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EXECUTIVE SUMMARY

The North Carolina Coastal Region Evaluation of Wetland Significance (NC-CREWS) is awatershed and landscape-based
wetlands functional assessment model that uses Geographic Information Systems (GI S) software and Gl S-based datato assess
thelevel of water quality, wildlife habitat, and hydrol ogic functions of individual wetlands and the potential risk to watershed
integrity if those wetlands were “lost” by evaluating 39 separate characteristics of the wetland and its watershed.

NC-CREWS usesahierarchical structureinwhichindividual parameters are combined to produce an overall wetland rating
that indicates each wetland’s functional importance. NC-CREWS produces 3 possible overall wetland rating scores:
Exceptional Significance, Substantial Significance, or Beneficial Significance. Using GlSanalysis, aHigh, Medium, or Low
rating isassigned to each of the 39 parametersthat describe the landscape and internal wetland characteristics. The parameter
ratings are successively combined to produce ratings (H, M, or L) for subfunctions and primary functions. The primary
functions are combined to form an overall wetland rating of the wetland’ s ecological significance.

NC-CREWS was primarily developed during the Carteret County Wetlands Advance Identification (ADID) project. The
Carteret County Wetlands ADID project was funded by the Environmental Protection Agency under the authority of the Clean
Water Act 8404. The mission of the Carteret County ADID project wasto provide information and planning tools for the
protection of wetland resources in Carteret County, North Carolina for use by wetland property owners, industrial,
commercial, and residential devel opers, non-profit organizations, forestry and agricultureindustries, and local, county, state,
and federal government agencies. NC-CREWS was one of the many tools developed during the ADID project.

Local, state, and federal agencies, citizens, and organi zations contributed throughout the design of NC-CREWS. Thefedera
and state agenciesthat review 8404 wetland permit applications were involved in the project. The primary federal agencies
involved were the US Environmental Protection Agency, US Army Corps of Engineers, National Marine Fisheries, and US
Fish & Wildlife Service. The primary state agencies involved were the Division of Water Quality, Division of Parks and
Recreation, and the Division of Coastal Management.

**Note: This document was originally published in May 1999. It has been reformatted and edited for the web and color
figureshave been added to enhancereaders understanding of the NCCREWS procedure. Some additional text hasal so been
added as clarification. Hardcopies of the 1999 document can be requested from DCM, but they will not include these
additional figures or text. Also, this mapping procedure has been extended into the North Carolina Inner Coastal Plain
counties so that a total of 37 counties have been evaluated. Thisdocument focuses on the project originally confined to the
20 Coastal Counties, but the methods used for the Inner Coastal Plain were not changed.



ACKNOWLEDGMENTS

Numerous organizations, agencies, and individual s gave their time and effort to devel op the North Carolina Coastal
Region Evaluation of Wetland Significance (NC-CREWS) model and report. Most of NC-CREWSwas devel oped during the
Carteret County Wetlands Advance [ dentification Project. Dr. Mark Brinson of East CarolinaUniversity, Dr. Robert Evans
of North Carolina State University, Dr. Christopher Craft of the Jones Ecological Research Center, Dr. Hans Paerl of the
University of North Carolina Institute of Marine Sciences, and Dr. Gordon Thayer of National Oceanic and Atmospheric
Administration’s National Marine Fisheries participated in the Carteret County Wetlands Advance Identification (ADID)
Technical Support Team that contributed greatly in providing assistancein the original development of the wetland mapping
and NC-CREWS eval uation methodol ogies.

