or field borders and hedgerows developed
specifically with planted shrubs, and this is likelye. But the sheer volume of the shrublands provided

by timber harvest dwarfs all other types. It appears that some of these shrubland species are adapting
guite well to modern forestry practices that, while they are not perfect in their provision otdtabi

prove adequate for many species.

While timber harvests will likely maintain substantial acres of shrublands into the foreseeable future, it
remains critical that those managing state, federal, or private lands recognize the value of and create or
maintain shrublands where it makes sensalb so. In addition to clearcuts, shrublands can occur on
rights-of-way, in old pastures and fields, around wetlands, on restored mined lands, and in other odd
areas. It takes active management to maintain shrublands through time. Some sort of distudnance
selective management must occur or many of these shrublands will transition to mature forest. Multiple
federal incentives programs exist thfiancially supporestablishing shrublands such as field borders

and hedgerows, heavy thinning and burning of thinned pine stands, patch clearcuts and others. The key
is to increase the awareness of the value of shrublands and othergartessional plant communities

in the eyes of landowners and the public.

Savannas
Fromt A NH 205\Wildli@ Action Plan

Savannas are unique communities dominated by large mature trees, open canopies, low densities of
young trees, and abundant grass and fgrbund covers. A few examples of hardwood savannas occur

Pine Savanaig Wods W
on military installations in northern and eastern Virgirdad small acreages of longleaf pine savanna
occur on conserved lands in southeast Virginia. Historically, savannas would have been maintained by
wildfires or anthropogenic fires that would have removed shrubs and young trees while leaving mature
trees intact. Today, savannas are maintained by prescribed fire. While existing savanna habitats can be
maintained with management, new savannas aot likely to be created through natural processes.
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While savannas offer unique habitat conditions that can support an assortment of species, they have

limited economic value. As such, few private landowners can afford to manage their properties to

include savanna habitat. Historic fire suppression on comsgklands has allowed diverse mixed forest
communities to exist in areas that were once savanna communities. The only viable means of creating

and maintaining savannas involves working with public and private landowners to conserve areas

through acquisitin, easement, or agreement and managing those areas with fire to preserve mature

trees while eliminating youngeaged trees and shrubs. To maximize the benefit of these efforts,
+ANHAYALIQa O2yaSNBIFiAzy O2YYdzyAle akKz2dzZ R ¥20dz 4&dz
proximity to, existing savanna habitats.

Savanna historically were related to firmaintained longleaf pin€LLPecosystems iVirginiawhichis

at the northern extent of the LLP ecosystem range that stretches from Texas to Virginia. Eighteen
Longleaf Implementation Teams (LIT) are organized through the Longleaf Alliance, including the Longleaf
Cooperators of Virginia (LCOV). LCOV is a cddltidmoiof public and private land managers that plans

and implement conservation actions to benefit longleaf and its species components. Throughout the
range, connectivity, and conversation of corridors of species movement is important. Species are
increasngly moving north and west in responsedaanging environmental condition&ccording to The

Nature Conservancy (TNC). Species are moving 11 miles north per decade. Wildlife corridors identified in
the Virginia Wildlife Corridor Action Pldsee pagd®7 for further discussion on wildlife corridors)

identify these natural pathways that will be used in conservation action. Six conservation lands
comprised of longleaf pine savanna habitat owned by DWW&RYirginia Department of Forestry (DOF)

andthe VirginiaDepartment of Conservation and Recreation (D@R) private landowners fall within

the identified corridor that runs along the Nottoway RivEh(b SandhilBig WooddVMA, Flippo

Gentry, Piney GroveRacoon Creek, and Nottoway Arch). Corridors identifi€€bimserveVirginialong

the Blackwater and James River contain four other LLP conservation areas owned by state and federal
managersf f R 52 YAVA2Y ! vAPBSNBAGE Ta 5 ARG IWam@Engaltd O2 f 2 I A C
Quay NAPand theJames River National Wildlife Refugehese conservation lands will benefit from
conservation actions that provide connectivity to ensure resiliency of preserved lands over time as well

as allowing pathways for species movement.

Glades & Barrens
CNRY +ANBAYAIFIQAa Hnamp 2AfREAFS ' OGA2y tfly

Glades and barrens are naturally occurring open habitats that are characterizbdlbyw soils and

rocky substrates. These habitats generally have a grassy layer with some low shrubs and herbs and
scattered trees (often less that 40% of tree cover) as well as patches of moss and lichen (Aetakson
2013; Flemingt al.2013; Comeket al.2003). Open rocky areas can also be predominant (Comer 2003).
Glade and barren habitats are found in the central and western portions of the state.
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Figure 3.5. Glades and Barrens Habitats in Virginia

Glades and barrens represent distinct botanical communities (C. Ludwig, VA Dept. Of Conservation and
Recreation, Natural Heritage Program, personal communication 2015). Because of their small size,
prolonged disturbancesf glades and barrersaneliminate these botanical communitie8ecause

these habitats tend to be geographically isolated, once a community is eliminated, it may be impossible
for many species to reoccupy without human intervention. Historic threats to these systems have
included intense quarrying, which has resultedbiss of many habitat patches and the fragmentation of
surrounding areas (Andersat al. 2013). Some glades and barrens occur within agricultural lands,

which also can lead to fragmentation and degradation of thbitat from overgrazing. The introduction

of nonnative and invasive species threatens native species endemic to these habitats, and recreational
activities within these habitats often results in trampled vegetation (USFS 2014).

Public and private landonservation is vitathrough easement, acquisition, or agreement. As agencies
and organizationsonsider land acquisitianthey should consider giving greater priority to congagv
this unique habitat. mhportant management actions include prescribed burns and managing wildfires,
monitoring and controlling nomative species, and managing the recreational use of areas to prevent
the trampling of rare plant communities (USFS 2014).
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Cliff & Talus
CNRY 5/ wQa blddz2NYft /2YYdzyAGASa 2F £ANBAYAL [ fl aaai
Mountain/Piedmont Cliffs

Cliffs- Photo credit: DCFDN, Thmas J. Rawinski

Cliff and talus plant communities consist of woodlands, shrub, herbaceous communities and/or
nonvascular vegetation, such as lichen and bryophytes. Vegetation is often sparse and occurring on very
steep or precipitous bedrock faces. Many habitats are #sult of periglacial phenomena. Both

calcareous and acidic cliff habitats may be formed by incision ofdridgr streams. Acidic bedrock
communities can also occur on erosigsistant mountain ridges or domes. Communities where

vegetation is entirely dominated by lichens and bryophytes generally occupy exposed, minimally
weathered, massive cliffs afdmbulder fieldsn the mountains of western Virginia. Habitats vary with

aspect and other environmental conditions. Local zones or ephemeral seepage may be present.

On south and westfacing cliffs of carbonate formations, the surficial bedrock, hot microclimates, and
associatecchemical and physicatresses limit overall vegetation cover, woody growth, and species
richnessScattered scrub growth is typical. On neftiting limestone or dolostone cliffs, habitats are

open but sheltered, with limited direct solar exposure. Local zones of ephemeral seepage are frequent.
Woody vegetation of these more mesic calcareous cliftomparatively diverse and often achieves

larger size than on similar xeric sites. Cliffs on metamorphic andadionate sedimentary rocks are
poorly documented and known from relatively few siltstone, metasiltstone, and metabasaltic cliffs in the
western Piedmont and Blue Ridge. Ordovician registone/shale cliffs of the Ridge and Valley Province
also support communities of this group. All require additional investigation. Habitats probably vary with
aspect and other microhabitat conditions. Vegetation is generally dominated by umbilicategfolio

and/or crustose lichens, with relatively sparse representation of vascular plants.

¢KS @S3ShalraAaz2y 2F | OARAO OfATFA A& 3ISYSNIffte R2YA
especially prominent. Vascular plants are confined to crevices and hoovesed shelves. On drier,
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south- to westfacing cliffs, vascular species may be very sparse and consist of stuntechpatbery
shrubs, and occasionally herbaceous lithophytes. Sheltered, rordastfacing cliffs often support
more diverse shrub and herbaceous flora.

Cliff communities are generally considered stedee, but their conservation status needs further
investigation. Because of inaccessible locations, stands seem immune from many types of
anthropogenic disturbance. Scattered individuals of-mative weedsometimes find footholds on xeric
cliffs, but are largely excluded by the hot, rocky substrates.

Caves & Karst
Will Orndorff, Division of Natural Heritage, Virginia Department of Conservation and Recreation

As of thespring of 2023, the Virginia Speleological Survey has documented 2,953 caves over 10 meters
in length in Virginia. Ten meters is the international convention for minimum length of passages needed
to qualify as a cavéNearly 600 miles of passages have been surveytiiivihese caves. All but a small
handful of these caves occur in tRédgeand Valleyphysiographic province west of the Blue Ridge.
Biological sampling has been performed in approximately 800 of these caves, resulting in identification
of overtwo hundred cavdimited invertebrate species, mostly endemic to Virginia and new to science
when initially discovered. Twihirds of these species are considered globally imperiled or critically
imperiledwith primarily to extremely restricted ranges (G2 or G1 Natureserve Conservation Status
Rank), with many known from only a single cave or karst system. These accessible and documented
caves underlie a small portion of a mudore vastiandscape developed across western Virginia by the
dissolution over geological time of limestone and dolostone, resulting in a largely internally drained
landscape called karst. Karst is charaiged by sinkholes, disappearing streams, relatively few surface
streams, large springs, and caves. Over four thousand square miles (> 2.6 million acres) of western
Virginia is underlain by karst topography, according to mapping by the Virginia Depadfriemergy.

¢tKS @Fraid YF22NAR(Ge 2F +ANBAYAIF Q& JRidgaEndvalley R Ol @Sa f
province either on valley floors or along the lower slopes of mountain ridges. While a systematic land
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been subjectedsince European colonizatipto major land conversion from forests, woodlands, and

grasslands to anthropogenic agricultural landscapes characterized dominantly by grazing and row crops,

with widespread interspersed and upslope silviculture. In parts of the state, land applicatitberofcal

fertilizer, poultry litter, and biosolids is widespread, as is the use oeprergent herbicides and

pesticides.

There are few caver karstspecific regulations in Virginia, although general environmental regulations
provide varying degrees of protection. THeginia Cave Protection Act of 19&8tablished the Virginia

Cave Board, which provides guidance as requested to citizen and agency stakeholders and maintains a
list of caves designated as "significant." Many significant caves are so designated primarily because of
the species that live ithem. The Cave Protection Act also establishes a research permit system for
scientific studies in caves, prohibits the sale of speleothems (cave formations such as stalactites and
stalagmites), and exempts landowners from liability should someone besthjora cave on or beneath
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Carbonate Bedrock in Virginia
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Figure 3.6. Caves and Karst

their property, provided no fee is charged for entry. Solid waste management and stormwater
management laws regulated by the Department of Environmental Quality containsqesific
provisions, as do septic system siting standaiedgilated bythe Department of Health. Guidelines for
certified nutrient management plarepproved bythe Department of Conservation and Recreation
contain karst specific provisions.

In a broad sense, all subterranean communities share a fundamental dependence on a combination of
heterotrophic and chemotrophic/chemoautotrophic sources of energy. Around the world, there are
subterranean communities based on both kinds of systems. Henvenost of the food base for the
ecological groups seén Virginia appears to be derived from material produced in an autotrophic
environment and subsequently transported into the subsurface.

The designation and definition of subterranean invertebrate natural communities in Virginia only exists

to the ecological group level, performed by Dr. David Culver (American University biology professor and
longterm member of the Virginia Cave Board) endontract to The Nature Conservancy in 1991.

2 KAt S / dzf @GSN 6mppmO RSEONROGESaGKESESOEH AXERBOF WS
consistent with their designatiaas ecological groups, and his descriptions lack characteristic

taxonomic associations necessary for delineation to the community level. Slightly updated and
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aS02Yy R 9 RA &tal200% andnélud€lBty A species associated with each habitat based on
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limited species known fror¥irginia butdoes not provide any habitat pairing.

Aquatic versus terrestrial habitats, combined with the physical habitat and associate sources, of food
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- Agquatic Cave Stream

- Aquatic Cave Drip Pool/Epikarstic

- Agquatic Karst Phreatic Zone

- Terrestrial Riparian Cave

- Terrestrial Edaphobitic/Epikarstic Cave

- Terrestrial Dung/Transitory Organic Matter Cave

Aquatic Cave Stream Habitat

Cave streams are streams that flow through cave systems. They may have a variety of physical
structures (e.g.pool/riffle) and substrate (gravel, cobbles, bedrock, hardpan or cemented gravel and
clay). Ingeneralthey are dominantly vadose in nature (above the water table) and commonly exhibit
turbulent flow. Some cave streams are very dynamic in response to precipitation events, while others
remain more constant. Cave streams in Virginia srenany casegarts of integrated subterranean
basins that mayin some case®xceed 100 square miles in area.

There are three sources of water for cave streadlgenicwater is derived from precipitation that
landed in nonkarsaireas andypically enters the cave as channelized flow captured into the subsurface
after flowing onto carbonate bedrockutogenicwaters are derived from precipitation falling on
carbonate bedrock and may reach the stream through flow into sinkholes, channelized surface flow
captured by the subsurface, or quite often by slow, mostly vertical movement through the soil and
epikarst (he upper portion of the bedrock between cave passages and the overlying soil/bedrock
interface). A third source jghreaticwater, where water upwells or spills over from the deeper aquifer,
forming an underground spring that feeds a cave streAny particular cave stream represents a
combination of one or more of these three sources.

2} SN AY OF @S aaNBlrya OFy @FENE Ay (GSN¥ya 2F daKI NRY
gualifies as alkaline (bicarbonate water), with dissolegdium,magnesium, bicarbonate, and

carbonate ions. Cave streams fed by mostly autogenic sources are commonly saturated and deposit

calcite in the stream bed, while allogesdominated streams are generally unsaturated and do not

deposit minerals in their beds.

Nutrients in these systems generally flow into cave streams with the water, although nutrients may be
introduced within the cave (e.goats roosting over water). Culver (1985) considered particulate organic
matter as the main source of organic carbon in caves, but substantial carbon may also enter as dissolved
organic carbon. In both cases, microbial communities may play a role iartiagvhis carbon into
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forms more usable by higher taxa. In many cave streams, feeding trails can be observed across
microbial deposits on the stream substrate.

Cave stream habitats are sensitive to degradation of water quality through introduction of chemical
contaminants, excess nutrients (Holsinger, 1966), and/or sediment. Cave stream habitats can be
resilient, especially in case where there are undergrourmltaries that serve as refugia hydrologically
connected to impacted portions of the stream. Cave stream habitats can also be degraded by changes
in stream flow, both in terms of rate and volume. Human activities likely to negatively impact cave
stream haitats include land development, agriculture, water withdrawals, and logging activities. In all

of these cases, there are best management practices that may be followed to avoid or reduce impacts to
cave streams. However, the implementation of such pecastin inconsistent at besind should be
encouraged

Fonget al. (2007) list the following faunal orders that West Virginiacontain cavdimited taxa

associated with cave stream communities: amphipods (Amphipoda), asellid isopods (Isopoda), crayfish
(Decapoda), hydrobiid snails (Mesogastropoda), and flatworms (Tricladida, Lecithoepetheliata). All but
cavelimited crayfish ar&known from cave stream communities in Virginia. Troglophilic fauna may

include crayfish, salamanders, and small fish, none of which havdinatexl species documented in
Virginia Larvae of epigean insects are locally common.

Terrestrial Riparian Cave

Terrestrial Riparian Cave habitats form adjacent to cave streams, within and immediately adjacent to
the volume of the cave impacted by frequent flooding of the cave streams. The particulate organic
matter introduced into the habitat during flood eventsthe major source of food in these systems
(Holsinger and Culver, 1988). These habitats occur along flood prone perennial cave streams and also
along intermittent cave streams that flood after storm events. The habitat is commonly (but not always)
charaderized by significant deposits of firgrained sediment, rich in organic matter, much of it coarse
and particulate in nature. In some cases, coarse organic matter may be deposited in the riparian zone
with a relative dearth of fine, inorganic sediment.

Terrestrial Riparian Cave habitats in Virginia are in many cases parts of integrated subterranean basins
that may, in some case®xceed 100 square miles in surface recharge area.

There are three sources of water for the cave streams that support terrestrial riparian cave habitats.
Allogenicwater is derived from precipitation that fell on nonkaeseas andypically enters the cave as
channelized flow captured into the subsurface after flowing onto carbonate bedfatkgenicwaters

are derived from precipitation falling on carbonate bedrock, and may reach the stream through flow
into sinkholes, channelized surface flow captured by the subsurface, or quite often by slow, mostly
vertical movement through the soil and epikargt€ upper portion of the bedrock between cave

passages and the overlying soil/bedrock interface). A third soup®&atic water, where water

upwells or spills over from the deeper aquifer, forming an underground spring that feeds a cave stream.
Any cave stream represents a combination of one or more of these three soukttegenically
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dominated cave stream systems are typically more flood prone and introduce more and coarser
particulate carbon into the riparian cave terrestrial habitat than do other stream types.

Microbial communities almost certainly play a role in converting the coarse particulate carbon into
forms more usable by higher taxa. Extensive bioturbation ofdiraned sediments in the riparian
habitat is common, and the presence of oligochaetes &lgaibiquitous. Taxa occupy the surface and
interior of and areas adjacent to these riparian surface deposits.

Terrestrial riparian cave habitats are sensitive to degradation of water quality through introduction of
chemical contaminants, excess nutrients, and/or sediment, but less so than cave streams themselves.
Terrestrial riparian cave habitats can also be ddgd by changes in stream flow, both in terms of rate
and volume, especially when these changes impact flood frequency and severity. Terrestrial riparian
cave habitats can be resilient, especially in case where there are underground tributaries thaserve
refugia hydrologically connected to impacted portions of the stream. Human activities likely to
negatively impact terrestrial riparian cave habitats include land development, agriculture, and logging
activities. In all of these cases, there are beahagement practices that may be followed to avoid or
reduce impacts to cave streams and associated riparian terrestrial habitats. However, the
implementation of such practices is inconsistent at kasd should be encouraged

Fonget al. (2007) list the following faunal orders tha West Virginiacontain caveimited taxa

associated with terrestrial riparian cave habitats: mites (Acari), spiders (Araneae), springtails

(Collembola), pseudoscorpions (Pseudoscorpionida), bristletails (Diplura), millipedes (Chordeumida),

and beetles (Coleoptera). Theare also the faunal groups represented that occur as-iavted

ALISOASE AY ANBAYAFQa GSNNBAGNAIFE NALI NAEY OF @S K
limited species ass@ated with terrestrial riparian cave habitats in Virginia.

Other Subterranean
Will Orndorff, Divisiomf Natural Heritage, Virginia Department of Conservation and Recreation

Aquatic Cave Drip Pool/Epikarstic Habitat

The cave drip poodpikarstic habitat is characterized by water moving vertically (or subvertically) into

the cave (Culver, 1991), following multiple pathways and at various rates. The majority of epikarstic

habitat may not be directly accessible from the cave, consistingatdr stored in and flowing through

inaccessible cracks, fissures, and solution pockets between the cave and the bsultacterface or

flyR adsaNFIF OSd ! yAYIf&d 204ASNWSR Ay 2N 02t tSOGSR TN
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Cave drip pool/epikarstiwaters are typically bicarbonate (alkaline) waters rich in dissolved calcium,
magnesium, bicarbonate, and carbonate. In most cases and at most times, they are saturated with
respect to the mineral calcite and deposit speleothems near the bottom of tileaegt and at the

interface with underlying cave passages. Dissolved oxygen levels are generally neither saturated nor
anoxic.
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In the case of the epikarst and cave drip pools, there is less energy input from particulate matter and
more from dissolved organic carbon and organisms. This habitat is characterized by much lower
resource levels than cave streams, and the associatecafaas adapted to this low energy

environment. Introduction of excessive carbon and/or nutrients into this system can be very damaging
and lead to invasion of the habitat by organisms accustomed to higher nutrient levels (Culver, 1986;
Holsinger, 1966).

