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Introduction

Wetlandsareknownto bevery vauablee ementsin
alandscape. They provideanatural capacity to
improvewater quality, trap sediments, moderate
floods, recharge groundwater supplies, provide
habitat, and create aesthetic and recreational
amenities

TheU.S. Fishand Wildlife Service' sNationa
WetlandsInventory Program (NWI) recently
completed al of the morethan 800 mapsrequired
to cover Virginia. The NWI mapswetland typeand
location using high dtitudeaeria photography.
Wetlandsareidentified by trained photointerpreters
and recorded on United States Geol ogic Survey
topographic quadranglesat a1:24,000 scale.

Despitetheintensive nature of the NWI mapping
effort, itisstill not a100% accurateinventory of
wetlands on thelandscape. Thisisbecause some
typesof wetlandsare extremely difficult to detect
from agria photographs. Ingeneral, small forested
nontida wetlandsaremost difficult to detect, and
therefore, NWI mapsaretypicaly aconservative
estimate of the number and extent of thesewetlands
inan area(National Wetlands|nventory, Stolt and
Barker 1995, Bernert et al. 1999).

When mapping wetlands, NWI usesaclassifica-
tion syslemwhichidentifieseach wetland asone

of four types: Estuarine, Lacustrine, Riverine, and
Pdustrine.

Estuarine wetlands are those associated
withtidal waters. InVirginia, thesearethe
wetlands subject to the Tidal Wetlands
Actimplemented by theVirginiaMarine
Resources Commission and local wet-
landsboards.

Lacustrine wetlands are those associ-
ated with lakes, generaly inshalow
watersaround the periphery.
Riverinewetlands arethosefound within
the banksof riversand streams.
Palustrinewetlandsincludeall nontidal
wetlands on thelandscape outside of
lakes, riversand streams. Palustrine
wetlandsincludetheriparian wetlands
found next to riversand lakes, and they
includetheisol ated wetlandsfound away
from any surfacewatercourses.

Based onthe NWI mapsof Virginia swetland
resource, thereare approximately 1.2 millon
acresof vegetated wetlandsin the Common-
wedlth. Approximately 1 million of theseacresare
nontidal Palustrinewetlands(Table ).




Isolated Wetlands

| sol ated wetlands are wetlandsthat are not part of
or adjacent to asurfacetributary system of
interstate or navigable watersof the United States.
Thesewetlandsaregeneraly valuedfor both
habitat and water quality functions. For instance,
theability to providesuitablewildlifehabitat isan
important function of isolated wetlands, and for
some speciesof amphibians, separationfrom
continuoudy inundated areasisessentia
(Semlitsch 1998, Semlitsch and Bodie 1998).
Water quality functionsaregeneraly present due
to ground water connectionsbetweenisolated
wetlandsand surface waters (Winter 1988, Mitch
and Gosselink 1993, National Resource Council
1995).

A Geographic Information System (GIS) andysis
of theNWI mapsfor Virginiawas undertaken to
estimatetheextent of isolated wetlandsin the
Commonwedlth. The procedureisdescribedin
detail inAppendix |. Theresultsof theGIS
analysissuggest that there are approximately
93,000 acres of isolated wetlands or approxi-
mately 8% of the vegetated wetlands mapped by
NWI inVirginia(Table1).
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Headwater Wetlands

Headwater wetlands arewetlandsof nontiddl rivers,
streams, and their lakesand impoundmentsthat are
part of asurfacetributary systemto aninterstate or
navigablewaters of the United States upstream of
thepoint ontheriver or stream at which theaverage
annua flow islessthan five cubic feet per second.

Headwater wetlands arelocated in the upper
reaches of watersheds. Theseare wetlandsthat
intercept and modify runoff and shalow groundwa:
ter entering streamsthat flow into theriversand
estuaries of the Commonwealth. They areconsid-
ered particularly important for their potentia role
inwater quality management. M ost organic matter
isintroduced inwaterwaysfrom upland sourcesin
headwater areas. Organic matter isreducedinsize
by biologica activity and travelsdownstream.
Accordingly, headwater wetlands set the nutrient
state of larger downstream systemsand arethefirst
stepintreating water moving from theuplandsto
streams. Disturbance of headwater wetlandswill
affect water qudity proportionately morethan
disturbance of wetlandsfurther downstream
(Peterjohn and Correll 1984, Cooper et a. 1987,
Brinson 1993). Headwater wetlands al so serve
important rolesin moderating storm runoff and
providing habitat.