The Carteret County ADID Project Team consisted of Rosalind Maoore, Eric Hughes, Lee Pelgj, and Jennifer Derby
of the US Environmental Protection Agency, Wayne Wright and Scott Mclendon of the US Army Corps of Engineers, Larry
Hardy and Don Field of NOAA’sNational Marine Fisheries, Kevin Moody of the USFish & Wildlife Service, John Dorney,
Cherri Smith, and Pete Colewell of the North Carolina Division of Water Quality, Laura Jonesof the North CarolinaDivision
of Water Quality Wetlands Restoration Program, Linda Pearsall of the North Carolina Natural Heritage Program, and Jim
Stanfill, Kathy Vinson, and Lori Sutter of the North CarolinaDivision of Coastal Management. The Carteret County ADID
Projlect Team was responsible for overseeing the development, revigw, and implementation of the Carteret County ADID
Projlect, which included NC-CREWS and its corresponding documefitation.

Jim Stanfill, Jim Wuenscher, Lori Sutter, Christopher Bruge, and Mac Haupt of the North Carolina Division of
Coagtal Management each wrote sections of the NC-CREWS documeft. The Division of Coastal Management’ s Greg Meyer,
McGuire, Christopher Bruce, Chase Barnard, Lori Sutter, Jinp Stanfill, Brian Bledsoe, Steven Stichter, and others
contributed to the development of the Geographic Information Systgm and Arc Marco Language programming that were
essential to the successful completion of the Carteret County ADID froject. Mike Wood, Cherri Smith, Mac Haupt, Lori
Sutter, Lonnie N. Shull 111, Jim Stanfill, and Brian Mitchell each spenf hundreds of hoursin thefield evaluating the accuracy
of the Wetland Functional Significance Maps produced using NC-CREWS.

We would also like to collectively thank the citizens, irferested organizations and agencies and others that
contributed throughout the development of NC-CREWS. The supporf, cooperative effort, and assistance of al the partieshas
made NC-CREWS aval uable, comprehensive wetlands assessment tdpl that will be useful for al personsinterested in wetland
fungtion evaluations.







INTRODUCTION S eCtiOIl 1

Context

The coastal areaof North Carolinaencompasses twenty counties and more than 9000 square miles of land area, or about 20 percent
of the state. It also includes more than 87 percent of the state's surface water. The North Carolina Coastal Management Program (NC
CMP) isresponsible for managing this area to meet the goals set forth in the Coastal Area Management Act (CAMA - NCGS 113A,
Article7). Thesegoalsprovide abroad mandate to protect the overall environmental quality of the coastal areaand to guide growth and
development in amanner " consi stent with the capability of the land and water for development, use, or preservation based on ecologica
considerations” (NCGS 113A-102(b)(2)).

Much of the North Carolina coastal area is occupied by wetlands, which, in many areas, comprise 50 percent or more of the
landscape. These wetlands are of great ecological importance, in part because they occupy so much of the area and are significant
components of virtually all coastal ecosystems, and in part because of their relationshipsto coastal water quality, estuarine productivity,
wildlife habitat, and the overall character of the coastal area.

Historically, approximately 50 percent of the original wetlands of the coastal area have been drained and converted to other land
uses (Hefner and Brown, 1985; Dahl, 1990; DEM, 1991). Although agricultural conversion, thelargest historical contributor to wetlands
loss, has largely stopped, wetlands continue to be lost as they are drained or filled for development. Conflicts between economic
development and wetlands protection continue to be amajor concern, with many coastal communities consi dering wetlands protection to
be amajor barrier to needed economic development.

Since wetlands are such adominant part of the coastal landscape and are vitally important to many aspects of the area's ecol ogy,
their management and protection is a mgjor concern of the NC CMP. Salt and brackish marshes, or "coastal wetlands' as they are
referred to in law and administrative rules, are stringently protected by the State Dredge and Fill Act (NCGS 113-229) and the CAMA
regulatory program. Coastal wetlands are designated Areas of Environmental Concern (AECs), with the management objective "to give
highest priority to the protection and management of coastal wetlands so asto safeguard and perpetuatetheir biological, social, economic
and aesthetic values; and to coordinate and establish a management system capable of conserving and utilizing coastal wetlands as a
natural resource essential to the functioning of the entire estuarine system” (15A NCAC 7H .0205).