Drip pool/epikarstic habitats are sensitive to degradation of water quality through introduction of
chemical contaminants, excess nutrients, and/or sediment, which can clog flow paths in the epikarst.
Epikarstic habitats can be resilient, especially iresaghere impacts are localized and not extensive
across the overlying land surface. The key is ability for fauna to move laterally to and from unimpacted
refugia within the epikarst. Epikarstic habitats are easily degraded by changes in recharge volume and
patterns. Any activity that increases surface runoff and reduces or focuses recharge is likely detrimental
to this habitat. Human activities taking place above or nearly above the epikarstic habitat and likely to
cause negative impacts include land deyehent, agriculture, septic systems, water withdrawals, and
logging activities. In all of these cases, there are best management practices that may be followed to
avoid or reduce impacts to cave streams. However, as in the case of cave streams the imtgileme

of such practices is inconsistent at bastd should be encouraged

It should also be pointed out that epikarstic hattimay extend laterally well beyond the area overlying
humanly accessible cave passages. Delineation of habitat extent in such cases is difficult and must be
inferred from the distribution of bedrock and geomorphology/surface topography. Continuous areas of
similar bedrock and surface morphology between caves likely are underlain by contiguous epikarstic
habitat, and extensive epikarstic habitat most likely exists even in karst areas that are not near know
caves. Protection of the land surface overlying epikarstic habitat is the overriding strategy for protection
of epikarst habitat.

Fong (2007) statthat this habitat is dominated bgopepods andlsolists several associated amphipod
species. In Virginia, theharacteristic fauna of aquatic epikarstic/drip pool habitatsludeamphipods
(Amphipoda), asellid isopods (Isopoda), and planaria (Triclada), as well as numerous copepods
(Cyclopoida and Harpacticoida) and a variety of other microcrustacea.

Aquatic Karst Phreatic Zone Habitat

Karst phreatic zone habitat occurs below the water table (zone of saturation) and consists of waterfilled
solution conduits (caves), chambers, fissures, and fractures. It is accessible to sample and monitor at
the intersection of the phreatic and vadoasgaturated) zones in cave lakes (Culver, 1991) and

cenotes, through groundwater wells, and indirectly through discharge of phreatic water through springs.
The habitat extends to unknown depth, and crustaceans have been observed to occupy the habitat to
depths in excess of thirty meters in the Shenandoah Valley.
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Phreatic waters are comparable to drip waters in that they are generally bicarbonate (alkaline) waters
rich in dissolved calcium, magnesium, bicarbonate, and carbonate. In many cases they are saturated
with respect to the mineral calcite. Dissolved oxy¢mrels are low compared to cave streams, but not
anoxic.

Energy input and distribution in the karst phreatic zone is highly irregular. While the bulk of the water in
the phreatic zone igypically low in dissolved organic carbon, both dissolved organic carbon and carbon
from particulate matter are high near intersections with the vadose zone or the land surfage (e.g.
beneath sinkholes or sinking streams). Much of the phreatic zone fauna {isviieeming and can

migrate laterally and vertically through the aquifer to feed or to escape impairments.

Water in the phreatic zone comes from a variety of sources and has a much longer residence time in the
system than in cave streams or cave/pool epikarstic habitats. The recharge areas for the karst phreatic

zone are large, complex, and not easily deliedat A simple description of the karst phreatic zone is a
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below the water table. Water quality in the phreatic zone can change quickly on a local seslednse

to contamination events, and slowly on a more regional scale because of land use practices over

decades and centuries. Protection of groundwater quality and groundwater levels is critical to the

protection of karst phreatic zone communities (@il 1991). Promotion of practices at the land surface

that encourage dispersed infiltration of clean water to recharge the karst aquifer are essential and must

be widespread to be effective.

Fonget al. (2007) only specified a single Cirolanid isop&ti(olana lira)as characteristic of phreatic

karst habits in West Virginia. However, Virginia taxa commonly collected from the phreatic karst habitat
include amphipods (Amphipoda), planaria (Triclada), copepods (Cyclopoida and Harpacticoida), and
isopods (Isopoda). Wkinonmarine representatives of the isopod family Cirolanidae are restricted to
cavelimited karst phreatic habitats in Virginia, they are not the only taxa present in or comntbisto
habitat.

Terrestrial Edaphobitic/Epikarstic Cave Habitat

This habitat consists of a network of small;fdied cavities in the epikarst, between the cave and the
surface. It is the terrestrial equivalent of the STK2 described above. Because this habitat is difficult to
directly sample, much of what is knownali the animals that live there is from specimens that fall or
are flushed into an underlying cave from above, particularly during storm events.

As the case of the epikarst/cave drip pool habitat (STK2), there is less energy input from coarse
particulate matter and more from dissolved organic carbon and organisms, including plant roots and
associate microbial communities. This habitat is charazerby lower resource levels than cave
streams, and the associated fauna has adapted to this low energy environment. Introduction of
excessive carbon and/or nutrients into this system can be very damaging and lead to invasion of the
habitat by organismsaustomed to higher nutrient levels (Culver, 1986).
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The environmental sensitivity, resilience, and potential sources of impacts to aquatic epikarstic/cave crip
pool habitat also apply to terrestrial edaphobitic/epikarstic cave habifatrestrial

edaphobitic/epikarstic cave habitat may extend laterally well beyond the area overlying humanly
accessible cave passages. Delineation of habitat extent in such cases is difficult and must be inferred
from the distribution of bedrock and geomorplogy/surface topography. Continuous areas of similar
bedrock and sudce morphology between caves likely are underlain by contiguous terrestrial
edaphobitic/epikarstic cave habitat, and extensive terrestrial edaphobitic/epikarstic cave habitat most
likely exists even in karst areas that are not near known caves. Protedtiba land surface overlying

and adjacent to terrestrial edaphobitic/epikarstic habitat is the overriding strategy for protection of
terrestrial edaphobitic/epikarst habitat.

Fonget al. (2007) does not identify a characteristic fauna associated with this communityg &t

Virginia butdoes cite two Coleoptera as examples. In Virginia, samples from cave formations and drip
pools, and in drip collectors, suggest that the terrestrial edaphobitic/epikarstic habitat likely may include
representatives from many of the same faunal orderghasterrestrial riparian cave habitat, in some

cases even to the species level.

Terrestrial Dung/Transitory Organic Matter Cave Habitat

Fonget al. (2007) describes this habitat as being within a few hundred meters of a cave entrance
(though not necessarily large enough for a human to fit). The resource (food) base is derived primarily
from the activities of animals (e,dpats, raccoons, cave rates, crickets, salamandsush as

troglophiles and trogloxenes that migrate in and out of caves regularly. Organic nsattéras leaves

and woody debris falling into the entranamay also contribute. Bodies of animals that fall into the cave
but cannotescape, or that fall in dead, comprise significant sources of food as well. Note that habitat
associated with extensive accumulations of bat guano are rare (and poorly documented) or absent in
Virginia, though they are wetlocumented in several southernagés and Texas (Culver, 1991).

Culver (1991) points ouhat the protection of this habitat requires protection of the foraging areas of

the associated species outside of the cave entrance. Talhir(2005) showed that cave crickets

regularly forage at distances up to 100 meters from a cave entrance. Protection of this habitat requires
maintenance or restoration of a natural buffer of at least 100 meters radius from any entrance
associated with a cav In addition, if cave gates are installed for security or conservation purposes, only
designs that do not adversely impact foraging behavior and access to foraging animals should be used
(Culver, 1991). In general, baiendly cave gates are also frigdly to the foragers associadavith the
terrestrial dung/transitory organic matter cave habitat.

Note that in cases where terrestrial dung/transitory organic matter cave habitat is adjacent to cave
streams, it may well contribute food to both the aquatic cave stream and terrestrial riparian cave

community habitats.

Fonget al. (2007) list the following faunal orders tha West Virginiacontain caveimited taxa
associated with terrestrial dung/transitory organic matter cave habitat: mites (Acari), spiders (Araneae),
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springtails (Collembola), pseudoscorpions (Pseudoscorpionida), millipedes (Chordeumida), beetles
(Coleoptera), and flies (Diptera). These are also the faunal groups represented that occurlanitae
ALISOASEA AY ANHAYALl Qdts. HafesMNBnyTphdnésf mapNaishdnchideleaie OF @S K
limited species associated with terrestrial dung/transitory organic matter cave habitat in Virginia.

Of the six cawassociated habitat types, the terrestrial dung/transitory organic matter cave habitat is
the one with the highest concentration and diversity of troglophilic species, those commonly found in
but not limited to caves. Many of these trogloj#gs do depend on the cave for parts of their life cycle
but move freely in and out as part of their ordinary behavior. Common troglophiles include Alleghany
woodrats, bats (eight species in Virginia are known to use caves), raeasten phoebes, owls,
salamanders, crickets, fungus gnats, millipedes, spiders, and harvestmen.

Ecological Zonation

One traditional way of looking at cave habitats was ecological zonation ét@h@007) based on
LINBEAYAGE (2 fA3IKG FYRk2NI I OF@S SyiNlIyOSo ¢tKS a
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climatic stability and where climatic fluctuations on the surface have little influence. Se¥¢hal six
habitat types occur in more than one of these ecological zones, introducing yet another element of
complexity to understanding or generalizing cave habitats. Over time, the fawesekalved to occupy

a wide array of habitats, many of them occurring in geologically isolated karst areas making migration
between them difficult. The net result is a high number (over two hundred) of-liaed invertebrate
species documented in Virginia.

Riparian & Floodplain
Ben Sagara, Virginia Department of Wildlife Resources

Riverine floodplains are all the lelying areas adjacent to any size stream that can be inundated with
non-tidal floodwaters. When a watershed receives enough water to top a stream channel bank, the
water begins to flow into the adjacent floodplain. Flaagl can be caused by precipitation, snowmelt,
storm surge, openingf dam gates, or dam breech/failure. Bottomland and floodplain forests, swamps,
riverside prairies, impoundments, beaver ponds, and adjacent floodable forest, agricultural, and
developed lads are all located within riverine floodplain ecosystems. Lower elevation areas are
inundated more frequently, whereas higher elevation areas require greater hydrologic inputs and flood
less frequently. Unaltered floodplains account for the dynamic intindaegime of riverine ecosystems
and serve as critical natural infrastructure by attenuating floodwaters and allowing natural sediment
transport.In doing so, they protect human communities and improve water quality and groundwater
recharge However, thee flat and fertile floodplains, particularly those adjacent to large navigable
waterbodies, were some of the first areas to be developed and farmed in Virginia. Many floodplain
areas are still often considered prime real estate. Berms, levees, damsttardrdrastructure have

been created to help protect developed areas from catastrophic flooding disasters. Development along
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river corridors has significantly altered floodplain functions, leading to more frequent and severe floods,
extensive loss of fish and wildlife habitat, and a greater risk to water supplies.

Floodplain habitats are distributed across the landscape along nearly every stream channel. Virginia has
F62dzi Hdo YATEA2Y ONB&a 2F YILIWSR {LISOAIEf Ct22R |
Natural floodplains often contain valuable fish and wildlife habitat and sugpt8SGCN identified in

the Virginia Wildlife Action PlaWegetative composition is driven by differences in frequency of

flooding, groundwater hydrology, watershed size, landscape position, geomorphology, soil composition,
underlying geology, climate, and historic disturbance regime. Low elevation floodplains that are near
permanently inundated generally maintain herbaceous and shrub dominated communities, while

seasonally flooded and temporarily flooded areas are largely forested habitats. Shorelines and other
depositional bars maintain bare or herbaceal@minated habitatsHistoric fire regimes in floodplains

are highly dependent on the surrounding forestland community and could have a nearly annual return
interval to an oer 1,0008 S+ NJ NBGdzNYy Ay iSNBIFf 6[ ! b5CLW9 HAATOD a
floodplain communities can be fourigere in the Virginia Department of Conservation and Recreation

(DCR) Natural Communities of Virginia Classificatidtological Groups and Community Types in

Palustrine Systems.

RiparianFloodplain- Hardware River WMA

Conversion to developed lands and associated habitat fragmentation remain the greatest threat to
riverine floodplain habitatd_evees separate rivers from their floodplains and inhibit their ability to
attenuate water during floodswvhich reduces the health and function of floodplain ecosystem. Dams
block the natural flow of sediment and nutrients to downstream areas and impede natural fish and
wildlife movement.Other threats include changes in flood frequency and intensity in rapidly developing
watersheds stormwater, agricultural, and industrial pollutants, intensive silvicultural practices,
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conversion to open water through damming, and the colonization of aggressive invasive species.
Changing environmental conditions aeepected to cause more frequent and severe storms and
droughts, which will increase the risk of severe flooding. The averaggeidloodplain is projected to
increase by 45% by the year 2100. Changes in the timing and extent of hydrologic inputs affects
biogeochemical processes and negatively impacts habitat and water quality services.

Floods are the most common and costly natural disaster. Development within floodplains is now
federally regulated by the Federal Emergency Management Agency (FEMA). The DCR Virginia Floodplain
Management Program and local jurisdictions pose further regarieind oversite over development in
floodplains. Although these regulations do protect some floodplain habitats, many were created to
establish guidelines to enable development within floodplains. The federal government does encourage
states and local g@rnments to [44 CFR 10.1(d)] and
rewards theseahigher standardsthrough premium discounts for locality participation in the voluntary
(CRS). The CRS incentivizes smart floodplain management,
preservation of open space, and retention or restoration of natural floodplain functions. Twsenty
communities in Virginia participate in the CRS. Other conservation actions include reconneetingss
to floodplains through stream restoration or enhancement, maintaining and planting forested buffer
zones around streams, removing unnecessary dams, and limiting upstream point apdinbeource
pollution through regulation and incentive programs.

Riparian buffers are critical for the conservation of many aquatic species. In general, it is recommended
that a buffer of at least 100 feet on both sides of all intermittent or perennial streams, a buffer of at

least 200 feet on both sides of all pereaniributaries to waters known to support listed aquatic

species, and a buffer of at least 3@eifon both sides of waters known to support listed aquatic species

be maintained to sustain water qualjtprovide wildlife habitat, and ensure the stabilititbe stream

structure and function(Hawes, et. al2009

Shorelines
Ruth BoettcherVirginia Department of Wildlife Resources

The Shorelines habitat fone Northeast includes shorelines on lakes and ponds, estuaries and the
marine nearshore but excludes Beaches and Dunes; WAl Wetlands, Tidal Wetlands and Flats. These
Shorelines tend to be rocky throughout most of the Northeast United States hutradkide intertidal
bedrock or rocky shores of estuaries or the Atlantic Ocean, maritime bluffs and headlands, peat
outcrops in tidal zones or lakeshores without beachiggese habitats are often utilized by wading birds
and small sandpipers and can ofteuffer from winddriven and wakecreated erosion.
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Shoreline- Ragged Islnd WMA

Beaches & Dunes
Ruth BoettcherVirginia Department of Wildlife Resources

Virginia has 8,916 miles of tidal shorelines that abut sandy beaches and marshes, of which 7,858 miles
are natural or unmodified and 1,058 miles are atrtificially defended by bulkheads, revetments,
breakwaters or living shoreling¥ ACoastalResourcesTodeaches are comprised of unconsolidated

IBeaches and DunegFirst Landing SP  Photo Credit: Virginia Tourism Corp.

sandy material that is exposed to the forces of erosion, sediment transport and deposition that extends
from the low water line landward to a physiographic feature such as a dune, bluff, or marsh, or to the
effective limit of storm waves, or the nearestpegrmeable human structure, such as a bulkhead,
revetment, or paved road (CCRM, VIM890
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beaches) and within the Chesapeake Bay estuary (hereafter referred to as inshore beaches). They

perform a host of ecological services that benefit lifidg adjacent ecosystems and human interests.
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Carolina/Virgina border to the Joint Expeditionary Beeet Story. The beaches under the ownership

and management of th€ity of Virginia Beach support extensive commercial and residential

development whereas the beaches on Back Bay National Wildlife Refuge and False Cape State Park are
under conservation ownership. A small portion (< 5 miles) of the southeastern offshacbdsis under
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transgressive barrier islands located on the seaward fringe of the lower Delmarva Peninsula. These

islands are largely owned and managed by The Na@areservancy Volgenau Virginia Coast Reserve,

the USFWS, the Commonwealth of Virginia, and the National Atmospheric and Space Administration

(NASA). Only NA®Avned Wallops Island has significant infrastructure on the beach; the remaining
islandsareunddSf 2 LJSR YR YFAYyGFrAYSR Fa ylaGdz2NItte TFdzyOilA:
are found throughout the Chesapeake Bay Estuary and are under the ownership of the USFWS, the
Commonwealth of Virginia, negovernmental conservation organizations, meipalities, the US

military, private citizens and commercial businesses. Within the Chesapeake Bay, concentrated beaches
occur around isolated Bay islands, along barriers within the lower Western Shore, around the mouths of

large tributaries where the longhore transport of sand is disrupted, and along the outer edges of

extensive marshes. Although not as extensive as along the outer Atlantic Coast, dune systems do occur
within the Chesapeake where historic or current wave and wind energies are high @UVaRs

Virgina is the northern extent of the US Atlanfimast loggerhead sea turtle nesting range, and the

42dzi KSFaldSNYy 2FFaK2NB 060SFOKSa O2ydAydzS G2 &dzLlLl2 NI
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beachegseeAppendix 5.The southeastern offshore beaches also provide nesting habitat for a small
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support any breethg shorebirds or seabirds, the intertidal and supratidal habitats do provide foraging

and roosting habitats for several SGCN during thelmaeding season, including common terns, least

terns, laughing gulls, herring gulls, red knots, dunlin, pipinggpowanderlings, bladbellied plovers

and willets.
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oystercatchersgull-billed terns, common terns, least terns and black skimmers. These nestimg

species rely on natural coastal processes to form and maintain expansive sand/shell flats on which to
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populations occur on these dynamic barrier beaches. They typically select nesting areas with unimpeded
access to backside mudflats where young brocals forage on a variety of invertebrates. Low sparsely

vegetated dunes provide additional breeding habitat for American oystercatchers, common terns, gull

billed terns and an occasional piping plover. Low densely vegetated dunes provide breeding bebitat f

two additional SGCN; herring gulls and laughing gulls. While laughing gulls are generally considered a
marshnesting species, subsidence and frequent flooding of saltmarshes have forced them to seek
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higherelevation nesting areas on the barrier beaches. Lastly, all barrier island beaches provide
important nesting habitat for diamondback terrapins and a few islands have documented an occasional
loggerhead sea turtle nest. Assateague is the only iskrete loggerheads nest almost every year

Barrier island supratidal habitats (areas above mean-higter) are important norbreeding roosting

sites for the following SGCN: black skimmers, common terns, red knots, dunlin, piping plovers, American
oystercatchers, sanderlings, blakllied ploversillets (western race) and marbled godwits. Finally,

barrier island shorelines and intertidal zones provide critical foraging habitat for breeding, migrating and
wintering SGCN, including the red knot, dunlin, piping plover, American oystercatcher,|sedeack

bellied plover, willet (western race) and marbled godwit.
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as the barrier island offshore beaches. BeaeBting American oystercatchers, common terns, least

terns, black skimmers, and herring gulls are knowhraed on inshore beaches along with

diamondback terrapins and, on very rare occasions, loggerhead sea turtles. Inshore intertidal shorelines,
supratidal beach habitats and artificial structuresy(,groins and seawalls) are important foraging and

roosting sites for several SGCN during the-boeeding season, including purple sandpipers,

sanderlings, red knots, dunlin, willets (western race), biackt f A SR LI 2 3SNAR X C2NAUSND
and laughing gulls.