A GlSanaysisof theNWI mapsfor Virginiawas
undertaken to estimate the extent of headwater
wetlandsinthe Commonwedlth. Sinceflow volumes
arenot availablefor most streamsin Virginia, we
have used stream order classification asasurrogate.
Stream orders are determined (according to the
Strahler method) by classifying the smallest peren-
nia streamsasfirst order streams. Wheretwoffirst
order streamscombine, asecond order streamis
created, and so on through higher ordersasstreams
and riversflow tothe ocean. After reviewing stream
order mapsfor Virginia, we concluded that first and
second order streamsweremost likely to beat or
below the 5 cubic foot per second criterion. The
detailed GI S procedureisdescribedin Appendix 1.
Theresultsof the Gl Sanalysissuggest that there
areapproximately 387,450 acres of vegetated



nontidal wetlands associated with first order
greamsinthe Commonwesdlth. Therearean
additional 128,086 acres associated with second
order streams. Collectively thisrepresentsapproxi-
mately 43% of all the NWI mapped vegetated
wetlandsinVirginia(Table?2).
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Appendix |

Analytical Protocols for Determining the Distribution
and Abundance of Isolated and Headwater Wetlands
inVirginia

Introduction

Thefollowing two anayseswere performed to
calculateisolated and headwater wetlandswithin
Virginia. Analyseswereperformedusing ESRI’s
Arclnfo®geographicinformation system (GIS)
software. Specific protocolswererequiredto
analyzeavailable GISdata. These protocolswere
based on an understanding of wetlands, hydro-
geomorphic processes, and spatia datainterpreta
tion. Most proceduresarewrittenin Arc Macro
Language (AML) code, Arc/Info’snative program-
ming language. Processing wasdoneonaUunix Sun
Ultra10 workstation and adesktop PC witha
Pentium 4 processor.

Procedure for Calculating
Isolated Wetlands

Thedistribution and abundance of isolated paustrine
wetlandsin Virginiawas computed using Geo-
graphic Information Systems(GIS) and available
statewide Gl Sdata. For thisanalysis, anisolated
wetland isdefined asany wetland that does not have
adirect or indirect connectionto surface hydrogra-
phy. A wetland with anindirect connection isdefined
asawetland contiguousto another wetland(s)
intersected by surface hydrography.

Theandysisintegratestwo principal datasets. Fird,
digital Nationa WetlandsInventory (NWI) dataat
1:24,000 scale delineates boundaries of all wet-
lands. Second, hydrography datacreatesthe
surfacewater stream network. The newest National
Hydrography Dataset (NHD), availablefor 75% of
thestate, and Digital Line Graph (DL G) hydrogra-
phy datawere combined to generate the best
statewide stream network possible. Both datasets
arepublished at 1:24,000 scale. The NHD data,
distributed in 8-digit hydrographic catal oging units,

were appended into hydrographic drainagesusing
the append tool provided onthe NHD web site.
Selectingfromthe NHD attributelist, thehydrogra-
phy network for thisanalysiswas compiled to
includeonly arc FTY PE itemsequal to stream/river
or cand/ditch, and polygons coded |ake/pond,
reservoir, sream/river, playa, cana/ditch, or seal
ocean. Selected itemswere converted to shape
fileformat. ShapefileswereconvertedtoArcinfo
coveragesand projectedin UTM zone 18/NAD
83.

DL G datawas substituted for areasswhereNHD is
not available. DLG dataisdistributedin SDTS
(Spatial DataTransfer System) format in 1:24,000
scalequadrangles. Each quadrangle was converted
toanArclnfo coverage. Thesewerethen ap-
pended into one coverage. Fromthe DL G at-
tributes, arcscoded asclosureline, processing line,
shoreline, gpparent limit, or “outlineof aCarolina
Bay” wereexcluded from the surface water net-
work coverage. DL G polygonscoded asmarsh,
wetland, flats, or sounding datum werea so ex-
cluded.