Non-tidal, freshwater wetlands, on the other hand, have not been specifically protected under North Carolinalaw. Stateinvolvementin
protection of freshwater wetlandsislimited to enforcement of state water quality standards and to the regulatory authority given under
federal lawsfor state agency review of federal permits, in this case 8404 permits granted by the United States Army Corps of Engineers.
Under 8401 of the Federal Water Pollution Control Act (33 USC 1341), aWater Quality Certification from the NC Division of Water
Quality (DWQ, formerly Division of Environmental Management, or DEM) isrequired for a8404 permit to dischargefill material into
wetlands. Section 307 of the Federal Coastal Zone Management Act (CZMA - 16 USC 1451 et seq.) also requiresthat 8404 permitsbe
consistent with the enforceable rulesand policies of theNC CMP. The standardsfor consistency are the “ use standards’ for AECsand
wetland policies stated in the applicablelocal land use plan. Outside of AECs, there are no consistent policiesinthe NC CMPregarding
wetlands. A few local land use plans include policies to protect freshwater wetlands, but most do not.

Wetlands Conservation Plan

TheNC CMP' slack of specific protection for non-tidal wetlandswas recognized in the CZMA 8309 Assessment of theNC CMP
performed during 1991 (DCM, 1992a). During the assessment, it was apparent that both opponents and proponents of wetlands
protection felt that the current system was inadequate. Economic development interests found the 8404 regulatory program to be
unpredictable and inconsi stent, often resulting in the loss of needed economic growth in coastal counties. Environmental interestsfelt
that it allowed the continued |oss of ecologically important wetlands. Asaresult, wetlands management and protection was chosen as
one of the primary program areas in need of enhancement.

The North Carolina Division of Coastal Management (DCM) developed a five-year Strategy (DCM, 1992b) and a three-year
Strategy (DCM, 1997) for improving wetlands protection and management in the coastal area using funds provided under the Coastal
Zone Enhancement Grants Program established by 1990 amendmentsto 8309 of thefederal CZMA. The 8309 Program isadministered
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by the Office of Ocean and Coastal Resources Management (OCRM) in the National Oceanographic and Atmospheric Administration
(NOAA), United States Department of Commerce. Funds provided under this Program, particularly Project of Special Merit awardsfor
fiscal years 1992 and 1993, were used for thework reported here. The work was also funded by aseparate grant from the United States
Environmental Protection Agency (EPA) for a Wetlands Advance Identification project in Carteret County, NC.

Thekey element of DCM's Strategy for improving wetlands protection isthe devel opment of aWetlands Conservation Planfor the
North Carolinacoastal area. The main objective of DCM’sWetland Conservation Plan isto improve the management and protection of
freshwater wetlands in North Carolina. The Plan has several components.

Wetlands Mapping & I nventory

Functional Assessment of Wetlands

Wetland Restoration Identification & Prioritization
Coordination with Wetland Regulatory Agencies
Coastal Area Wetland Palicies

Local Land Use Planning

Theobviousfirst step toward aWetlands Conservation Plan is describing the wetland resource. Thisisbeing accomplished by an
extensive geographic information system (Gl S)-based wetlands mapping program, which has produced GI S data of wetlands by wetland
typefor the entire coastal area. Using the GIS coverage, paper maps can be generated for areas within any boundaries availablein GIS
format.

One of the weaknesses of the 8404 Program is that, for individual permits, it attempts to apply the same rules and procedures
equally to all wetlands, regardless of the wetland type and location in the landscape. Thisapproach can result in permits being granted
for fill of wetlands of high ecological significance or permits being denied to protect wetlands of lesser significance. Either result is
undesirable, since either vital wetland functions or beneficial economic activity can belost. In an arealike the North Carolina coastal
area, where ahigh proportion of theland iswetland, many of the wetlands are vital to the area's environmental agenciesfor usein their
own planning quality, and yet economic stimulation is sorely needed. Thisis an unsatisfactory way to manage the wetland resource.