Riverine Overview
Louise Finger; John Odenkirk; Tim Owen; Margi Whitmore; Jason Hallacher; Brad Fink; and Kristen
ChestnutFaull, Virginia Department of Wildlife Resources

The Commonwealth of Virginia includes a range of physiographic regions from the Appalachian Plateau
in the far southwest, through the Valley and Ridge, over the Blue Ridge Mountains, across the Piedmont,
and into the Coastal Plain that meets the Chesapé&skeand the Atlantic Ocean. These physiographic
regions contain freshwater systems that range from narrow, steep, mountain streams to more sinuous,
moderatesize channels with flatter valleys to larger rivers with expansive floodplains. The habitat
conditions that occur in these various stream types are driven by the elevation, topography, geology,
surrounding land use, vegetative cover, and point and-poimt inputs to the water body from a variety

of sources. For example, habitat characteristics astatiaith geomorphology, chemistry, and physical
conditions that may be present in a headwater stream in the Allegheny Plateau of westernmost Virginia
will likely differ significantly from the characteristics of a headwater stream in the Piedmont region.
Though these streams may fall into the same strearder category as delineated in this planning
document and have multiple overlapping habitat characteristics, recognizing their inherent differences is
crucial to understanding the ecological systems andigethat they support, and the actions that are
necessary to conserve, protect, or restore them.

While recognizing this extensive variability across the Commonwealth, this portion of the Wildlife Action

Plan describes in very general terms the habitat conditions likely to be present within the waterbodies as
broken out by stream order and tidal versusn-tidal influence. Although this categorization can be

useful for planning purposes on a general scale, it is important, if not critical, to recognize that an overly
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generalized description of aquatic resources has drawbacks and limitations. The following categorical
descriptions of freshwater habitat should be viewed in this context as such. When making decisions
about protection, enhancement, or restoration of fresht@r systems, the specifics of any given

B Freshwater
I Tidal Near-shore
I offshore Marine

Figure3.7.Fresh and Saltwater in Virginia

waterway needo be fully examined and considered. Habitat variability in nature is extensive, and it is
valuable to recognize this when considering management objectives and associated actions.

Programs that offer assistance in implementation of conservation practices for freshwater systems
overlap in many cases for the below habitat types, whereas others have vespsitdic focus. The
gualification requirements of such programs tend to lzséd on either past or current lange (e.g.,

mining, agriculture, or urban development), the presence or absence of a particular species or aquatic
community (e.g.easternbrooktrout (Salvelinus fontinal)scandydarter (Etheostoma osburhior James
spinymusselRarvaspina collina or the receiving stream or waterbody (e.g., the Chesapeake Bay or an
impaired stream with adtal Maximum Dajf Loadplan. Nonrgovernmental agencies and local, state,

and federal government agencies provide a range of funding opportunities and techgasistance

programs tofacilitate conservation actions across Virginia. For example, the Chesapeake Bay Foundation
supports BMP implementation in the Bay watershed; local governments assist with implementation of
urbanstormwater BMPs; Virginia DOF supports a ripabiafier eagment program; Virginia DEQ
coordinates the Coastal Zone Management Program; NRCS has a multitude of programs that address
agricultural practices to protect water quality; Virginia DWR, the Chesapeake Bay Program, USFWS, and
NOAA all have programs thatpport fishpassage and other aquattonnectivity effortsincluding

barrier removal, aquatiorganism passage construction, and readssing retrofits. Additionally, many
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in their respective watershedsDepending on the particular watershed, lamgk, species present, and a
variety of other factors, there are likely to be opportunities available for technical assistance and/or
funding to implemat conservation practices on any given waterway. The best initial step to obtaining
such information is to seek contact information online for these-gomernmental, local, state, or
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federal government organizations, based on proximity to the site, species present, or on the nature of
the issue or the landse.

Headwater Streams

Headwater Stream Rapida WMA

Headwater streams in Virginia are diverse in both physical and chemical attributes depending on the
geographic region (mountain, valley, or Piedmont) from which they originate. These diverse habitat

features lead to various communities of aquatic spedigs | & Ay KI 0 A G *ANBAAYAl Qa KSI
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to headwater streams often inhabited by coldwater to coolwater species. These streams originate at

higher elevations as freestone streams with highly erosasistant geologie@including granite, quartz,

and greenstonedn the Blue Ridge and sedimentary sandstone for the Appalachian Plateau and ridges of

the Ridge and Valley. Streams are confined laterally by steep, narrow valleys and dissifgpte ener
longitudinally resulting in staistep plunge pools intermixed with short rapids and runs. Large, course
substrates of boulder, cobble, gravel, bedrock are dominant with some finer sediments-uelogity

areas. Gradient is typically steeper thangnother lotic systems in Virginia ranging from 2% to 5% but

can exceed 10% in some instances. Summertime water temperatures range from cold (<20°C) to

moderate (>20°C to <24°C). The lack of carbonate rocks results in rpmentiow-conductivity wate

(i.e. soft water), low buffering ability, and a pH that is slightly acidic. Because sunlight is limited due to

the heavily forested canopy, the base of the food web in headwater streams is allochthonous input from

plant material (i.e. leaves and woodglaris). Many of the headwaters in the mountains of Virginia are

located on federal and state lands where conservation practices are likely to be implemteeore,

most have healthy canopy cover and riparian areas. However, some headwater strediasrea

private lands may be exposed to practices that could be detrimental to stream processes and aquatic
organisms.

Headwater mountain streams contain species that are specifically adapted to this type of environment.
Because headwaters are highly dynamic systems prone to catastrophic disturbances, species inhabiting
them are excellent at recolonizing habitats compatednany lowland species. For instance, the

fusiform shape and behavior of tleasternbrook trout (Salvelinus fontinaljsallows it to negotiate

upstream over small cascades and falls to reach unoccupied stream reaches. The winged adult stage of
many aquatic insects can fly to new upstream reaches regardless of barriers. Because headwaters are
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low-productivity systems, species are especially adapted to survive eguality and lowquantity food
items, which is accomplished by having slower metabolisms and smaller sizes than lowland species.
Colder water conditions throughout the year contrtbuo this metabolic state.

Two main sources of pollution, point and nonpoint, occur in Virginia. Bountce pollution originates at

a known, specific locatiqisuch as an outlet pipe entering a stream. In contrast-poimt source

pollution can originate from disperse locations across the landseéagleding stormwater from roads,
sediment from logging or development, and nutrients from livestock farming. While headwater streams
can be altered by both of these, nguoint source pollution is more common and can usually be

attributed to landuse practices. Without the effective implementationBi¥1Ps logging and road
development can significantly alter stream habitat and, in turn, impact aqoeg@nism populations.
Although recent research has indicated a potential slight improvement, acid deposition from industrial
sources 05Q and NOX emissiomm mountain headwaters streams continues to be a concern. Mining
occurs around headwater streamssdouthwest Virginiawhich may cause elevated selenium levels in
some fish species. High selenium levels can lead to spine, fin, and skeletal deformities during early life
stages of fish.

Many valley headwater streams originate frgroundwater sources such as springs and seeps. In
contrast to montane streams, valley streams have high levels of carbonate from sedimentary limestone
and dolomite geologies. Coldwater species can only occur for short distances in these streams before
conditions transition to suit warmwater species. By not being confined to steep valley walls, these
streams are able to meander laterally and can overflow into their adjoining floodplains. The result
allows for a variety of habitatincluding deep, wid@ools; long riffles; and shallow runs. Gradient is
usually lower (0.5% to 2%) and velocities slower than mountain headwater streams. Summertime water
temperatures range from coldwater (10°C) at the spring mouth to warmer (25°C) downstream. The
increasel concentration of anions from carbonate rocks results in water chemistry consisting of high pH,
high conductivity (i.e. hard water), and high buffering ability. These conditions lead to streams with high
productivity and nutrient levels, which support@adant population of aquatic species. Compared to
mountain streams, finer substrates of sand, gravel and cobble can be dominant in valley streams.
Composition of these substrates are dependent upon the surrounding geologies and sources washed
down from rearby streams. In areas with lange disturbance, fines of silt and clay may cover courser
substrate.

The geographic range known as the Piedmont is the largest physiographic province in Virginia and
contains headwater streams and smaller tributaries that feed larger rivers. These streams are mainly
moderate to low gradient, slow velocity with cobble, ggg\and sanedominated substrate.

Summertime temperatures in Piedmont streams usually range from 25°C to 35°C. Due to the geology,
Piedmont headwater streams are typically neutral to slightly basic.

Valley and Piedmont streams face potential impacts from both psmotrce and nonpoirsource
pollution including imperviousurface and agricultural runoff and industrial municipatwastewater
discharges. These sources of pollution drive change®iohibmistry, hydrology, sediment, and biota in
the receiving stream. Additional habitat impacts include lasd practices such as removal of riparian
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vegetation and canopy cover that can result in increased chameglsedimentation, increased

turbidity, and warmer stream temperatures. All headwater streams are vulnerable taatve floral

and faunal invasive species, ripartaabitat degradation, and loss of connectivity due to dams and road
crossings.

Potential conservation actions to benefit headwater streams include protection of springs
establishment and enhancement of riparian buffamsplementation of BMPs for logging, agriculture,
and other landdisturbance activitieanitigation of acidmine drainage or acidification from atmospheric
deposition through limingand replacement of roadrossing barriers with structures that provide full
aguaticorganism passage.

Creeks & Rivers

TheValley andPiedmont creeks and smaller rivers serve as an important transitional zone connecting

the forested headwaters of the Commonwealth to the larger rivers flowing towards the coast. These
often-overlooked resources are far from inconsequential as they aredpélaries that carry the

lifeblood for the larger rivers, coastal areas, and the Chesapeake Bay. These waterways are used for
recreational and commercial angling, paddle sports and boating, and water withdrawal, and are home to
a myriad of flora and fauna
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Commonwealth, flowing through urban, suburban, rural, and wilderness areas. These gently sloped,
lotic systems mainly consist of slemoving, deep pool sections coupledthvfasterflowing, shallow

riffles and runs. Adjacent terrestrial habitats range from heavily forested, toline€, to none.

Substrate can include sand, silt, clay, gravel, cobble, boulder, and bednatthe amount of siltation

over the substrate aabe heavily influenced by surrounding land use. Creeks typically exhibit average
levels of dissolved oxygen that rise and fall with habitat changes such as turbulence in shallow riffles or
at varying water depths within pools. Turbidity can range fronyadear to very turbid depending on

land use and substrate type. Temperatures range froal3@0C in the summer months. Submerged
aguatic vegetation growth also increases within these resources in comparison to the headwater
streams. Native species liketer stargrass feteranthera dubia)wild celery (Vallisneria americana

and Americawater-willow (Justicia americarfaamong others, are common across the

Commonwealth.

As water temperature increases, so too does the diversity of aquatic fauna. Unlike the headwater
streams, which typically harbor only a small number of fish species, the creeks and smaller rivers harbor
a variety of minnow, sucker, sunfish, and catfishcdpe Unfortunately, anthropogenic threats to these
waterways increase within these reaches as well. Streaannel and ripariaizone manipulations such

as straightening, tile draining, and or livestock grazing/access often cause unnatural flow regimes,
thermal stress, sedimentation, increased nutrient loading, and poor water quality. These changes can
affect the habitat and the biota in a range of ways including shifts in agquegjetation type and

abundance, increased intensity of algal blooms, redugedveing habitat due to embedded gravels,
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altered macroinvertebrat&community composition, and increased levels of disease and/or mortality in
fish communities.

Warmwater streams are heavily impacted by both peartd nonpointpollution sources. Poirsource

pollution include industrialand municipalwastewater discharge. Nonpo#sburce pollution examples

include runoff from urban developmentertainagriculture, and mining practices. Common impacts on
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sedimentation, changes in aquatic vegetation, algal blooms, increased nutrient loads and contaminant

levels, as well as @neased levels of disease in fish communities.
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should include constructing fences to exclude livestock from accessing streams and installing offsite

water sources; riparian area restoration throughimtaining buffer zones and planting native grasses,

forbs, shrubs, and trees; utilizing streambaakd channetestoration practices to return impacted

streams to a more natural state; managing and treating stormwater runoff appropriately; minimizing

fertilizer and pesticide use and application, utilizing erosion control barriers; removing aquatic organism
barriers such as dams and culverts; and limiting and properly mitigating-poumte discharges.

Conserving established riparian areas from degradasgaramount for the future healthaf A NHA YA | Qa
small rivers and streams.

Similar efforts should be implemented for more developed, urban areas of the state; however, these
areas have the additional stressor that results from an increase in impervious surfaces which adds to the
intensity of runoff events. These events resulirioreases in sediment, chemicals from roadways and
parking lots, pesticides and nutrients from lawns and gardens, heavy metals, and thermal pollution
impacting the waterway. Localities should focus on curbing the use of pesticides and fertilizers used on
yards, golf courses, and parks. Efforts should be made to increase water infiltration by reducing the
amount of impervious surface within the watershed. Additional remediation efforts to be considered
include converting to permeablpavement options, creatg stormwaterretention areas, utilizing green
roofs and rain gardens, and reducing the use of road salt. Developers should focus on controlling
constructionsite runoff from entering waterways through the use of silt barriers and retention ponds,
and exising developments should seek out innovative ways to protect, improve and/or restore their
local terrestrial and aquatic habitats.

Big Rivers

Virginia boasts numerous large, ntidal riverine ecosystems supporting diverse mosaics of lotic

habitats throughout several physiographic provinces, each resulting from a unique blend of watershed
attributes, flow regimes, and physical habitat featuneffuencing species assemblages. Chesapeake Bay
drainage rivers (Shenandoah, Rappahannock, James, and Appomattox) share many attributes and
function largely on a regional scale with respect to climactic conditions, flow, and fisheries recruitment
mechanisms. Historically, many of these rivers were used extensively for navigation above the fall line,
and various canal and lock systems were constructed to facilitate that use. Currently, recreational use is
high for motorized and nomotorized watercraft ali&, and some rivers have excellent options for river
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ingress. Recent, significant hydrograph changes, including increased prevalence cbreaiadg

high- and lowflow events have resulted in highly variable recruitment of recreationally and

commercially important fish species. Declines in certain Centrarchid populations (e.g., Rock Bass,
Smallmouth Bass) may be linked to gradual warnténgperaturetrends as well as this flow variability.

Efforts aimed at mitigating previous anthropogenic actions have resulted in the removal of a number of
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James River James River WMA

some the most dramatic habitaltering features; impoundmentsg as efforts are made to restore

riverine connectivity (e.g., Boshers Fishway, James River 1999; Embrey Dam removal, Rappahannock
River 2004). However, flows of many reaches are still coetrtly numerous power plant operations

and their associated #niver structures. Much of the impetus for dam removals has centered on
restoration of spwning habitat for anadromous fish, but most populations have failed to respond thus
far. The benefits of dam removal extend beyond the passage of anadromous fish, though, and include
the restoration of riverine hydrology, sediment transport, and hydig,jlall of which directly impact the
aquatic habitat upon which resident fish and freshwater mussels rely.

Typical substrates west of the Piedmont include bedrock, large boulder, and cobble amidst Class Il and 111
rapids, while many reaches within the Piedmont transition to wider, shallower, and faithmed

channels. Aquatic vegetation, both native and wative, is common and provides habitat for aquatic
species as well as se@muatic and terrestrial organisms using rivers for variousslifgje functions

(e.g., waterfowl! feeding). Nuisance aquatggetation bloomsincluding harmful algal blooms (HABS),

many of which are fueled by cyanobacteria, have become more prevalent in recent years. These blooms
can impact humamandanimal health and often lead to publealth warnings to limit contact with

water. Precursor nutrient enrichment fueling HABs and other deleterious aquatic effects have resulted

in establishment of Total Maximum Daily Load (TMDL) designations by Virginia Department of
Environmental QualityddEQ) in an attempt to reduce negative impacts. Eoslsumption advisories for
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mercury and polychlorinated biphenyls (PCBs) are comiBorerging contaminanisuch as

perflourooctane sulfonic acid (PFOS) and perflourinated alkylated substances (PFAS) that are commonly
used in norstick and stairresistant consumer products, food packaging,-fighting foam, and

industrial processesre causes for concern in large rivers, as bioaccumulation, toxicity, and
environmental effects of these and other, similar substances are poorly understood.

Western mainstem rivers in the Appalachian Plateau and Valley and Ridge Provinces draining the
Tennessee River tributaries of the Clinch, Powell and Holston rivers support many rdisteghd

endemic species. Current impacts and historical legacies of coal mining and natural gas extraction
operations in these watersheds have often left the fauna in peril. In the North Fork Holston River,

industrial pollution from the first half of the 20th nwury decimated the aquatic speciasd resulted in
mercurycoi  YAYF GA2Y YR FAAK O2yadzYLJiAzy I ROAA2NASAD
drainage, water quality conditions have sufficiently improved to conduct restoration effodsiding

species augmentation and reintroduction.

Most mainstem rivers iWirginia flow predominantly through farmland but also receive stormwater

runoff and municipal and industrial effluents from towns and cities along the river valleysteNiamny

treated discharges pose a threat to the aquatic system primarily due to their nutrient content, but
GSYSNBAYy3 O2yidlYAylyiaé &adzOK Ia SyR2ONARYS RA &NHzLI
a significant concern and warrant further research. eélts from streamflow alteration due to water

withdrawals or dam releases cafso significantly impact water resources.

Though direct conservation actions (e.g., stream restoration, bank stabilization) on mainstem rivers can
0S RAFTFAOMzA & 3IAGSY (GKS YI3AyAddzRS 2F GKS aeadsSvyz O
watershed will likely benefit the mainstem. Teeactions includenplementation ofagricultural and

urban BMPs intended to minimize nutrient loading and moderate hydrograph response to storm events.
Similarly, riparian buffer establishment, protection, and enhancement throughout the watershed will
filter nutrients and reduce sedimentatiorRemoval of dams should be pursued whenever feasible to
address impacts that these structures present to aquatiganism passage, hydrology, water

temperature, and habitat.TheVirginiaDepartment of Environmental Quality (with support of DWR

staff) aims to prevent alteration of the instantaneous flow in all rivers, regardless of size, by more than
ten percent. These oegoing efforts are critical to ensure that streamflow alterationsuteg minimal

impacts to agatic life.

Tidal Headwater Streams
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Bay, streams within the Coastal Plain of Virginia often have transitional areas known as the fall zone. It is
within this fall zone that gravitfed sysems lose elevation and become undulating bodies of water that

ebb and flow in conjunction with the tide cycles of the Atlantic Ocean. This natural feature commonly

results in tidal headwater streams that contain distinctive sections, which can be gemtaatiified as

slow backwater swamps; logradient streams; and tidal estuarine waters. While these habitats are

complex individually, and occasionally exist in homogeneity as a singular system, most tidal headwater
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streams are comprised of a longitudinally dynamic network of each of these habitats, resulting in aquatic
ecosystems that are the most ecologically diverse in Virginia
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and are often found in locations that have been dammed by beaver or impounded by anthropogenic
activities. These locations are predominantly stagnant, aanHaracterized by varying levels of tree

cover, and contain several species of submerged aquatic plants. Many of these habitats are found in
locations with silicious geology, resulting in substrates comprised of silt, mud, and detritus with tannic
watersthat are often uniformly shallow in depth, high in acidity, low in conductivity, and very low in
dissolved oxygen. While lethal to most species of fish, maintaining such parameters within tidal
headwater streams is essential to protecting the endemic fighat have adapted the feeding

strategies, habitat needs, and reproductive processes to thrive in this environment.