A seamlessNWI coveragewas generated by
appending and edgematching 816 quadrangles
downloaded from the United States Fish and
Wildlife Service's(USFWS) NWI web site. The
most recent compilation of datasetsas of October,
2002 were used. Asthisreport was prepared no
additional datawerereleased. NWI datawere
spatially clipped for analysisto theboundariesof 17
different drainagearess.

Theisolated wetland anaysisincludesfour main
steps. Thefirst step dissolves shared boundaries
between contiguouswetlands by assgning anew
itemtothewetland coverage, and coding all
“wetlands’ avalue=1, and“ uplands’ avaue=0.



The“DISSOLVE” command removesshared
boundariesbetween dl polygonswith the same
value. Linear wetlands (arcs) fromthe NWI
coveragewere buffered by 2m/sideto create
polygons. Thesewerealso recoded and dis-
solved inthe samemanner. A finad dissolved
wetland coverage combinesthedissolved origina
polygona wetlandswith thedissolved linear
wetlands.

The second step developsasurface water
network coveragefor each drainagearea; 17
drainageareasinall. Thirteen drainageareasare
derivedfromNHD, threeare DL G based and
oneisamix of NHD and DLG. They include
arcsand polygons. All arcsand polygonsare
buffered 2m to account for some mapping errors
inherent inthe datasets. Where polygon buffers
(e.gbuffersaround |akes) overlap arc buffers
(e.g. buffersaround streams) the“ UNION”
commandisusedtojointhem. The“DIS
SOLVE" command removes shared boundaries
to form oneinterconnected surface water net-
work.

Thethird step searchesfor wetlandsthat do not
overlap the surfacewater network. Thisstep
overlaysthewetland and surface water cover-
ages. Any wetland intersected by hydrography is
tagged with anew item named “ adjacent”.
Wetlands not designated “ adjacent” are coded
“isolated”. Atthistime, however, thetype of
wetland can not bedistinguished.

Thefourth stepintheanadysisrestoresorigina
NWI attributesto thefinal coveragesoa
wetland’ stype (e.g. PEM, PFO) can again be
determined from thedataset. Thisinformation
was|ost when the boundaries between individual
polygonsweredissolved. Torestorethisinfor-
mation to the attribute tables, the dissolved NWI
coveragewas unioned with theoriginal NWI
coveragesclipped for drainage areas.

Findly, thedistribution (acres) of isolated veg-
etated pal ustrinewetlands (pal ustrine emergent,
palustrineforested, pa ustrine shrub-scrub) were

computed onthebasisof drainagearea(Table 1).
Theareaof al linear wetlandsiscomputed based
onthearclength multiplied by aconstant =5
meters.

Procedure for Calculating
Headwater Wetlands

Theobjectivesof thisprocedurewereto identify
and compute the abundance of headwater wetlands
inVirginia. Forthisanalyss, headwater wetlands
aredefined asany wetland that isintersected by
first or second order streamsonly. The Environ-
mental Protection Agency’s(EPA) digita RF3
stream network was appliedinthisprocedure.
RF3 datausesthe Strahler stream order classifica-
tion system. The NWI datawere used for wetland
boundaries. Theanaysswasperformed ondata
clipped to the 1:250,000 scale USGS block
boundaries.

Both polygonal and linear wetlandswere used.
Linear wetlandswerenot bufferedinthisanaysis.
From the statewide coverage of NWI data, only the
following classeswereconsderedinthisandysis:
PFO, PEM, PSS, R*EM, and L2EM*, where*
can be any character or set of characters. All other
wetland areaswere eliminated from consideration.
Step oneinthisanalysisusesthe® SELECT”
command to extract wetland polygonsand arcsthat
belong only to these selected types.

Step two diminatesal wetlands (polygonsand
arcs) associated with high order streams (stream
order=3). Asaruleinthisanaysis, if awetlandis
intersected by multiplestreamsof different orders,
thewetland isassigned to the higher order stream.
The"RESELECT” commandwiththe* OVER-
LAP’ optionisused to eliminateawetland inter-
sected by afirst order stream and athird order
stream. The“DISSOLVE" command alows
clustersof polygonsto beanayzed asasingleunit.
If acluster of contiguouswetland polygonsintersect
ahigh order stream at any point, al individua
wetlandsinthat cluster areeliminated. The
“RESELECT” commandwiththe*OVERLAP”
optionisused againto determineif individual



membersof the clustersareintersected by headwa
ter streams. If so, those polygonswill remaininthe
andyss.