Dragon Run Photo Credit: Conriapallo
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discharge velocities have substrates comprised of cobble and gravel. As these systems meander and lose

energy, finer suspended particles fall from the watelumn and features such as runs and pools

become dominated by sandy substrates. As the stream moves through these areas, it tumbles over rock
formations, root structures, downed logs, and other important features that elevate dissolved oxygen
levels. While stram temperatures and acidity are often comparable to swampy sections, the elevated
oxygen levels and interstitial spaces in the substrates allows for an entirely different community of
benthic macroinvertebrates to thrive. In response, the fish assembladereic to such environments
possesses trophic, habitat, and reproductive niches that are dependent on the viability of these physical
and chemical parameters.
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and advancing tidal waters. Water chemistry at these locations varies immensely based on the strength
of the tide, the size of the watershed, and ret@necipitation trends occurring upstream. Substrates in
estuarine areas are most often sand, silt, or mud. Because the habitats in this environment can alternate
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from optimal to lethal for a given species multiple times per day, aquatic life within this environment is
often nomadic. Fish assemblages within estuarine areas may have needs associated with saltwater,
brackish, or freshwater requirements, and each maypbesent at different times of the year.
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allowing thousands of species of aquatic animals and plants to survive. Although important distinctions
between microhabitats in this environment ekimany factors are collectively influenced by

anthropogenic activitieg both beneficial and detrimental. Major threats to tidal headwater streams
include deforestation and anthropogenic development. Even if not occurring in close proximity to the
stream it is possible for such activities to alter the natural hydrologic function of an area, exacerbate
sedimentation, increase thermal pollution, and increase psmirce pollutants. An increasingly

common threat to tidal headwater streams is the volumenater utilized in agricultural and municipal

water intake systems, which alters flow patterns and has been documented as entrapping and entraining
significant numbers of atisk fish species. Not unique to tidal headwater streams, ubiquitous impacts

from dhanging environmental conditiongvasive species, and land subsidence also exist. Promoted
activities that may increase the resilience of habitats within tidal headwater streams include conserving
contiguous tracts of undeveloped area, expanding riparian buffers, reducing existingueeat within
floodplains, and preserving the natural heterogeneity of these dynamic habitats. Mitigation activities are
largely unsuccessful in recreating the natural processes of this environment once they are disinibed,
therefore the conservation of what currently exists should be paramount to other alternatives.

Tidal Creeks & Rivers

Meandering throughout the lovelevationCoastalPain of Virginia is a network of tidal creeks and rivers
that serve as an intermediate link between smaller headwater environments and the expansive tidal
ecosystems at their confluence. These dynamic estuarine systems act as a conduit for rhythmically
fluctuating tidal flows which are characterized by an interplay of fresh and saltwater conditions. Aquatic
habitats in tidal creeks and rivers can vary tremendously, agii@conditions often result in thective
channel being at least partially dewatered, while incoming tides regularly produce water levels that spill
out across expansive floodplains, creating diverse aquatic habitats throughout the inundated mosaic of
grasslands, marshes, and forests thatreund them. In these evethanging conditions, aquatic
biodiversity thrives, and the complexity of tidal creeks and rivers provide unique habitats for an array of
plant and animal species which have adapted to persist along with the fluctuating waterstiyem
substrates, and cover types of the environ.

The water chemistry of tidal creeks in Virginia is influenced by natural processes and anthropogenic
sources. As with big tidal rivers, precipitation and tidal cycles are important drivers of water chemistry in
tidal creeks and small rivers. Salinity levidlictuate daily with tide cycle and over longer periods, with
precipitation and freshwater inputs from upstream. Salinity also varies spatially, with creeks lower in the
watershed undergoing higher magnitude fluctuations than those located further ugstre

Land use and habitat distribution within tidal creek suitersheds influence water chemistry on finer
scales. Urban and agricultural runoff alter nutrient loads and may have batmfluences on creek
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productivity. Groundwater seepage and inputs from tidal headwaters naturally influence nutrient loads
and may alter pH, depending on regional differences in geology. Freshwater inputs from precipitation
and runoff increase turbidity, by increasing suspeshdelids and sediment loads. These inputs are
driven in turn by precipitation within the watershed and vary int@nd intraannually. Spatial and
temporal variability in water chemistry plays a significant role in shaping aquatic communities and the
overdl ecological functioning of tidal creeks.

Tidal creeks in Virginia face similar threats as tidal headwaters and large rivers, including development,
pollution, and fish passage barriers. Urbanization is primarily a threat to larger creeks and those
proximate to population centers. Rundfbm nonporous surfaces and discharge from municipal
wastewater treatment plants causes nutrient loading, sedimentation, and temperature incredises

which can decrease habitat quality or suitability for aquatic species. Similarly, agricultural development
increases inputs of fertilizers and pesticides, which directly impact nutrient cycles and productivity.
Placement of riprap, seawalls, andlkhieads to protect industry and private property lead to loss of
habitat, habitat fragmentation, and ultimaly a decrease in resilience to disturbance. Water diversions
for irrigation and industry alter natural hydrology, floodplain dynamics, and temperature regimes.

Barriers to fish passage, such as dams and culverts, are common in tidal creeks. These barriers restrict
migration, limiting spawning habitat availability and thereby hindering recovery efforts for anadromous
species, such as shad and herring. Collabarafforts of federal and state partners have been

successful in removing dams and replacing culverts, increasing habitat connectivity and opening miles of
potential spawning habitat.

Saltwater intrusion from rising sea levels, increased water temperatures, and altered precipitation

patterns caused bghanging environmental conditiog®se a significant, lond SNY G KNBF G G2 A
tidal creeks. Salinity levels may increase in some creeks to the extent that they become unsuitable for
freshwater or estuarine species, regardless of tidal cycle. Water temperature is an important

reproductive cue for many species, includi@@CNuch as Atlantic sturgeon and American shad.

Changingvater temperatures have already altered migration timing for both of these species; further

increases are likely to continue impacting migratory cues and river residence, to unknown effect.

Similarly, changes in the frequency and magnitude of rain events wiéldtrerosion, water quality, and

water chemistry, impacting habitat suitability for aquatic species.
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the Clean Water Act based on connectivity to navigavaters. The U.S. Supreme Court revised this

definition in 2023, removing waterbodies lacking perennial flows. Tidal systems are dynamic by nature

and include countless ephemeral and intermittent creeks and wetlands. Changes in precipitation

patterns pedicted by climatenodelsmay further impact flows and connectivity. Unregulated

development of these areas will compound existing threats, alter hydrology, and greatly reduce

resilience.
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Recommended conservation actions for tidal creeks and rivers are similar to those of tidal headwater
streams, though these habitats are typically less developed than tidal river mainstems. Conserving
undeveloped tracts of land, expanding riparian buffars) preserving wetlands are among the highest
priorities to improve water quality and maintain resilience. New or replacement infrastructure should
incorporate design elements that minimizestream footprints and bare hardscape. Riparian buffers

and livestock exclusion on agricultural lands would limit nutrient and pesticide inputs, reduce the erosion
that necessitates bank stabilization, and create higher quality shoreline habitat for aquatic fauna.
Similarly, increasing riparian buffers on ragriculural lands would reduce erosion and sedimentation

and increase habitat quality. Efforts to remove dams and replace-coagbsing barriers should be a

priority. Waterintake and diversion permits should take letegm flow and climate trends into
consideraion.
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Big Tidal Rivers
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Plain physiographic regions along much of BastCoast. The transition is characterized by a sharp

increase in gradient, caused by differential erosion between the beellookinated Piedmont and the

softer sediments of the Coastal Plain. In Virginia, the Fall Line is marked by series of rapids inghe Jame

River at Richmond and in the Rappahannock River at Fredericksburg, where elevation drops 100 feet o

more over several miles to reach sea level. The York River watershed is relatively small and the

mainstem extends only 50 km inland before branching into the Pamunkey and Mattaponi Rivers. Small
tributaries to the Mattaponi and Pamunkey Rivers crossiak Line further inland and generally lack

the rapids and steep gradients characteristic of other systems.
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Tidal rivers are dynamic systems characterized by wide channels, perennial flows, and a semidiurnal tidal
cycle. Below the Fall Line, tidal rivers cut deeper channels through soft sediments along a low gradient
before widening out. Habitat distribution aibg the tidal river gradient is defined by the interaction

between freshwater inputs from precipitation and upstream sources and saltwater intrusion from the
Chesapeake Bay. A salt front forms where freshwater and saltwater meet, and less dense freshwater
flows on top of a layer of saltwater. Mixing occurs along the salt front and creates a gradient of salinity
zones, transitioning from mesohaline to oligohaline and ultimately to tidal fresh water. The location of
salinity zones differs among rivers, depamglbn position within the Bay watershed, bathymetry, and
channel features. Within each river, salinity zones shift with tidal cycle, precipitation, flow rate, and

wind.

The substrate consists of a complex mix of sediments, rocks, and organic matter. In the lower reaches
where tidal influence is stronger, fine sediments such as silt and clay dominate in the river channel while
sand is found along the shoreline. Coarsereniaits like sand and gravel are more prevalent in the tidal
fresh reaches below the Fall Line. Natural and artificial structures provide essential cover for aquatic
organisms. Downed trees and root wads from riparian forests and large, woody debris flushed
downstream during high flow events create complex habitats along river margins. Underwater structures
such as piers, sunken barges, docks, and channel markers provide structure in a range of depths and
distance from shore. Both natural and artificial stiwre offers flow refugia, cover, and breeding areas

for diverse aquatic communities.

Tidewater habitats are predominantly a mix of emergent and forested wetlands, where they have not
been developed. In tidal fresh and oligohaline reaches, wetlands are common along inside river bends in
shallow coves and sloughs. Arramum (Peltandra virginicg spatterdock Nuphar adveng wild rice

(Zizania aquatich andpickerelweed Pontederia cordatadominate these areas and provide high

quality nursery habitat to aquatic species. In mesohaline zones, wetlands are dominated by a few species
of salttolerant grasses, includirgpltmarshcordgrass $porobolus alterniflorgsblackneedlerush

(Juncus gerardii andsaltmarshbulrush Bolboschoenus maritimpswWide mudflats border the channel

in downstream reaches providing foraging for benthivores and detritivores during high tides and birds
during low tides.

Tidal river habitats in Virginia face a myriad of threats, includoryersion or outrightoss, invasive
species, pollutiongchanging environmental conditionand sedevel rise. The mainstem reaches of the
James, York, and Rappahannagkrs are heavily impacted by industry and commerce, altering the
historic floodplain and flow regimes. Regular dredging operations, river bend cutoffs, and water
diversions to support mining operations and ports have permanently altered the floodplaik. Ba
stabilization protecting homes, factories, energy infrastructure, and parks further restrict natural
hydrological processes. Industrial discharge, water intakes, agricultural runoff, urban stormwater runoff,
and sewage effluents contribute to nutrienhgchment, sedimentation, and contaminant accumulation,
compromising water quality and habitat suitability. Shoreline development, urbanization, and
agricultural lands have reduced floodplain connectivity and encroached on wetland habitats, limiting
resilience to storms and flood events. Invasive species, such as northern snakehead, blue catfish, and
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flathead catfish, along with introduced sportfish, such as largemouth bass, have disrupted tidal systems
by outcompeting and predating on native species.

Recommended conservation actions for large tidal rivers include land conservation, infrastructure
upgrades, and riparian buffers. Land adjacent to the mainstem James, York, and Rappahaarsisk
heavily developed by industry and agriculture but undeveloped tracts have been conserved by tribal,
federal, state, and local government entities. Supporting tribal landback efforts, direct land purchases,
and conservation easements are supportadchanisms for limiting encroaching development. Wetland
conservdion and restoration are especially high priorities, given their rol@éneasing resiliencedn
urbanized areas, upgrades to sewer infrastructure to reduce effluent inputs is a high priority.
Incorporating porous surfaces and living shorelines into hardscape features would offer habitat
improvements where bank stabilizatimannotbe avoided. Riparian buffers and livestock exclusion on
agricultural lands would limit nutrient and pesticide inputs, reduce the erosion that necessitates bank
stabilization, ad create higher quality shoreline habitat for aquatic fauna. Similarly, increasing riparian
buffers on noragricultural lands would reduce erosion and sedimentation and increase habitat quality.
Water intake and diversion permits should take lergm flow and climate trends into consideration.
Virginia is a hub for developing data centers, which require high energy inputs to maintain servers and
water intakes for cooling purposes. Data centers are currently considered one of the top water
consuming industes, and development within tidal watersheds is slated to increase over the next
several years. Invasispecies control efforts, including commercial fishery development and angler
outreach, should continue with the goal of reducing impacts to nativeisge

Lakes
Clint Morgeson and Jeff Williams, Virginia Department of Wildlife Resources

Virginia has only two natural lakes, Lake Drummontiéncities ofSuffolk and Chesapeake and

Mountain Lake in Giles County, with the rest of the impoundments within the Commonwealth
originating from anthropogenic activities. The two lakes share very few geophysical similarities and are
located on opposing ends of the Comanwealth.

Located within the 113,008cre Great Dismal Swamp National Wildlife Refuge, Lake Drummond is a
large open body of water (3,142 acres) and is relatively shallow, at maximum six feet in depth. Roughly
circular in shape, Lake Drummond is fed by surroundiagshes and swamps and is acidic; the leaching
processes from organic matter give its waters a characteristic stained (blackwater) appearance.
Historically, the forested wetland covered more than a million acres in southeastern Virginia and
northeastern Noth Carolina. The area was drained and cleared after European colonization for
agricultural land and timber production. Attempts to drain Lake Drummond and turn it into agricultural
land by the George Washingtdracked Dismal Swamp Company were abandonéaerarly 1800s,

but timbering operations continued into the 1950s. Drainage canals connect Lake Drummond to the
Elizabeth River to the north and the Pasquotank River to the south. The Great Dismal Swamp National
Wildlife Refuge was established in 197dnfrpurchased lands and a nearly 50,&@0e land donation

from The Nature Conservancy.

77



Currently, the water level is controlled by theSUArmy Corps of Engineers via a lock and system of
water control structures in the draining canals/ditches. The lake and suringsdiamp are intensively

and cooperatively managed by theSJFish and Wildlife Service along with the Army Corps of Engineers.
Much of the substrate is characterized by thick peat deposits, which are vulnerable to fire if not kept
saturated. Since Lake Drummond supplies the water levels for the Dismal Swampegaasdive
dewatering of the lake must be prevented to maintain stable ecological conditions. No streams directly
supply the lake as it is sustained by precipitation inputs from the surrounding swamp.

The ecology of Lake Drummond and the surrounding Great Dismal Swamp has been significantly altered
due to the construction of drainage canals, the Great Dismal Swamp Canal connecting the Chesapeake
Bay to the Albemarle Sound, and extensive deforestatidnistbric Bald Cypress and Atlantic White

Cedar stands. Further, unmanaged fires have depleted the peat bank and hastened the conversion of
surrounding forests to gum/mapldominated canopies. This succession alters surface water patterns

and creates morelry-land habitats within the ecosystem.

Lake Drummond, Great Dismal Swamp NWR

Future threats to Lake Drummond include increasing stochastic climatic events that impact water levels,
invasive species infiltration, and watershed development. The lake is largely protected from watershed
development, being surrounded by the Great Dis@abmp National Wildlife Refuge, which also largely
O2YLINR&aSa (GKS fF1SQa ftAYAGSR 61 SNAEKSR® | 245SPISNE
levels and watershed sediment saturation to preserve the unique geophysical characteristics of the area.

Within the watershed, advanced rates of succession have been established due to the extensive logging
of the Great Dismal Swamp. Future conservation actions to correct or mitigate these impacts might
include water level manipulation, mechanical removalaté-stage species, and restoration of the

historic timber standsparticularly with Atlantic White Cedar and Bald Cypress

Located near the Town of Pembroke, Mountain Lakkeasother ofonly two natural lakes found in
Virginia and is the only natural lake located in the unglaciated southern Appalachian Highlands. The lake
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Mountain Lake, Giles ounty, VA

rests near the summit of Salt Pond Mountain at an elevation of almost 1,800 meters. Estimated to be
around 6,000 years old, Mountain Lake has a history of severe lake level fluctuations, and the origin of
the lake has been the subject of much investigyti® ¢tKS SINIASAl KeLRIKSara 2
the 1930s and pointed to damming of the valley by a lateral landslide. This hypothesis was later
modified in the mid1970s to suggest that a vertical collapse of a canyon feature in one of the

underying geologic formations was more likely the cause. The presence of a crevice, likely a fault,
located in the deepest part of the lake has also been pointed to as a potential area of seepage and water
loss. Most recently, during a period when the laka&s almost completely drained, four sinkhdiles
depressions were observed. These areas had piping holes at their bottoms and sides and subsequent
investigations suggested that the piping of lake sediment was the primary mechanism responsible for
lake level fluctuations.

Mountain Lake was full for much of the twentieth century but had completely drieldyuge fall of

2008. From 2008 to 2020, the lake was only partially filled with water. SincetB@28ke has refilled

to about onethird of its normal volume. The last such period of drastic fluctuations is believed to have
occurred between 1751 and 180dased on historical accounts of widely varying lake size. Researchers
now believe thathereis a natural cycle to the lake levels in Mountain Lake with extreme lows occurring
about every 400 years.

When full the small, narrow lake covers only about 50 acres and has a maximum depth of
approximately 33 meters at the north end of the lake. This deepest point consists mainly of the
aforementioned crevice. The remainder of the northern end of lake measures aBaueters in

depth. The Mountain Lake watershed is relatively smadlasuring just 321 acres. The lake is fed by

cold, underground springs causing the water temperature to typically stay below 21°C at the surface and
8° C at a depth of 15 mets.

The forest surrounding Mountain Lake consists primarily of a mix of upland hardysamifsas oak and
maple and shows little evidence of harvéstthe past seven decades. The only development that has
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occurred within the Mountain Lake watershed is the privat@lyned Mountain Lake Lodge. The hotel

was initially built in 1856 to provide lodging for visitors to the lake. The original wooden structure was
replaced in 1938 by the current stone structuvehich utilized stone native to the area. Since 1989, the
Mountain Lake Conservancy has worked to manage and protect the 2,600 acres of property around the
lake.

Ponds
Susan Watson, Virginia Department of Wildlife Resources
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vernal poolsare habitat to many obligate and facultative wetland SGEBbhds arelynamic habitats

with fluctuationsof water leveldepending upon weather conditions and changing climate. There may

also be extreme fluctuations influenced by either natural events or human actions.

Vernal pools are isolated depressions on the landscape that fill with water during fall and winter months
and dry or significantly decrease in water level during warmer months due to changes in the seasonal
rates of precipitation, evaporation, and transgtion. They may be influenced by natural or human
activities. In Virginia, vernal pools usually occur within or in the edge of a forested habitat, and they can
range in size from just several inches across to a few acres. More detailed descriptidves foayd

Virginia Vernal Poolndin the Field Guide to the Animals of Vernal Pools

The importance of vernal pools to many species that use them to breed, such as Ambystoma

salamanders, is that the fluctuations in water annually and the usual lack of connection to flowing water
systems prevent predatory fish from inhabiting these epherhbebitats. Ambystoma salamanders

(e.g, mole salamanders) are not adapted to coexist with predatory fish that would feed upon their eggs

and larvae. Another important characteristic needed for Ambystoma salamanders is a surrounding
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as isolated wetlands above minimal ecological value, according to the Virginia Department of
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the conditions in the definition, and some pools also meet some of the other conditions listed.

Vernal pools exist throughout the Commonwealth, with variations in landscape and associated species.
Since most vernal pools are quite small (many less thhacres), they often do not show owetland
inventory maps, and information on historic presence is lacking. Virginia Commonwealth University
studied a sample of vernal poalscorded in the greater Richmond area during the 1980s that showed
approximately half of them were found to still exist during a rediscovery effort in 2010 to 2012. Among
the other half of the pools recorded in the 1980s, about half of those were fooie tost to

development or other land use, while the other half simply could not be determined by the past data
provided.

Some variations of vernal pools that are used by SGCN species, such astigastsaiamanders and
Easterrchickenturtles, include sinkhole and interdunal pool/pond complexes. There are just a few
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examples of these known in Virginia, in parts of the Valley and Ridge, the Blue Ridge Mountains, and the
Coastal Plain. These are usually relatively deeper and larger than most vernal pools.

All vernal pools may be threatened with destruction/degradation due to development, land use (such as
logging), depending on the methods and management of the activityclaadging environmental

conditions Best management practices that include certain buffers to the pool site and select cut
timbering of the surrounding forest may help conserve this habitat and its associated spegesd A
summary about vernal pools, threats, and conservatias been developed by th&ppalachian Trail
ConservancyAdditionally, Partners in Amphibian and Reptile Conservation (PARC\aglsiag group

to address vernal pool conservation

Ponds created by damming flowing waterways, with dams constructdsbayers Castor canadensis

or by humans, are another aquatic habitat type in Virginia. Fish species, solelslazandedsunfish,

redfin pickerel, andswampfish, are adapted to very low flowing, dastained water found in eastern
Virginia. These ponds may be forested or open but are often partially forested and partially open. The
pond itself often provides a more open area in the long run, as thoss tnet adapted to surviving in
standing water will die off. These wetland meadows that are comprised of emergent and submergent
vegetation are beneficial to many SGCN species, inclgdiogth greensnakewoodturtle, andspotted
turtle. Beaveponds occur throughout Virginia and support a variety of SGCN that either permanently
or seasonally use these habitats. Hunrtaeated ponds, such as dams for mill ponds and farm ponds,
can act as a surrogate for natural habitats. However, it is not uncommon for Wateesto be stocked
with predatory gamefish and only managed for angling, which can be incompatible for many SGCN.

Threats to beaver ponds and similar habitat types include removal of dams and of beavers inhabiting the
area. There are also threats to the water quality and associated habitats due to development and
incompatible land use practices. While many pondsimreral areas, there are sites close to expanding
roadways and related development. Unfortunately, roads and highways constructed adjacent to these
habitats become death traps for wildlife transitioning or migrating between wetlands and upland areas.
Introduction of grass carp is another threat to the emergent and submergent vegetation in these
habitats, which are needed for the native fish species to thrive. Nonnative plants (i.e. hydrilla) can cause
negative impacts by outcompeting native aquatic vegjen.

Maintaining beaver ponds is beneficial to many other species. Ponds decrease the amounts of nutrients
and reduce sedimentation thereby helping to improve water quality for aquatic species inhabiting
downstream reaches (Kroes & Bason, 2015) and (Betsaln 2017). Additionally, beaver dams have

shown to increase groundwater levels (Feiner & Lowry 2015) and aid in the formation and persistence of
wetlands during low and high flow periods (Westbrook et al. 2006).

Non-Tidal Wetlands
Ben Sagara, Virginia Department of Wildlife Resources

Historically, Virginia is estimated to have had just under 1.9 million acres of wetland habitats spread
I ONR A& G(KS &01G8® C2ft26Ay3 O2t2yAlt asditdysyids
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Wetlands

I NMon-tidal Forested wetland
Non-tidal Herbaceous Wetland
Tidal Forested Wetland

|| Tidal Marsh

Figure 3.8. Wetland Habitats in Virginia

drained or filled in to support agriculture, silviculture, and developm&hiswidespread landscape
alteration led to severe flooding and poor water quality in many Virgimgxs and bays. Several federal
and state policies were enacted beginning in the 1970s, including the Clean Water Act and the Virginia
Tidal and No#tidal Wetland Acts, which now protect most wetlands from detrimental impacts. Virginia
is now estimated tsupport only 1.07 million acres of wetland habitats, with approximately 71% located
in the Coastal Plain, 20% in the Piedmont, and 9% in the mountainous physiographic provinces. Nearly
TE: 2F ANBAYALF Qa gtial frebhyidted wetlaNdYDaRl 3990, VireRand-Fin y 2 Y
1986).
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Nontidal wetlands cover a diverse array of habitat types including swamps, bottomland forests, wet
meadows, marshes, bogs, fens, pocosin, seepages, spangbshrub thickets, impoundments, vernal
pools, and much more. These wetlands are inundated or saturated with freshwater during the growing
season long enough to influence soil characteristics and develop distinct vegetative communities.
Wetland hydrolog is received from either surface water (precipitation, snowmelt, riverine floodwaters)
or groundwater (seeps, springs, high groundwater table) inputs, and wetlands can be inundated with
water all year (e.gportions of Coastal Plain Depression Swaanp$Ponds) or may only have saturated
soils for several weeks in the early growing season, @gie NorRiverine Flatwoods and Swamps).
Nontidal wetlands provide vital fish and wildlife habitat for a great quantity of species, incld88of

+ A NH 3GCN I THede wetlands trap and store excess sediments and nutrients which is critical to the
health ofVirginiastreams and waterways, including the Chesapeake Bay. Wetlands can also attenuate
floodwaters, provide erosion control, stabilize local water tabkerve as an important storage
component in the global carbon cycle, and provide endless educational and recreational opportunities.

Inland nontidal freshwater wetlands, also referred to as palustrine wetlands, are distributed all across
the landscape, and vary widely in structure, function, and vegetative composition with changes in
hydrology, landscape position, geomorphology, smihposition, underlying geology, climate, and

historic disturbance regime. Palustrine wetlands are often broadly defined by their canopy cover as
either forested, scrutshrub, or emergent. Although they are generally found along riverine bottoms

and in othe low-lying areas, some flat and concave landscape features at higher elevation can perch
water and maintain wetland habitats like Appalachian Bogs and Piedmont Upland Depression Swamps.
a2NB AYyF2NXIGAZ2Y 2y +ANHAYALl Q&anydfaundihe Virdidlat dza G4 NR y' S
Department of Conservation and Recreatibflatural Communities of Virginia Classificatidn

Ecological Groups and Community Types for-bilded Wetlands in Palustrine EcosysterBased on L&

Forest Service ANDFIRE Vegetation Modédlse historic fire regime for notidal wetlands has a very

broad range depending on the larger vegetative community they are encompassed within. Historic fire
regimes could occur as often as a nearly annual return interval in eastern woodland mossiis tforan

over 1000year return interval for southern floodplain (rare fire) vegetative communities (LANDFIRE
2007).

Common threats to notidal wetlands include conversion to developed lands through drainage and/or

fill, habitat fragmentation, changes in water level associated with a large increase in impervious services
and stormwater infrastructure in rapidly develogi watersheds, pollution impacts from stormwater and
agricultural runoff, poor silvicultural practices, mowing, conversion to open water through damming,

and colonization of aggressive invasive species. Some coastal inland wetlands are being converted to
tidal wetlands due to rising sea levels, and increases in intense weather events, including severe storms
and droughts, are also impacting wetland hydrology. There are several existing cost share programs,
easement programs, and competitive grant prograrffer@d by nonprofit, local, state, and federal
organizations that support wetland conservation opportunities for both private and public landowners.
Wetland conservation actions include enhanced legal protection through easement or acquisition;
restorationon historically drained or otherwise impacted wetlands by plugging ditches, removing drain
tiles, removing dams and berms, removing legacy sedimestennecting streams to floodplains,

and/or regrading of the landscape where wetlands have been filled in or topographically altered;
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enhancing existing wetlands through cattle exclusion, erosion protection, supplemental native plantings,
maintaining effectively managed impoundments, and invasive species removal; and wetland creation
where new wetlands are constructed from naretland aeas such as impoundments created in uplands

or island creation on subaqueous lands.

Nutrial NB 'y AYONBI &aAy3 K NiBalwetladdd This dpetRs\is/nemati@esandid A R £ |
known to cause widespread damage to important coastal marsh systems through feeding and
excavating activitiefNutria are endemic to South America but have been translocated throughout the
world including the eastern United&®es. Nutria appear to be expanding their range further north and
west, posing a potential threat to valuable wetland systems north of the James River and in river
habitats wesbf the Great Dismal Swamp.

Tidal Wetlands
Ben Sagara, Virginia Department of Wildlife Resources

Historically, Virginia is estimated to have had just under 1.9 million acres of wetland habitats spread
FONRP&da GUKS adlriSe c2tt2eAiy3a O2f2yAlt aSidtSyYSyidz
drained or filled in to support agriculture, sdulture, and development. This widespread landscape

alteration led to severe flooding and poor water quality in many df NH fivgrd dnddays. Several

federal and state policies were enacted beginning in the 1970s, including the Clean Water Awt and t

Virginia Tidal and Netidal Wetland Acts, which now protect most wetlands from detrimental impacts.

Virginia is now estimated to support only 1.07 million acres of wetland habitats, with approximately 71%
located in the Coastal Plain, 20% in the Piedimand 9% in the mountainous physiographic provinces.
bSIFENIe& uwp> 2F xANBAYALIQAa ¢SiflFryRa NS RSTAYSR | &
1986).

Virginia has vast estuarine ecosystems that support a complex network of tidal wetland habitats
throughout the coastal plain physiographic province, including seaside bays, Back Bay, and the
Chesapeake Bay and its major tributaries. This network of tiddhnds serves as critical natural
infrastructure, protecting adjacent uplands from storm surge, flash flooding, and erosion, trapping and
storing excess sediment and nutrient, and serving as an important storage component in the global
carbon cycle. Tidaletlands also provide vital fish and wildlife habitat 80o0f+ A NH 3GCNI Qa

Tidal wetland habitats vary in structure, function, and vegetative composition with changes in landscape
position, geomorphology, soil composition, underlying geology, salinity,itilaénce, climate, and

historic disturbance regime. Tidal wetland communities can broadly be defined by regular (lunar tidal) or
irregular (windtidal) flooding. These systems are further defined by salinity levels (polyhaline to

FNB A& KgLI (S Nligh margh'Sandi'lBvNdvash” ar&used to define distinct habitat types restricted
to high or low elevation areas within the intertidedne (Figure.9). The histac fire regime for tidal

marshes in the southeast is estimated to range from nearly annuap to a 308year firereturn

interval (Frost 1995). Although most tidal wetlands are represented as coastal marshes dominated by
herbaceous vegetation with a scrgiirub fringe along the high elevation edge, tidal wetland habitats

can be represented byrange of forested, shrub, and herbaceous dominated communities. More
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Common threats to tidal wetlands include developmeeliated fill impacts, conversion of native habitat

to invasive species (e,dphragmite$, and pollutant impacts from stormwater and agricultural runoff.

Many tidal marsh systems within Virginia are also experiencing significant change alongside rising sea

levels and more frequent and intense storms. Furthermore, the southern portion ofibsapeake Bay

is experiencing substantial land subsidence, which has caused areas in Virginia to have thediaghest r

of observed relative sea level rise along the Atlantic Coast. There is a very thin range of elevations able

to support tidal marsh vegetathn establishment. Many existing low marshes are under substantial

threat of drowning in the next few decades from rising sea levels, more frequent storm surges, and

prolonged high tides. Natural marsh migration processes can ensure marsh habitats are ptetetym

lost asthef Y RA O LIS OKIy3aSad al NAK YAINIdGA2y 200dz2NA 6 KS
GKAYFRNBEAKE @S3ASGFGAGS O02YYdzyAdGASa O2y @SN G2 aft2g Y
SPSYy KAIKSNI St SGFGA2Yy dzLJ I yR& 06S3IAy (G2 NBIdzZA I NI @
O2YYdzyAllAS&ad | 26 SOSNE YdzOK 2 Ppulatkdaididgvaldpedaso O2 | & 0 | €
natural processes like marsh migration will come into conflict with many existing human uses and

activities (Figur8.9). Thislddzi & +ANBAAY Al Qa (GARFf ¢SdflyR KFEoAGl (&
widespread flooding and #3. There is a heed to protect existing low marsh to ensure existing quality

habitat remains long enough for new quality marsh to establish. There is also a need to identify and

protect areas with future marsh migration potential to ensure Virginia mamstaital marsh habitat

through time.

Three SGCNaltmarshsparrow, easternblackrail, and Americablackduck, are also flagship species for
the Atlantic Coast Joint Venture (ACJV). Where practical, tidal wetland conservation efforts should seek

85


https://www.dcr.virginia.gov/natural-heritage/natural-communities/ncea
https://www.dcr.virginia.gov/natural-heritage/natural-communities/ncea

to enhance habitat for these species, as they occupy a range of coastal marsh habitats that are highly
threatened by sedevel rise and urbanization. Efforts aimed at enhancing habitat for these species
would also benefit a host of other marslependent fsh and wildlife species. Tidal wetland restoration,
enhancement, and protection techniques include living shorelines, dune restoration, berm removal,
runnels, marsh terracing, thin/thick layer placement, back barrier marsh creation, island creation, and
more. There are several existing cost share programs, easement programs, and competitive grant
programs offered by nonprofit, local, state, and federal organizations that support tidal wetland
conservation opportunities for both private and public landowners

Estuaries
Margi Whitmore, Virginia Department of Wildlife Resources

Estuaries are dynamic environments, formed over geologic time scales, where saltwater from the ocean
mixes with freshwater from rivers. This mixing creates a range of salinity zones that are further

influenced by precipitation, wind, and tides. Aquatic aipdirian habitats shift with these

environmental factors along the continuum from the ocean to head of tide, supporting high biodiversity.
+ANBAYALFQa Saddzr NAYS KIoAGFG A& O2YLINRASR 2F (KS
portion of theChesapeake Bay and its tributaries.

Currituck Sound is part of the Mitlantic Embayed Region stretching from southeast Virginia to North

/I P NRPEAYlIQa bSdzaS wWAGSNI® ¢KAa wS3IA2y O2yairada 27F |
Albemarle and Pamlico sounds, separated from the Atlantic Ocean by a narrow, nearly continuous strip

of barrier islands. Formation began within the past 11,700 years with retreating glaciers raising sea level

and flooding coastal valleys. Simultaneously,ititeraction between higkenergy ocean storms and the

sedments of the lowsloping Coastal Plain began forming barrier islands. The deeamy sides of

barrier islands absorb energy from waves, currents, tides, and storms, protecting inland habitats. As a

result, the waters of the Embayed Region are uniforshigllow, supporting abundant wetlands and high
biodiversity.

The waters of Currituck Sound cross the border from northeast North Carolina into southeast Virginia as
two tributaries, the Northwest and North Landing rivers, and Back Bay. The Northwest River stretches
northwest towards the Great Dismal Swamp, gradualining to wetlands. The North Landing River
stretches north, connecting to the Elizabeth River via the Intracoastal Waterway and Great Bridge Lock.
Back Bay is a large embayment dominated by wetlands a@®sforeline and numerous islands. All

three waers were formerly influenced by diurnal lunar tides but are now upstream of tidal influence

due to the closure of barrier island inlets over tinlowever, the shallow depths and levelocity flows
characteristic of these systems form unique widhl marsh habitats. Strong winds from the south and
southeast blow along the length of Currituck Sound, pushing water northward into Back Bay and the two
rivers. Winddriven currents cause water level variations of up to three feet and irregular salinity
regimesi KI 4 Ff dzOlGdzZ GS FNBY FTNBaKgl GSNI G2 oNIFOlAaAKSD !
freshwater and brackish species, supporting diverse wildlife communities and providing critical habitat
for migrating waterfowl, shorebirds and wading birds.
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Westmoreland SP Photo Credit: VDCR/VSP

The Chesapeake Bay is the largest estuary in the United States and lies within the borders of Virginia and
Maryland. The Bay first began to form 35 million years ago when a bolide collided with the continental
shelf, near present day Cape Charles, creaiogater over 50 miles wide. Sea level was much higher

during this periodLJdza KAy 3 +*ANBAYAlI Qa O2F a0t AyS TFdzNHIKSNI Ayt Iy
D.C. While the bolide did not create the Chesapeake Bay, it determined where it would ultimately form

as sea levels changed. Approximately 18,000 years ago, massivedteiwered the continent,

reaching as far south as Pennsylvania. With so much water trapped in glaciers, sea level dropped 600
feet lower than it is today, exposing the continental shelf and what would become the Chesapeake Bay.
As temperatures warmed, @tier melt formed streams and rivers that cut channels into the landscape,
flowing towards the ocean. What is now the Chesapeake Bay began as the Susquehanna River Valley.
The Susquehanna River is one of the oldest rivers in the world and the longesiriver East Coast,

draining 27,500 square miles. Its headwaters in preskyt Pennsylvania and New York created a

network of streams and rivers funneling glacial meltwater through Maryland and towards thiyitoyv

crater before draining into the ocean.

The impact crater filled in with soft sediments and compacted over time but the geological differences
between the crater and surrounding rock still impact Virginia residents today. Subsidence is a term used
by geologists to describe the gradual sinkingmafund due to shifting underground materials. As the

soft sediments filled in the crater and compacted, subsidence slowly caused the surrounding land to
shift and move towards the crater. Today, this process has been tied to land instability and aquifer
disruption and may be responsible for the high rates of sea level rise near the mouth of the Bay. A more
visible effect of subsidence can be observed in the unique channels of the James arideYark

Whereas the Potomac and Rappahannock Rivers flow steadily southeast into the Bay, the James and
York Rivers have sharp turns to the northeast near their mouths, reaching towards the impact crater.
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This, in turnaffects the hydrology and water chemistry of the estuarine portions of these rivers up to
the Fall Line.

TheRall Line is a significant geological feature that marks the boundary between the Piedmont and
Coastal Plain physiographic regions along much oEtlseCoast. In Virginia, th&all Line runs roughly

from Alexandria through Richmond to Petersburg and is characterized by a drop in elevation, leading to
the formation of rapids. This transition zone delineates the upper limit of estuarine environments (head
of tide) in Bay tributaries anoharks a shift from the shallow, bedredominated rivers of the Piedmont

and the deep, sofbottom streams of the Coastal Plain. The geology ofldine influences the

hydrology, water chemistry, and sediment distribution in the estuary below.

The Chesapeake Bay is characterized by a semidiurnal tidal cycle and fine sediment substrates. Habitat
distribution throughout the Bay and its tributaries is driven by the interaction between freshwater

inputs from rivers and saltwater intrusion from thélaatic Ocean. A salt front forms where freshwater

and saltwater meet, and less dense freshwater flows on top of saltwater. Mixing occurs along the salt
front and creates a gradient of salinity zones, transitioning from polyhaline ocean water to mesphaline
oligohaline, and ultimately to tidal fresh water in Bay tributaries. The location of salinity zones differs
among tributaries, depending on position within the Bay watershed, bathymetry, and channel features.
Within the Bay and its tributaries, salinitgnes can shift with tidal cycle, precipitation, flow rate, and

wind.

Dynamic environmental conditions heavily influence hahitiatribution,and the flora and fauna found
there. In the lower estuary, beaches and coastal wetlands makeagi of the undeveloped shoreline.