Theremaining wetland polygonsare coded aseither
a first order headwater wetland or asecond order
headwater wetland. Again, the*RESELECT”
commandwiththe* OVERLAP’ optionisusedto
determineintersection. If awetlandisintersected
by both first and second order streams, the polygon
iscoded asecond order headwater wetland. In
addition, if acluster of contiguouswetlandsintersect
afirst or second order stream, all individua wetland
polygonsin the cluster are considered headwater
wetlands and are assigned to the order of the

intersecting stream. However, if acluster of con-
tiguouswetlandsintersect both afirst and second
order stream, dl wetlandsinthe cluster areassigned
to second order, except for theindividual wetland
that directly intersectsthefirst order stream. This
individua member will be coded afirst order
headwater wetland.

Linear wetlandswere also classified asheadwater
wetlandsif they intersect first or second order
sreamsaso. A first order linear headwater wetland
isonethat intersectswith afirst order stream. A
second order linear headwater wetland isawetland
intersected by asecond order stream or by both
first and second order streams.

Headwater Palustrine forested wetland.



Tablel. Isolated Wetlandsin Virginia

Vegetated Wetlands in Virginia by Watershed (area in acres)

Vegetated Wetland Type Wetland Isolated % of Total

Drainage Palustrine  Lacustrine Riverine Estuarine | Total Area Wetland Area Wetland Area
Appomattox River 52,429 13 6 0 52,448 1,763 3
Ararat River 29 0 0 0 29 9 29
Atlantic Ocean 20,890 0 0 85,723 106,613 2,226 2
Big Sandy River 96 0 0 0 96 10 11
Chesapeake Bay 101,404 1 0 50,126 151,531 17,153 11
Chowan River 386,560 10 0 11,812 398,382 26,996 7
Clinch River 1,018 0 0 0 1,018 335 33
Holston River 639 0 0 0 639 130 20
Lower James River 111,651 21 187 17,458 129,317 18,630 15
Lower Potomac River 59,840 31 277 4,152 64,300 4,603 7
Middle James River 33,301 0 0 0 33,301 2,166 7
New River 1,870 0 0 0 1,870 571 31
Rappahannock River 56,798 12 97 10,262 67,169 5,376 8
Roanoke River 59,934 86 0 0 60,020 3,002 5
Upper James River 2,782 0 0 0 2,782 766 28
Upper Potomac River 5,025 3 0 0 5,028 1,779 35
York River 100,368 44 0 15,704 116,116 7,567 7

TOTAL 994,634 221 567 195,237 1,190,659 93,082 8

Table2. Headwater wetlandsby water shed, wetlandstype, and stream order (areain acres)

Palustrine Lacustrine Riverine

Watershed 1storder 2" order 1storder 2" order 1s'order 2™ order Total Area
Lower Potomac River 20,029 9,716 1 20 31 93 29,890
Upper Potomac River 798 363 3 0 0 0 1,164
Chesapeake Bay 56,087 8,253 0 0 0 0 64,340
Atlantic Ocean 12,417 1,065 0 0 0 0 13,482
Rappahannock River 19,515 9,799 0 12 54 0 29,380
York River 26,494 16,646 42 0 0 0 43,182
Lower James River 42,617 13,274 20 0 26 15 55,952
Middle James River 5,849 7,829 0 0 0 0 13,678
Upper James River 507 238 0 0 0 0 745
Appomattox River 10,840 10,334 13 0 0 6 21,193
Chowan River 181,221 39,062 7 3 0 0 220,293
Roanoke River 10,056 10,928 0 0 0 0 20,984
Ararat Rover 6 0 0 0 0 0 6
New River 531 197 0 0 0 0 728
Holston River 247 104 0 0 0 0 351
Clinch River 210 233 0 0 0 0 443
Big Sandy River 26 45 0 0 0 0 71

TOTAL 387,450 128,086 86 35 111 114 515,882
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