In shallow waters, submerged aquatic vegetation provides nursery habitat, refuge, and abundant food
for fish, invertebrates, and birds. Eelgrass beds are important habitats for blue crabs, providing
protection from pred#ors and ample forage. Open water habitats historically supported vast oyster
reefs. Habitat degradation and intense harvest decimated oyster populations but restoration efforts are
working to reverse the trend. Oysters are a keystone speaies establibed reefs not only create

habitat for fish and other invertebrates batsocontribute to improved water quality through filter

feeding. Upper estuary habitats include emergent wetlands, forested wetlands, and mudflats that
provide habitat and forage for abundant and diverse aquatic life.

Virginia's estuaries are complex and dynamic systems shaped by geological features, hydrological
processes, and human development. Estuaries support high biodiversity and provide abundant
ecosystem services. Understanding the interplay between anthropogdengacts, environmental

dynamics, and aquatic communities is crucial to the conservation and sustainable management of these
vital ecosystemsActions addressing point and nonpoint source pollutisedimentation, time of year
restrictions on dredging arngst a few actions thatvould have positive impacts on Virginia estuaries.
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Marine Nearshore
Brendan Runde and Kate Wilke, The Nature Conservancy

Nearshoremarine habitats in Virginia represent an extensive and dynamic group of ecosystems. These

g SNBE AyOfdzRS GKS adzNF T2yS t2y3 zANHAYAIFIQ&a 208
+ A NH EagtérriS0r&, and the lower Chesapeake Bay. In terms of extent, modern coverage of these

habitats is not dissimilar to historical coverage. However, anthropogenic influence and human use of

these systems is evident throughout.

Submerged aquatic vegetation, particularly eelgr&ss{era marin once dominated the substrate in
+ANBAYAIQa O2laidlf olead ¢KAA alSOASa @GANIdzftfte R
combination of disease and the effects of a hurricé@eth and McGlathery, 20)®ut has since been

restored to a total coverage of ~10,000@s This habitat serves as an invaluable nursery for myriad

species of fish and shellfighefcheclet al, 2017) many of which are SGCN. The extent of eelgrass in

the coastal bays continues to gr@s a result ofestoration efforts and; now ¢ selfpropagation from

previously restored areas.

Mockhorn Island WMA

Theeastern oyster Crassostrea virginigdas long been one of the most important species in

Chesapeake Bay and other Virginia waters. The ecosystem services provided by oysters are immense:

their ability to filter water, plus the structured habitat they form for fish, crabs, and other mafme i

make oysters a keystone species in these ecosystems. Records from the early decades of European

contact suggest extensive oyster reefs in many nearshore waters of thgvB&prmickRay, 2005)

including the [perhaps embellished] 1608 account from Eapty W2 Ky { YAUK @6K2 gNRBGS
la GKAOl L a aldz2ySaodéd | A3K tS@Sta 2F SELX 2A0F0GA2Y
harvesting to become more efficie(®chulte, 2017)By 2011, one study estimated that the abundance

of oysters in one section of Chesapeake Bay was 0.3% of its historica(\éNie¢sget al., 2011)

Threats to the marine nearshore habitats in Virginia include those originatingdnamging
environmental conditionsincreasing water temperature has the potential to disrupt spawning cycles
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and thus survival of numerous organisms, including many SGCN, eelgrass, and oysters. Invasive species,
such as blue catfislictalurus furcatusand northern snakeheadfanna argusare more prevalent in

the estuarine portions of thBay butmay threaten lower portions as well. These species are known to
outcompete some native species, including striped bass. More informed management of the oyster
fishery, paired with restoration efforts for the same species, have been somewhat succesafever,

the diseases MSX and dermo have taken a further toll on this population over the last several decades
(Ewart and Ford, 1993Human uses of nearshore marine habitats in Virginia also threaten these
ecosystems. These include dredging (e.g., for shipping channel maintenance and port construction),
increased shipping activity, shoreline stabilization such as bulkheading, andtagaicand storm runoff

which can greatly affect water quality.

There are many conservation actions for marine nearshore habitats in Virginia that could be considered
priorities. Addressing nutrieatich runoff, for instance by amending agricultural fertilizer application or
modernizing sewage treatment and outflow lilely to pay dividends for living habitats (such as eelgrass
and oysters) as well as the marine life living in and around them. Continued restoration of eelgrass and
oysters should also be prioritized. Finally, monitoring the impacts of human use sskippisng and

dredging on SGCN using diverse empirical scientific methods is recommended.

Marine Offshore
Brendan Runde and Kate Wilke, The Nature Conservancy

The open ocean is one of the most extensive ecosystems on the planet. Off the coast of Virginia, pelagic

and benthic zones provide habitat for dozens of SGCN. Continental shelf habitat off Virginia consists of
approximately 20,000 kfof seafloor. Although much of this area is unconsolidated sediment, natural
hardbottom habitat and artificial structures provide refuge and forage for many SGCN. Approximately
0.05kn?(i.e.50,000f) 2F +ANBHAYAl Q& & Srarkded atiidiaireefs eéxi@talJA SR 0 &
2024), and likely far more is coveredmstural reefs(Stewardet al., 2022). The extent of artificial reefs

is increasing, while changestire extentof natural reefs off Virginia is not known. In addition to

purposebuilt artificial reefs, mammade structuressuch as wind turbine foundationsffer habitat for
RADGSNES YINAYS fAFS® +ANBAYAIFIQ& ydzYoSNI 2F gAYyR (dz
absence to two in 2020 and over 150 additional foundations planned as of this witop.of these

seafloor habitats are important for marine life, including many or all SGCN that live in the ocean.

At and beyond the continental shelf break off Virginia, deepwater canyons offerdligh habitat for
marine life. Indeed, deepwater corals are present in these canyons (Beb@ke2017) that are not

found elsewhere on the sedimented shelf and slope of the-Midntic Bight. Due to the importance of
these habitats, the canyons of the Midlantic are protected from fishing and other extractive use.

The oceanic habitat may be far from shore, but it is still subject to anthropogenic threats. Pollution, in
the form of macreplastics (Jambeakt al., 2015), microplastics (Everaert et al., 2020), heavy metals
(Mart et al., 1982), and other contaminants threaten the quality of seawater and the biological
processes that take place thereMarming ocean waters a@ausing increases in sea surface
temperature in the global ocean, including off Virginia (Lapo@ttal., 2020). While the Gulf Stream has
historically driven processes off states south of Virgichanging environmental conditions adeiving
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major changes in this current that will impact Virginia as well (Gongalvesaiatp2021). Indeed, the
effects ofthesechangng conditionson marine life are manifesting as (for example) poleward shifts in
distributions (Morleyet al,, 2018; Nyeet al., 2009). These climatdriven distribution shifts may
complement range expansions that are facilitated by the emplacement of artificial structures in the
ocean (Paxtomet al., 2019).

Humpback Whale off of Virginia Beach

LY@l argdsS alLlSOASa Ay + A NHRtgfdislsgpandyréed trab @@inug SNE Ay Of dz
maenag3. While it is not currently believed that lionfish can overwinter north of North Carolina,

increasing seawater temperatures and the increase in rocky habitat (i.e. due to offshore wind

foundations) may allow them to do so. Greenabsare generally estuarine or shosssociated

however, they may colonize offshore structured habitats as well. As waters continue to warm and the
availability of novel structured habitats increases, these and other invasives should be priorities for

monitoring as they may outenpete native species (including some SGCN).

t NA2NAGE O2yaSNBIGA2Y | OlA2ya Ay +*ANHAYAIFIQA YINAY
protection of deepwater coral ecosystems, monitoring for the spread of invasive species, and research

on the impacts of new built habitats such as offshore wind/SGCN. Furthermore, empirical research

techniques such as acoustic telemetry would further elucidate habitat use by SGCN.
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Urban Lands
Steve Living, Virginia Department of Wildlife Resources

Developed
I Urban and Developed

Figure3.10. Urban/Developed Land across Virginia

Urbanization poses a variety of challenges to wildlife. Development of natural habitat can directly
displace species and fundamentally alter habitat characteristics. The fragmentation can isolate
populations and increase the impacts of predation and degtiad of habitat. Sensitive species and
specialists may be more susceptible to theffects. Urbanization can introduce chemical pollutants,

litter and debris, as well as light and noise pollution that can significantly impact the life processes of a
variety of species. The risk of collision with structures and vehicles poses another risk. Invasive species
are often more prevalent in urban areas and can reduce the value of what natural cover may remain.
Urban areas are comprised of a complex mixture of structures, undeveloped spaces and aquatic
habitats. The relative ratio of each component varies widely across the urban landscape. A variety of
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wildlife make their home within this urban framework. This includes generalists like racoons, resident
Canada geesand even deer and black bear. A variety of mative species thrive in the urban context
including rock pigeons, house sparrows and black rats.

+ANBAYALFQa fIFNBSad dzNbly FNBFa FNB Fff Faaz2zOAl GSR

habitat and act as corridors providing connection to other less developed lands and habitats. These
aquatic (or marine) habitats also face pressures frobanization including channelization, thermal
impacts from loss of streamside vegetatj@rosion,and pollution in the form of chemicals, nutrients,
trash and sedimentationThere is a discussion of the importance of wildlife corridors on page 97.

Despite these challenges, urban areas can still provide valuable habitat for a variety of SGCN. Green
spaces with urban settings may be relatively small but can still support wildlife such as pollinators and
can provide stopover habitat for newopical mgratory birds. For exampl&lonroe Park in Richmond,
Virginia,is 7.65 acres in a highly urbanized setting and sl @ecords for 55 bird species including five
SGCN.

Several SGCN can thrive in urban habitats. The peregrine {#alwo peregringss an excellent

example of thisadaptability. Peregrines were deemed extirpated in Virginia by the 1960s. In conjunction
with national efforts, releases took placedoastal Virginia beginning in 1978 and continued through
1985. Although the intent had been for these birds to wander and eventually reestablish historic
breeding sites in the mountains of Virginia, the birds instead established breeding sites on bridges an
urban areas of Virginia. A wédhown territory in Richmondyirginia,is the subject a widely viewed live
webcam and generatesignificant public interest in conservation. In downtown Richmaoimel

peregrines find ample avian prey and the hitgge building provide a constructed analog to the cliffside
aeries that the birds nested in historically. This includes urban birds such as rock pigeons but perhaps
surprisingly, a number of prey items typically associated with forested habitats like ylled cuckoo

or even wetland dependent species like bitterns and rails. This would seem to highlight the importance
of riparian buffes and forests both as habitat in and of themselves and as corridors for connectively and

Richmond City, James River Photo Credit: VA Tourism Corp.
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dispersal. Understanding that urban areas are potential habitat is important in understanding how
wildlife use these areas and how best to manage those species.

Programs to enhance habitat within existing public and private greenspace can bolster the habitat value
of these habitas in the urban environment. Encouraging the use of native plants and the maintenance

of native tree canopy can have directrizdits for wildlife while addressing environmental equity issue

such as heat islarséand access to quality outdoor nature based recreational opportunities. The
monitoring for and removal of invasive species can further enhance habitat value.

The monitoring for and provision/protection of resources for wildlife that take advantage of urban
spaces can provide additional benefits. Chimney swifts will utilize large industrial chimney stacks in
urban areas as communal roosts during migration ansuas these can provide a key habitat resource.

Working with partners to promote Lights Out campaigns and other mitigation strategies to address

window strikes where appropriate can help to mitigate a significant threat to bird populations.

Urban habitats present complex challenges for many wildlife species, especially habitat specialists and
those sensitive to human disturbance. A select suite of wildlife, including SGCN, are able to successfully
make use of urban habitats. Identifying thegmecies, understanding their needs and the opportunities

for management within the urban context will be important to maximizing the value of this habitat type.

The proximity to significant human populations creates opportunities to make positive coomeetith

At REATSY SyKIFIyOAy3d GKS 2 @S dbhséniecodmgdR Shdfkoiedt Yy RAYy 3 2 F
wildlife and habitat conservation.

Transportation Networks
Steve Living, Virginia Department of Wildlife Resources

VANBAYALI Qa (NI y aladdshhpd feénturd yiat iy @siribugedthroughaut the

Commonwealth, intersecting other habitat types and occurring in both rural and urban areas. Within the
urban frameworkthis network is concentrated as road and iaflfastructurecorridors irtersect in hubs

and can be seen as part of the larger matrix of the built environment. In rural environments this network
is more dispersed, but its impact on habitat perhaps more immediately noticeable as road and rail
infrastructurecorridors dissect habitat thahay othewisebe relatively contiguous.

+ANABAYAlI Qa NRBI R VORB0meddfroddss O2 YLINAASR 27

1 Interstate: 1,18 miles of four to ten-lane highways that connect states and major cities
Primary: 8037 miles of two to sixlane roads that connect cities and towns with each other and
with interstates
Secondary50,088miles of local connector or county roads§17miles locality maintained).
Frontage: 32miles of frontage roads
Urban streets: 1@24 miles(maintained by locality)
Toll Roads: 59 miles (maintained by private or public/private enterprises)

=
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https://www.vdot.virginia.gov/about/our-system/highways/

The majority of these roaxhre comprised of impervious surface and are accompanied by +idiwsy
of varying widths that are maintained with a combination of mowing, trimming and herbicides to
maintain drainage and linef-sight as necessary.

Road networks pose a variety of challengewildlife and their habitats. Roads create barriers to
dispersal and a direct hazard due to the risk of vehicle collisions. The noise and artificial light associated
with roadways create additional impacts for wildlife.

= T

Springfield Interchange Photo Credit: VDOT

+ANBAYAIFIQad whkAf ySig2N] Aa O2YLINARASR 2F wmm FNBAIK
Virginia Railway Express (VRE) commuter routes. The passenger rail services operate primarily on rail

lines owned by the freight companies undexgotiated agreements Rail lines pose hazards similar to

road networks, creating barriers to dispersal and the risk of striké& managed rightef-way adjacent

to these networks create potential attractants and habitats for wildlife. The Virginia Department of
Transportation participates in the Monarch Butterfly Candidate Conservatizaementwith

Assurances program administered by the University of lIi@bigago. Under the auspices of this

program VDOT has contributed over 8,000 acres of pollinator habitdtiding planting 82 acres in 2023

with 135 acres slated to be planted in 2024.

Theserights-of-way also create pathways for the spread of a variety of invasive plant species. These can
become wellestablished within these areas and provide sosffoce continued invasion. Inclusion of
invasive species monitoring and control as part of Hgfivay vegetation management protocols can

help mitigate this issue.

Attractive habitat adjacent to thesead and rail infrastructureorridors is not without potential risk to
wildlife. Wildlife species may be attracted to browse on vegetation or to hunt. Scavengers may be
attracted to roadsides by the carcasses of previously struck wildlife. Carrying out these activities
adjacent toroads and railways creates potential risk.
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Some transportation infrastructure can offer analogues for key habitat features. Bridges and culverts
can act as substitutes for caves, rock and tree crevices and hollow trees and are utilized as roosts and
hibernacula by up to half the North American Isgecies. Notable Virginia bat SGCN that are known to
dzi At AT S GKSasS TSI i daadbatCyridorninsSafimesqiiiimyciotidljrgirta®ig o A 3
eared bat(Corynorhinus townsendii virginianuindiana myotigMyotis sodalisandnorthern long-
eared bat(Myotis septentrionalis Opportunities exist to retrofit existing bridges or to incorporate-bat
friendly features into new designs.

The continued study and implementation of wildlife passage related to transportatfoastructure

corridors has the potential to mitigateabitat isolation and the risk of strikes. Identifying effective

designs and locations for such passage efforts will be increasingly important as development pressures
continue to fragment wildlife habitats.

Wildlife Habitat Corridors and Connectivity

Virginia is one of the first states in the eastern U.S. to credtéldlife Corridor Action Pla¢Plan)

(VDWR et al. 2028)ith a clear emphasis on protecting vital wildlife habitat corridors and reducing
wildlife-vehicle conflicts, such as collisions, to promote driver safety. Wildlife corridors connect
fragmented habitats separated by human activities or infrastructures, tlaibitat connectivity is vital to

the longterm sustainability of wildlife biodiversity. When road infrastructure fragments wildlife

habitats, some species of wildlife may need to move across roads to reach suitable habitats for fulfilling
their food, watr, shelter, and mating requirements. Wildkéehicle conflicts can occur, resulting in

driver safety risks due to direct collisions with the animals or crashes from avoidance maneuvers, as well
as wildlife population impacts such as significant mortalitg barriers to dispersal. More than 60,000
(Donaldson and Elliott 202khown deervehicle collisions have occurred annually in Virginia since 2015,
costing the Commonwealth and its citizens approximately $533 million each@earexample of

creating these corridors are the areas along Nmtoway and Blackwater Rivers in Southeastern

Virginia related to the conservation of longleaf pine ecosystées page 41.)

One of the key outcomes of the Wildlife Corridor Action Plan is the identification of Wildlife Biodiversity
Resilience Corridors (Figure 3.11). These cesgake statewide wildlife corridors were identified by

f SOSNI IAYy I (K Lonsev¥Wr@njandYikginid aigal Landscape Assessment
conservation planning tools (Virginia Department of Conservation and Recreation), as well as other
geospatial data sources. Conservation of these existing-Ergle wildlife corridors, and their

connectivity, aramportant for the longterm sustainability of Virginia's native biodiversity and habitats

in the face of threats such as land development and climate change. In 2027, the Wildlife Corridor
Action Plan will also integrate speciggecific habitat corridorfor 11 Species of Greatest Conservation
Need thought to be vulnerable to road risks (e.g., via direct mortality and/or dispersal disruption
through habitat fragmentation). The VDWR is partnering with \AB{@Jinia Transportation Research
Council, VDCR, 8hsonian Conservation Biology Institute, and George Mason University to pilot how to
identify priority species habitat corridors for SGCN using expert input, available biological data and
research outcomes, and geospatial and remote sensing data witBoogle Earth Engine modeling
workflow. This pilot is focused on the followingj SGCN: bog turtlec{emmys muhlenbergyiispotted
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turtle (C. guttatd, wood turtle Glyptemys insculp)abox turtle Terrapene carolina carolipaMabee's
salamander Ambystoma mabegi northern diamondback terrapiMalaclemys terrapin terrapin

timber rattlesnake (Crotalus horridugasternmud snake Farancia abacura abacuyacommon

rainbow snakeK. erytrogramma erytrogrammaeastern spotted skuniSpilogale putorius putorijis

and Allegheny woodratNeotoma magister Understanding the location of important habitat corridors
for SGCN will inforrfuture conservation actions, such as priority locations for installing wildlife crossing
infrastructure on roads, land conservation, and habitat restoration. In addition, the modeling
methodology developed for thesel SGCN will serve as a protocol that can be duplicated for additional
SGCN which are also detrimentally impacted by road infrastructure or other land uses causing habitat
fragmentation.

Wildlife Biodiversity Resilience Corridors
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Figure 3.11. WildlifeBiodiversity Resilienc€orridors, VA Wildlife Corridor Action Plan, VDWRal. (2023)

Working Lands
Clay Ferguson,ADepartment of Wildlife Resources

Lands and waterBom which food or fiber are provisioned to support the needs of people are known as
working lands and waters (hereafter referred to collectively as working lands). Working lands exist in
actively managed areas, are typically privately owgédit can bepublicly owned, and include a broad
spectrum of agricultural, aquacultural, and silvicultural practi€aderrcd.orly) In Virginia, working

lands occupy undeveloped spaces and include timbered forests and tree plantations, pastures, hayfields,
crop fields, shellfish farm leases, orchards, nurseries, gardens, and vineyards. Besides furnishing many of
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https://placerrcd.org/what-are-working-lands/#:~:text=Working%20lands%20are%20managed%20areas,to%20food%20and%20fiber%20production.
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2024), hence the considerable potential for working lands to awipvildlife and their habitats.

Not all modern versions of food and fiber production qualify as working lands. A first requisite of

working lands is a direct physical connection between the food production system and local
environment. For instance, although confined animal feeding apmra (CAFOSs) produce lots of food,

the humanbuilt, impervious and artificial environment disqualifies them as a type of working land.
However, the crop and hay fields that grow inputs for CAFOs are subject to the climate, soil, and biota of
a site and qalify as working lands. Another key requisite that distinguishes working lands from other
related land uses is the harvest of renewable resources. Industries such as mining or drilling, though
capable of producing goods comparable to those derived fronkingrlandsguch asynthetic fibers

and building materials), are not considered working lands because the operation-iem@mable and

merely extractive. Lastly, working lands preserve some level of ecosystem services that were present in
the previouslynatural, unworked landscap€&or exampletimbering regenerates forests and provides

crucial early successional habitats for many SGCN. Althamifitiescommercial fishing, mining, and

/' Cha LINBPRdzOS AYLRNIFYyG NBaA2dzNOSAa F2NJ Kdzyhyades
wildlife like working landscapes.

Nonetheless, working lands caaveseriousimpactsort A NBAY Al Qa o0A20 & 22N) Ay 3
scale from ecological asset to liability when their operations sever key cycles of naftiuite Oaks,

2021). The carbon, nitrogen, mineral, microbial, fungal, light, wind, and water cycle are among a few

such key cycles whose disruption can upend the stability of a habitat or greater ecosystem. At the same

time, because of their direct connection to the envinoent, working lands have the potential to align
KFENXY2yA2dzat e gAOK yIFGd2NBEQa 0eoOf Sad 2KSy KIFN¥2ye A
LINE GAAA2YyAy3ds S0O02a2aiGSY aSNIBAOSE 020K ONRGAOIT G2
services lik clean air, abundant water, and healthy soils.

22NJAYy3 FIENXYAZI NFryOKSasz FyR F2NBad frFryRa NB az2ys$s
functioning natural cycles and processes, and resilient wildlife communities. Many of these lands and

waters are managed by th@ YY2y St f 6 KQa Y2ad RSRAOFGSR aiSslk NRA
conservation. As such, maintainingt8e02 Y2 YA O @Al oAt AGe 2F g2NJAy3 Iy
conservation strategy, as is finding more eeffective ways to financially reward managers who cannot

afford to adopt or sustain wildlifériendly BMPs, despite a desire to do so. At entiran 2@60f the

adFi8SQa 3aINRPaa R2YS&AalGAO LINRPRAzOGAZ2YS>S ¢2NyAy3a fFyRaA
and receive broad public support for conservation programs that assist farmland sustainability

(Rephann, 2022 Collaborating more fully with the working land industry must continue growing as a
OSYidNIf GSySi (2 +ANBAYAIQa gAfREAFS O2yaSNBFGA2Y

Working Lands Pr&€ommonwealth

The recorded history of working lands in Virginia began around 4,000 BCE, when native peoples first
developed stone axes large enough to clear small patches of fqé&St3E2024). Clearing forests
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provided not only bulk timber for building more substantial tools atrdctures butalso encouraged
plants of more direct benefit to people, such as berry bushes, fruit and nut @9E2024) As harsh
conditions of the late Pleistocene gave way to the milder Holocene, longer growing seasons and

SELI YRAYI $2NIAYI tFyRE ALHNNBR KdzYly LRLIZAFGA2Y

Commonwealth.

Once bands of people came to inhabit all regions of Virginia, they began establishing small, more
sedentary settlements and developing unique tribal cultuig® OE2024) The gradual abandonment of
nomadic ways necessitated more substantial cultivation of food. Native plants like sunflowers, gourds,
tuckahoe and amaranth were cultivated through selective breeding. Fields of beans, corn, and squash,
all of which were tradd into Virginia from thesouthwest US or Mexico, eventually provided foodstuffs
throughout the seasons. Fire, a tool long used to corral animals for ease in hunting, found greater use in
clearing land for more productive grass and shrubland habitats, where wild provisions are more
accessible.

As tribal populations surpassed the tens of thousands, larger parts of the natural landscape underwent
significant change. Marshes adjacent to settlements were commonly converted to monocrops of wild
rice(Nomad Seed Project, 201 Bimilarly, floodplain bottom lands were deforested and cultivated for
crop production. For many species of wildlife, these anthropogenic conversions from natural to working
landscapes would have resulted in a net loss of habitat, or at least a dechiabitat functionality

within the acreage impacted. But given the small scale and low intensity of these early food and fiber
production systems, the loss was negligible.

From Inconsequential to Highly Consequential Land Use

¢KS 3S2aLIGAFE a0FfS FYR LINRPRAzOUOAZ2Y AyGSyariide
European colonization imposed a new global economy on the landscape commons. The subsequent
privatization of land and establishment of commoditsiven economies all but antiquated the notion of
sufficiency in working the langithat was, working the land to feed family and immediate community.
Land became a commodity from which individual owners could obtain transferrable wealth (money) via
resource extration. Those who maximized resource extraction could purchase more land or make other
investments to advance their social ranking. Prospects for wealth accumulation were high, given the
virgin richness of many Virginia soils and relatively stable climate.

Periods of indentured servitude, chattel slavery, and technological advancements of the industrial
revolution enabled vast expansion of working lands acros&tinemonwealth. Eventually, working

lands expanded across Virginia so widely that practically every forest was timperest have been

logged numerous times. Similarly, nearly all tillable land has been plowed and cropped for decades,
centuries in some plas. Moreover, much of the land has, with few exceptions, been grazed by

livestock over similaimeframes. Conversion of natural habitats to working lands accelerated so rapidly
during the 19' century that species across all taxonomic groups experienced population declines. The
YySENI 2N O2YLX SGS SEGANLI GA2y 2F #ANHAYAIQa o0A13
reminder not only of the destructive potential of technological assement within working lands, but
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https://www.nomadseed.com/2017/12/southern-wild-rice-or-river-rice-zizania-aquatica/

also as an indication of the likely losses of more sensitive, endemic spetiesinknown(Cowie, et. Al,
2022.

This is not to say that before European contact, land was never overworked. However, prior to the
development of a global economy, the direct consequences of overworking the land, as is evidenced by
SNRaAz2y 2F az2Aif ¥FSNIAfbleladds, wgr&notoreadiydeNdapatieé Deglekion oINS O A 2
localized resources would have almost certainly required settlement relocatiostrong disincentive

against unsustainable resource extraction and strong incentive for preserving considerable natural

habitat for ecosystem resilience. In contrast, the globalized economy has enabled commodity

production to steadily intensify in the face of localized overexploitation. Soils depleted of organic matter

and key nutrients are renourished by importing nutrie(festilizers) from off the farng sometimes

from around the worldWorld Population Review 20t [ A { S6 A a S f{-I®ldidg cdpatityl a2 A f ¢
is overcome by irrigating crops with nearby ground or surface wafanghe demand side of the

equation, once local food or fiber supplies saturate regional markets, export markets are pursued to

maintain revenue potentiallncreases in food and fiber productionughistorically resulted in human

population growth, which in turn has necessitated additional conversion of natural habitats to working

lands to support growing demands.

Moving Past a ConservatioRhilosophy Crossroads

Anthropogenic manipulation of a natural ecosystem for the benefit of humanity is implicit to working
lands.Working the land necessarily displaces some degre®tfral ecosystem functionality that eo
evolved for millennia prior to human inhabitanddowever, & YS 2F +ANHAYAlIQ&a Yzaild &

BV A 3 -

g eera ] USRS e i~ v:,, P 5l
-~ AN v ; kT - B ‘
: 3

<5 - 2N

iber Maaéement Cu?

conservation initiatives of the 2century have centered on keeping working lands working for the
flrYyR2YSNI YR gAfREAFSD b2GFofS FY2y3a GKS&S AyAlA
¢ supported by many state and NGO personnel inGbmmonwealth NRCS, 2034Virginia land trus@

holdings of conservation easements on working lands that now exceed more than a million acres

(Shepherd, 2023 a concerted reorientation of Chesapeake Bay pollution reduction efforts towards

working landsBlankenship, 2023and unprecedented levels of grant funding awarded to cooperative

extension efforts that assist producers and harvesters in adopting best management pracéiges, (

2023.
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Working Farm

Thisapproachtethers working lands and wildlife conservation under the shared mission of economic

and ecological resilience. It recognizes that biodiversity and the modern economy are inextricably

interlockedc that the longevity of one requires strength and suppodrirthe other. It embraces the

ydzr yOSR 02y OSLIi GKIG ¢2N]JAy3a flyRa 2F *ANHAYAlL aO
seminatural, constitute a vast reservoir of land area, [and] are both part of the problem and also, part

of the solution Coffin, et. al, 2024 ® ¢

No Two Working Lands arExactlyAlike

/T GSIA2NRT Ay3a ANBAYALFIQa 2Nyl Ay3 flyRa o6& GKSANI NB
ALISOGNHzY 2F INRBdAzLIAYI&DP hy GKS daKAIKEE O2YLI GAOGALA
forestry that closely emulate the natural esystem processes that define the resilient habitatth

whichnative biota coevolved. Highly compatible farming and forestry practices, often referred to as

holistic, regenerative, ornaturé 8 SR a2 adSvyaz LINBaSNWS Y2aduch2 NI YI ye
as the water, carbon, mineral, fungal, and microbial cycle. Thesdumgtioning systems tend to be

managed at lowto-moderate production intensities by managers who value ecosystem services,

biodiversity preservation, and thus longevity of theimfe, in addition to immediate economic needs.

Some otherfarm and forestry practices result in novel, anthropogenic ecosystems. Although select
species thrive in these humatominated settings, rarely do SGCN since the novel conditions are mostly
unrecognizable from natural habitats. Examples include most caciaierop fields, orchards,

vineyards, gardens, and plant nurseries. Unlike highly compatible working lands, these systems
necessarily sever many key cycles of nature. For examplegffestive row crop farming requires the
suppression of albut one plant variety (monocrop). Following mechanical harvest, the field lies barren
with no physical structure, forage, or live perennial roots to provide wildlife habitat, until a cover crop
can be swn and established. These novel working lands are typically managed intensively, often for the
sole purpose of provisioning food and fiber. Although best management practices can minimize their
ecological impact, improve economic performance, and increassystem services, they do not serve
aseffective SNNR I3+ 1S& F2NJ +ANHAYAI Q& ylFGdzNIf KFEoAdldaow 2
dominated ecosystems are low priorities for wildlife conservation.
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The following habitat classes are those which have assabdeking lands with the greatest potential
02 &adzZlJL2 NI ANBAYAIFIQa {D/bd 5Aa0dzaaizy 2F (GKS&AS K
operation, potential for supporting SGCN, and barriers precluding realization of support potential.

Working Lands and Waters Summaries
Working Forests & Woodlands

Working forests and woodlands include stands of trees that have been timbered and are being
considered for a future harvest by the current landowner. They exist on most private and many public
lands and include nearly all forest species compositions,Huathie less accessible forests at high
elevations or in lowland swamps. Much of the diversity in@eY Y2 y 4 S I f Uafe@lasses 2 NB a
results from logging the timber-harvesting practice that makes a forest a working forest. Though
certainly not free of ecological impact, logging benefits many SGCN, particularly birds and mammals, by
regenerating young forests as early sessional shrubland habitat. Ruffed grouse, goldénged

warblers, bobwhite , woodcock, spotted skunk, and snowshoe hare are just a few SGCN that rely on
shrublands for food, cover, nesting, and other key life stages.

Without active logging, young forests would cease to exist across much of the state, along with-their co
dependent SGCN. Although early successional forests existed prior to human inhabitance, virtually all
the disturbance mechanisms that naturally regested forests; old-growth deadfalls, disease, fire,
beavers, bison, elk, have been markedly reduced or entirely removed and now, in manywasgdde
difficult to restorefor scalablaeestablishment. Fire, for example, would have naturally opened fores
canopies in mosailike patchworks when and where flames burned intense enough to girdle or torch
trees, creating early successional habitats. Today, the ubiquity of people acrd3stheonwealth and

their financial dependence on private property resources (timpetgntially serve as barriers to

returning healthy fire aa meaningful scale. Because logging does not deal with the same degree of risk
and liability to people and their property, it is a more viable disturbance regime.

Clear cutg; Alogging method where all trees are removed from a contiguous block of forest at once,

this approachis perhaps the most common harvest method employed in@exmonwealth. The

popularity of cleafcut practices is economically driverthey are more coseffective for loggers (more
revenue per time invested) and more immediately lucrative for the landowviBQF, 2014 However,

some landowners prefeselect cutdor various economic and environmental reasons, and loggers are
typically willing to accommodate if the tract is large enough with a mature stand to select fromtd-ight
moderate select cuts, where some mature and many maturing trees are left to greweaerally
O2yaARSNBR Y2NB adzLJL}2 NI A @S { Aaged dadfles Withla dv@rseg A £ Rf A TS
assemblage of plant species. Moreover, by preserving some canopy coverage, light select cuts continue
to shield sometimes highly erdae soil from the elements (wind, precipitation, UV radiation), helping

keep watersheds healthy and soils productive. Still, clear cuts can mimic the type of broad forest
regeneration that would have historically followed an intense wildfire and are ctibipavith many

SGCN, especially when conducted at flatter topography. If prescribed fire is integrated into the timber
rotation, natural habitat conditions are even more achievable.
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https://dof.virginia.gov/wp-content/uploads/Clearcutting-Facts-and-Myths_pub.pdf.

How a working forest is allowed to regenerate following a timber harvest is also of consequence to
SGCN. Ideally, for native wildlife, the native seedbed and stump sprouts are allowed to regenerate
naturally. Natural forest regeneration enables a diversayof species associated with multiple stages
of forest succession to express themselves and suppedependent species. Rarely thinned between
harvests, natural regeneration limits the frequency at which heavy machinery compacts the soil and
reduces lydrologic functionalitywhich isa threat to aquatic SGCN. When markets are up, timber
harvests can produce considerable economic windfalls for the landowner, especially stands of mature
hardwood.At the very leasttimber harvestdielp cover the cost of landownership from years prior and
years to come, disincentivizing deforestation (the conversion of forests to another land use). With
harvest frequencies ranging typically somewhere between a half and full century, naturally reigehe
forests require patience. Working with a professibfaester to develop a forest management plan
helps landowners fully consider all economic and ecological factors.

Landowners who desire more frequent infusions of revenue from their working forests often convert a

clearcut stand to a commercial tree plantation. In Virginia, these are typically pine plantations, mostly
replantings of fasgrowing loblolly, but increasgly native shortand longleaf pine. Commercial pine

plantations are characterized by relatively high density, exgad, singlespecies stands planted in rows

at regular intervalsfWC, 201p Site prep and subsequent thinning can be harsh on the environment

since intensive use of herbicides and mechanical tillage/compaction is requisite. Except for the first and
frad ¥S¢ @SIFENBR 2F | adlyRQ&a f A TS anbdroy, Elosatizandpy, 02 Y Y S N.
needlecovered forest floors with little value to SGCN. However, tree plantations that are thinned,

burned, and allowed to mature beyond initial market readiness often reestablish an early successional
understory with considerablealue to the SGCN that can migrate to it (mostly birds).

Regardless of harvest method, when a forestry management plan is developed and BMPs adopted,

impacts to SGCN can be minimized and habitats can recover more quickly to a condition that supports

wildlife. Importantly, BMPs help keep fertile soils in plac®tiyghout the timbering rotation, ensuring

FdzidzNBE FT2NBadiQa SO02t23A0Ff FyR SO2y2YAO0 LINRPRAzOGA D
their working forest, who would like to ensure the forests productivity for future generations, and who

wouldlii] S 2 AYyONBIFraS GKSANI F2NBadQa O2YLI GAo0AftAlE GA
regenerate after harvest, opt for light select cigspecially on steeper topographyncorporate

prescribed fires, and leave behisdme mature trees to support wildlife that rely on eddowth

habitat.

Prescribed Fire The importance of prescribed fire is wdlbcumented for many species. Tiegular
rotation of fire to conserve firelependent plants and animals is an important part of conservation
efforts in Virginia. Without regular logging, application of herbicidgzrescribed fire, lands in Virginia
naturallyprogressrom grasslands or timbered lands to shrublands to early successionalsooesid
growth forests. In addition, many speciesch as northern bobwhite, recockaded woodpecker,

frosted elfin and longleaf pine require either fire directly to germinate or finrgaintained habitats to
thrive. Increasing residential development, urban growth atidcter air quality standards are making
prescribed fire hardr to plan and carry out. It is crucial for the conservation of fire dependent
communities that prescribed fire ctinue to be an available tool for wildlife and ecological conservation
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professionals.There are 339 SGCN in the 2028dlife Action Plarthat benefit from the occurrence of
fire in their habitats.

Working Grasslands, Savannas, & Early Successional Shrublands

[ A1S F2NBada FyR ¢22RflFyRaAxX Y2ald 2F +ANHAYAI Qa 3N
habitats are active working lands. Working lands associated with these habitats include agricultural
pastures and hayfields, both of which are directlyraliiectly managed to produce livestock. Although
more prominent on private land, opeiand habitats on public lands are occasionally maintained as
pastures and hayfields. Unlike sl@rowing forests, livestock grazing and hay production afford farmers
a mare consistent commodity capable of generating substantial annual income off aveimagefarms

(186 acres ivirginig Ellison, 202R Generally, grazing confers better income potential than haymaking
because of the high value of livestock and relatively low expenses needed to grow them. This is
especially true for ruminant grazers, which require little to no supplemental feeding wérstnne

forage is diverse and strategically stockpiled for grazing outside the growing season. As the costs of
fertilizer, feed, fuel, equipment, and other farming expenses outpace rises in commodity vislyess(
2022, grazing pastures has become a financial stronghold for rural communities, halginiin
grasslands, savannas, and shrublands.

Pastures have more potential than hayfields to support diverse flora and fauna because-graziag

impact (hoof tramping, manure, urine, etc.) is a natural disturbance mechanism and the only

disturbance necessary for most livestock production. When rgadavith care, livestock impart a

disturbance pattern that closely simulates the herbivory cycles once fulfilled by native elk, bison, and

even larger herbivores that are now extirpated or extinct. Biomimicry is the term used to reference
working land sysims that intentionally simulate natural systems and processes. To achieve biomimicry,
livestock farmers adopt a suite of best management practices (BMPs) such as stocking their pastures at a
site-appropriate rate (below carrying capacity) and allowing peet ample rest by rotating the herd.

Cattle are well suited for biomimicry in Virginia because their size andlikertendencies are close

surrogates to bison and elk. Cattle is the predominant livestock animal pastured @mfmonwealth,

but sheep, gats, pigs, and poultry are also pastured and have compatible potential with native biota
azald 2F xANBAYAFIQ&a LI addz2NBa | NB OtlikesiopasturEshirel & G NB
also common and can establish one of two ways: when heavy thinning of a woodland allows light
penetration to the forest floor, advantaging herbace@rasses and forhbsr when intentional tree

plantings or natural tree regeneration occurs within a grassland pasture. Pastures also account for a

good percentage of A NH A Y A [-ddrinadNdarlysdidceSsional shrublands, which form when

grazing pressure is light and managers choose not to control all woody encroachment in their pastures
Shrubland pastures are therefore considered habitats transitioning from a grassland to a savanna or
woodland and require heavy browsing to persist.

Ly GKS 6aSyO0S 2F 3INITAy3 2NJ FANBI Yz2ad 2F zANHAY
+ ANBAYALFI Q& OftAYIGS |yR a2Af LINRBFTAfS&S 6AGK F¥S¢ SE
AKNHz0f F YRAZ ¢22Rfl YRAX SINNWR y$SDSy (IRININGS&E G NANB & K& ® A&
provide critical wildlife habitat and ecosystem services, they do not support SGCN that are dependent

upon opencanopy habitats. Grasslands and similar herbacdd@sY A y I G SR 2 LISy f I yRa I N
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most imperiled habitatBorowy, 2013 As such, area ecologists often emphasize the need for

LINBEAONROGSR ANITAYy3 YR FTANB ONRaa *#ANBAYAIQ& fly
forested and open habitats. Indeed, habitats managed both by grazing animals and fire repr@sent so
2F +ANBAYAIQA Yz2ad Ayidl 04 SO2aeéadSvyad 2A0GK2dzi GKS

shrike, bobolinkandbog turtle could well vanish from th@ommonwealth.

PRP2NJ YIFEYF3SYSyd LINFY OGAOS&sE &ddzOK a ad201Ay3a FyAYlf
capacity, continuously overgrazing pasture paddocks, and allowing livestock routine access to streams

are amonghe top threats prompting thenclusionof many SGCN. Invariably, grazing operations

become harmful when farmers manage for maximum commaodity production. Such operations are never
sustainable since soil fertility and hydrologic functionality are eventually lost, imperiling both the farmer

and widlife.

+ ANHAYAIlI Qa4 K kendentaryitdSgiared pabtiNds in (at Midyikserve as the forage base for

f A0SaG201 2dziaARS 2F GKS 3INRBgAYy3ad aSlazyo {2YS KI @&
warm season grasslands, but most are dominated bymative, naturalized coedeasorgrasses.

Hayfields consist primarily of perennial grasses and are distinguished from monocrop annuals that

produce haylage and result in a truly novel, hursdiered ecosystem. Active hayfields are harvested

every yearg up to four times a year, dependiran climate conditions, grass composition, and nutrient
application.

I'a £ A BEpesbthire @gimevarms and growing seasons expand, Virggnazersare focusing less

on hay production and more on stockpiling cool season grasses for winter grazing. Some grazers have
22AYSR £#ANBAYAI Q& DNITS onn OF wldipesSively,5@ne hakeY A (i K| &
been able to stop feeding hay ertly (except during times of severe winter weather or growing season
droughts;VCE, 2024 Rising costs in hay production is motivating more farmers to convert hayfields to
pastures. Depending on the intensity ofjezer'soperation, getting by without hay usually requires a

reduction in herd size, even with converting hayfields to pastures. But despite reduced income from

selling fewer head of livestock, reductions in haying expenses have reportedly made this alternative

business model more profitable, less risky, and enjoyable for geagerg USDA, 2000Teutsch,

2008;Williams, 2019).

Because pastures have greater habitat potential than hayfields, converting hayfields to pastures is a
boon to grassland SGCN. Unlike hayfields, pastures do not require a replenishment of soil nutrients over
time. The resulting reductions in chemical fezgk application on the watershed improves soil, stream,
and bay health and helps make farms more profitable {1gh. Moreover, regeneratively grazed
pasturesg those grazed under appropriate stocking densities and resting rotatibagd soil fertility
through animal impact (root sloughing, trampling, manure, urine). By sequestering carbon into stable
soil reservoirs, regenerative grazing is both a key adaption and mitigatichmatzging environmental
conditions(Wiltshire & Beckage, 2022Hayfields also tend to be less diverse than pastures in species
composition and structure. This is because hay mowing necessarily clips fields immediately prior to
seasonal extremes, such as peak summer heat and first fall frosts. These highly stxesgiiselect for

a few hardy grasses and forbs that can endure. Over time, most hayfields becomenguasirops,
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dominated by one or two varieties of grass (typically 1mative) and have extremely limited habitat
value for SGCN, despite being undeveloped green space.

lowAydSyaAiride KFIeAay3a Aa 1Se (G2 FOKASGAY3I O2YLI GAOACT
the less fertilizer is applied to the watershed, the less equipment compacts the soil, the less equipment
physically kills wildlife, the more plant diversity can express itself, and the more plant structure and

living roots can provide wildlife habitat.

Working Estuaries and Marine Nearshore
John Lewis, VA Institute of Marine Science

In addition to working terrestrial landscapes, Virginia has a deep history of working the marine and

Saddz NAyS 41 GSNA Ay (GKS /KSalrLISIF{1S .F& |yR 2dzi SN
economy involves harvesting renewable mariesources via numerous methods of take. A multitude

of species are harvested commercially in Virginia waters, with some of the more notable including

Atlantic menhaden, striped bass, blue crabs, hard clams, and eastern oysters. According to a report

Tangier Island, Virginia

prepared by the Virginia Seafood Agricultural Research and Extension Center, marine resource harvests
O2YyiUNROGdzGSR bPmdm o0AffAZ2Y (G2 GKS /2YY2ysSIHfaKQa SO
supply chain to include harvests made by watermetyeadied through processors, and services

provided by distributors (Gaalveset al, 2022). Annually, Virginia ranks among the top seafood

producers in the United States, boasting the titles of largest hard clam producer in the nation, the bulk

of which are aquacultured products, and largest eastern oyster producer on the East Coast.

Working waterfronts arelsoa source of pride and cultural significance to the people who take part in
or live adjacent to such operations. Symbols of working the water are woven into daily life in these
areas, with numerous social events revolving around products harvested frohwlatexs (i.e. oyster
roasts, crab feasts). Restaurants, hotels, housing developments, and other social constructs share
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monikers with terms or symbols directly related to working the water. While such things may seem
trivial in the broad view of wildlife conservation, these cultural influences can lead to positive changes in
the minds of theaverageperson regarding marine conservation, cultivating a respect for the resources
related to said symbols and, in a be&stsescenario, leading to lifestyle changes that will benefit the

local environment. Through this process, generational conservationseginecdeveloped frequentlin

GKS FT2NX 27 didardnimeéht odediZnh@natiral re§okirSes for human benefit while
maintaining good stewardship.

While Virginia employs a diversity of techniques for harvesting marine resources, many of these
methods of take are solely extractive. While this can be sustainable with adequate management, it does
not typically involve a reinvestment to the resourceyimg instead on natural productivity. However,

an expanding segment of the seafood industry is taking a more intensive approach via shellfish
mariculture, commonly referred to as shellfish aquaculture. Shellfish aquaculture is a large, growing part
of ViLGh Y Al Q& &SI F22R SO02y2Yeé FyR YI 22N O2y (i NR o6 dzii 2 NJ 271
the $1.1 billion contribution of the seafood industry reported in 2019, $117.2 million was attributed to

the shellfish aquaculture sector (Geatveset al., 2022). Of this sector, the overwhelming majority of

landing values are credited to hard clams and oysters, with hard clams being the largest contributor
(Hudson, 2019). In 2021, hard clam aquaculture produced the number one seafood item by value for the
entire Canmonwealth of Virginia (Snyder, 2021).

Containerized culture is a common system for shellfish aquaculture used by growers throughout the
state. By placing animals in a container or planting them within a specific area leased from the state
(with specific permit requirements), shellfish farmeemn return to their nearshore site to work their

crop for regular maintenance or harvest. Not only do these containment systems confine the shellfish to
prevent product losshut theyare also designed to reduce predation. While these containers are
intended to protect the shellfish within, they are also used by a plethora of sea life as atrtificial reefs.
Shellfish leases tend to be in areas that are relatively shallow and protected from wind and waves,
similar to nursery grounds for many species foundrid around seaside coastal lagoons, the

Chesapeake Bay, and its tributaries. Juveniles of many species seek refuge from predation in these
nursery areas, where food resources are also abundant. The infrastructure provided by aquaculture gear
has the potentl to offer excellent protection in such environments while also accumulating biofouling,

a term used for unwanted biotic growth on otherwise clean farming gear (i.e. barnacles, hydroids, sea
squirts), which may serve as a food source for juvenile fishdsrevertebrates.

Bivalve shellfish, especially oysters and clams, are proficient filter feeders, known for their excellent
ability to filter large volumes of water to sustain growth of their outer shell and somatic tissue.
Aquacultured shellfish are no exception to thiseryroviding an ecosystem service similar to those in
the wild. This filtration potential is considered one of the greatest benefits of aguaculture to the
environment, where shellfish remove particles from the water, selectively consuming microalgae while
rejecting inedible particles which results in clearer water for seagrass growth and benthic algae
colonization, ultimately lessening the effect of nutrient loading. Nutrients such as nitrogen are then
stored within the animal which is directly removedritdhe system upon harvest. The waste produced
through filtration also benefits the surrounding environment by providing nutrients to the benthos,
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potentially spurring the growth of submerged vegetation such as eelgrass (Petardbteck, 1999)

and offering additional food sources for bottedwelling organisms. This biodeposition can also lessen
nitrogen loads in the water column through burial and nitrificataenitrification, or the coupled

process by which microbes convert reaetammonium into nitrate, which is subsequently converted to
nitrogen gas and removed from the system (Ayvagiaal., 2021). In addition to filtration, some farming
sydems (e.g., floating oyster gear) possess the added potential to decrease wave action which may
lessen the impact of shoreline erosion adjacent to the farm site. Shellfish aguaculture operations can
SPSy 06S aSid dzJ Ay I NB LI dorvilddhdilfish chidhifadidn, infilBnp@vding NA £ &
robust ecological benefits in areas that otherwise may not receive them.

The shellfish aquaculture industry can produce negative externalities, however. For example, derelict
gear, or equipment dislodged or otherwise lost from an aquaculture operation, can be potentially
harmful to marine life. While no shellfish farmer intertddose gear, some degree of loss is inevitable

due to bouts of severe weather and aging equipment. This can lead to debris washing up on marshes,
beachfronts, or other habitats adjacent to aquaculture operations, though it is best practice (and most
ecoromical) to anticipate impending scenarios that may lead to gear loss and take appropriate
measures to reduce such loss. Most aquaculture operations and trade organizations like the Virginia
Shellfish Growers Association will readily respond to calls ahith &he retrieval of derelict gear in their
area. While aquaculture operations can positively impact submerged vegetation, they also have the
capability of harming seagrass beds through shading and bottom disturbance which can lead to
significant loss ofegetation directly under aquaculture gear (Howaethal., 2022). This impact,

however, is limited to the given farm site and is often mitigated entirely during the application process
for aguaculture leases, where new proposed leases sited near seagrass beds are heavily scrutinized and
those that are applied fowithin seagrass bed boundaries are typically denied. Additional information

on potential issues and best management practices regarding bivalve shellfish farming can be found at
the East Coast Shellfish Growers Association

Even with potential negative impacts in mind, shellfish aquaculture in Virginia is one of the most
environmentally conscious and npositive food systems the Commonwealth has to offer. Shellfish
farmers tend to be staunch stewards of the environment theyk in, as their livelihoods are directly
impacted by the health of the waterways from which they draw their sustenance and personal
satisfaction. A healthy aquaculture product is just one part of a broader coastal ecosystem, and
aquaculture operations ttoughout Virginia are striving to create a healthier environment to the benefit
of all flora and fauna found within.

QLIMATEOFVIRGINIA
Clay Ferguson, VA Dept. of Wildlife Resources

+ANBAYAlIQa GNBYSYR2dza 0A2RAQOSNEAGE Aa SylofSR oeé

temperature and precipitation patterns result in six distinct climate regions withirGdmmonwealth,
labelled easto-westin Figure 3.12as:1) Tidewater, 2) Eastern Piedmont, 3) Western Piedmont, 4)
Northern, 5) Central Mountain, 6) Southwestern Mountain. Some of this climatic diversity is explained
0 € + A NdHEefrgedparQrilatitade, measured from thdorth Carolina border to the northernmost
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piked corners that help shape parts of Maryland and West Virginia. But political boundary lines alone
cannotexplainth€2 YY2y ¢Sl f 6 KQ&a NBIAz2ylfte SEOSLIA2ylf OfAY
YARRI &4 GKIG NARGIE Cf2NARIFIQa KSIFG FYyR KdzYARAGE O
a pleasantly moderate New England summer day in the high terrain @dahthwestern Mountains.

Likewise, winter nights in the Central Mountain region can rival the bitter, blustery cold of a Chicago

blizzad, while at the same timeregister calm, welbbovefreezing conditions in the Tidewatezgion

¢tKS flIyR YR gl GSNROILIS FSIGdzNBa GKIG SyaSyRSNJ adz
includet ANAAY Al Qa4 RAGSNES (2L INILIKEX YIAYflFYyR 2NASy
influential physiographic features.

Virginia

e

Figure3.12 ¢ The six distinct climate regions of Virginia, according to the National Weather Service: 1) Tidewater 2) Eastern
Piedmont 3) Western Piedmont 4) Northern 5) Central Mountain 6) Southwestern Mountain.

¢tKS OfAYIGS @FNAIFoftSa RSAONAOGSR Ay (KAa OKIF LI SNI LI
as determined through data collected across the state from 12@0 and published by the National
hOSFYAO | yR ! (Y2 4L S NXddter'forRBA%irgninéntalNdfotmatry. Qthoudhthd A 2 y |
shifts and trends that are evident across this merey8@r period are useful for predicting climate

conditions into the future, a later chapter will explore in greater depth how and at what rate

environmeral OK y3S KIFa yR Ada SELISOGSR G2 O02yiGAydsS &KAT
adzoaSljdzsSyid aStSOGAGBS LINBaadiaNBa 2y ANBAYAIFIQa Ff 2N
Wildlife Action Plamevision, the climate conditions described below will be considered normal for the

state.
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Precipitation and Storm Patterns

Precipitation does not hydrate Virginia evenly. Several-kighation summits and mountain sides

average more than 70 inches lafuid-equivalent precipitatiorS  OK & S+ NE G LI NJ 6A GK Y
tropical Congo Region. On the other hand, some central and western regions of the state, including

valleys directly adjacent to the wettest summits, receive only half that volume of precipitation in the

average yearln those drier regions of thGommonwealth, moisture profiles more closely match the

annual precipitation patterns for the serarid state of Nebraska. When averaged statewide, Virginia

receives over 45 inches of precipitation every year with no distinct dry season, although monthly

precipitation totals are about an inch greater than the annual mean from late spring through early fall
(Figure3.13)

Temperature & Precipitation (1991-2020)

Virginia (Annual Precipitation: 45.4 inches)

96 °F 4.8 inches
84 4
72 3.2
60 2.4
48 1.6
36 0.8
24 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Precipitation — Max Temperature — Min Temperature

Figure3.13¢ National Oceanic and Atmospheric Administrations calculated normalizedy8&8@r period climate data for the
state of Virginia. Temperature curves, like precipitation bars, reflect monthly averages in maximum and minimum daily
temperatures.

AsFigure 314illustrates, some years deviate significantly from theidéh averages a result of
widespread flooding or droughts. Year-year vagaries in precipitation maintain dynamic pressures on
+ANBAYAI Q4 $§02428aG8vyaz FROHyGIaIAy3 aLISOASE GKIG O
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January-December Precipitation

Virginia, Avg (1979-2022): 44.7 inches
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Figure3.14 ¢ Statewide precipitation averages over the past 43 years. Climate toolgdniversity of California.

Regional disparities in precipitation can be attributed largely to the size, location, and orientation of
+ANBAYAI Qa4 Y2dzyldl Ay NIy3ISaszs NAGSNI adadSvyaszs FyR 02
to influence precipitation patterns acrossedtlstate, since the plurality of storms entering Virginia in the

average year move west to east, guided by the Cotislisen jet stream. These continental storms grow

with the merging of warm, evapotranspiratidiled air from the Gulf of Mexico and Missippi River

Valley, and as they approachti2 YY 2y g S| f 6 KX Y2A &

FANI Aa

A = 4 A x

westernflank Figure3.15). Water vapor subsequently cools in the upper atmosphere and condensates
in mass, inducing heavy precipitation. This topograghiyen phenomenon is referred to as orographic
precipitation and explains why faouthwest Virginia is consistently one of thetter regions of the

state. Over the past 30 years, parts of Lee and Wise County have averaged more than 55 inches of
precipitation annually, with years of 60 plus inches occurring roughly 25 percent of theNit?eA NCEI

Normals Mapper.
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Figure3.15¢ Elevation map of Central Appalachia, with key landmark features centered in Virginia. BRM = Blue Ridge
azdzylilAyazr {x+ I' {KSylyR2IK xlfftSex aw I' az2dzyd w23aSNB 6xANHAY
and West Virginia. Sourced fro Bailey 2016
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and western Piedmont terrain where they mix with warmer surface air that stifles condensation and

resultant precipitation. With these easteiadvancingveather systems, eastesfiacing mountain slopes

FNB &FAR G2 0SS Ay GKS Y2dzyGlAyQa NIAY &aKlFIR2gI 2NJ
fraction of what fell on the western, windward mountain sides. The typically weakened and fragmented

fronts continue their eastward journey across the Piedmont where they slowly regain precipitation

potential by warming and rising higher in the troposphere, again where cooler air excites condensation.

Fed steadily by an infusion of evapotranspiration comingoffNBA YA Q& NAGSNI I yR NA LI
tend to follow major rivers like the James and Rappahannock as they meander east towards the

Chesapeake Bay and Atlantic Ocean. If this pattern sets in during the summer, when evapotranspiration

rates peak, aras of the Piedmont most distant from major river systems can fall into periods of intense

drought. These droughts can extend into figastalPlain butfronts typically reassemble by thamwith

moisture supplements from the exceptionally humid coast.

Nevertheless, the eastern flank of the Appalachian Mountains, specifically the edfasténrg Blue Ridge

mountains, consistently register the greatest annual precipitataials Figure3.16). This is because

the occasional storms, fronts, and systems tracking north from over the Gulf of Mexico or Atlantic Ocean
FNBE NBaLRyaAaoftS F2NJ20SNIKFIfF GKS adrisSQa LINBOALR
coastal southeast and abuts the eastern BRidge escarpment, heavy orographic precipitatio
O02YYSyOSaod azail -gdord#obdif dvghts haleioccKriedvihénaa trong oceanic

storm stalled out against the eastern Blue Ridge. Such incidents have resulted in the dramatic reshaping

of river channels within their floodplagor the sloughing off of entire hillsides via mud slides. Historic

events like these can be particularly perilous for SGCN with confined distributions or heightened
vulnerabilities and is why much focus is gitemeto increasingly extreme precipitation events.
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Figure3.16 ¢ Normalized, statewide precipitation totals map. PRISM climate group.

In the average year, oceaourced precipitation more than makes up for the precipitation that the

P LILI £ F OKALFY az2dzyGl Aya R Sexdept@r$he valepsEhatyirk bodredy & G S Ny
mountains both to their west and east. As was noted by Hayden and Michaels in a previous Virginia

climate summary20110 Jw]hén the [air]flow is from the west, the New River and Shenandoah River

valleys are in the rain shadow of the Appalachian Mountains; when the airflow is from the east, they are

in the shadow of the Blue Ridge Mountains. As a result, both the New Riveheusthénandoah River

valleyss N G KS RNARSadG LR2NIA2ya 2F GKS adrdasSzé¢ F@SNY IA
because the respective rivers flow north through both valleys, when occasional storms line up with the
NAPSNDRa RANBOGAZY | YR ReBrildr cukrghts Bredick®ls do@navhere2 ¥ (1 K S
condensation is less conducive. While some degree of drought is expected in these valleys each year, it

is also normal for at least some other region of the state to endure a similar drought each year. And

while droughts can strike anywhere, historic regional larsg practices, particularly industrial timbering

and farming, alter evapotranspiration cycles and have been increasingly linked to drought proneness in
place and downwind\arengo et al. 2018 Increased adoption of larstewardship practices aimed at

improving the watetholding capacity of soils ateelping but progress is difficult to discern amidst

simultaneous growth in industrial land development. Like industrial farming, rapid expansion of
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