To help overcome this weakness in the current wetland regulatory framework, the Wetlands Conservation Plan includes an
assessment of the ecological significance of all wetlands to determine which of them are the most important in maintaining the
environmental integrity of the area. This will result in a designation of each wetland polygon in the GIS coverage as being of
exceptional, substantial, or beneficial functional significancein thewatershed inwhichit exists. The procedure by which thisisdoneis
the subject of this report.

The remaining components of the Wetlands Conservation Plan are the means by which the results of the wetland mapping and
functional assessment stepswill be used to improve wetland protection and management. Close coordination with other state and federa
agenciesinvolved in wetlands protection and management has been an important component of the entire effort. Agency representatives
have been involved in the devel opment of the methods used, and the resulting dataand mapswill be provided to the agenciesfor usein
their own planning and decision-making. Policiesfor protection of wetlands of varying functional significance may be proposed to the
NC Coastal Resources Commission representatives to serve as the basis for consistency review of 8404 permit applications. Wetland
maps and functional assessment results also will be provided to local governments for usein local land use planning, and DCM will
work with the local governments to increase local involvement in the wetlands regulatory structure.

Whilethe wetland dataand maps themsel ves are useful for land use planning, restoration planning and hel ping to find sitessuitable
for development, simply knowing where the wetlands are is insufficient information for many purposes. Any areafor which a 8404
permit application isin process has been officially delineated as awetland by the Corps of Engineers. The value of wetland datato the
regulatory review agencies at this stage is limited to determining the relationship of the site to the surrounding landscape mosaic, and
other wetlandsin the area. While, ideally, all wetlands should be avoided in planning development, it is difficult in the coastal areato
avoid wetlands altogether, and virtually impossible to avoid all wetland impacts given current design techniques and econometric
methods.

The results of the functional assessment will provide additional information about the ecological significance of wetlands. This
information will be valuableto wetland regul atory review agenciesin determining theimportanceto an area’ senvironmental integrity of
protecting aparticular site for which apermit tofill has been requested. 1t will enablethe public, planners, devel opers, and managersto
rapidly select suitable classes, types, or categories of activitiesfor each wetland typeto maintain and protect the biological, chemical, and
physical integrity of those ecosystems and the coastal landscape. Where no dternativeexists, anditisdtill clearly inthe publicinterest to
proceed with aproposal, the assessment tool can significantly improve planners’ ability to avoid or minimizesignificant andirreversible
adverse impactsto the valuable wetland ecosystems. Properly matching wetland typeswith the activities permitted, or avoiding impacts
entirely, are vitally important means of ensuring that future generationsinherit functional assemblages and communities of native and
endemic plants and animals. An accurate functional assessment of wetland significance, then, isthe most valuable component of the
Wetlands Conservation Plan.



During its devel opment, the procedure came to be known as the “FAP,” for Functional Assessment Procedure. Intheinterest of
using amore descriptive acronym, for acronyms seem inevitable, thefinal version of the procedureiscalled the North Carolina Coastal
Region Evaluation of Wetland Significance, or “NC-CREWS.”



DEVELOPMENT OF THE

PROCEDURE S@Ctl()l’l 2

Initial Considerations

Certaininitia considerations shaped the approach and methods used in devel oping awetlands functional assessment procedure.
The procedure needed to fit within the context and objectives of the Wetlands Conservation Plan for the North Carolinacoastal areaas
previously described. This context, and the opportunities and limitations it imposed, had considerable influence on the specific
methodol ogies devel oped.

Since we were dealing with alarge geographic areawith many wetlands, it was obvious from the outset that we needed a method
that could be applied to large land areas without site visitsto each individual wetland. Thisruled out the many site-specific functional
assessment methods that have been applied in other contexts. Almost out of necessity, a Gl S-based approach was needed. That meant
the procedure would have to use information available in GIS format and make use of GIS analytical techniques. Since the wetland
mapping on which the functional assessment is based was performed using a GIS, the basic digital data were available.

The primary objective was to produce information about the relative ecological importance of wetlands that would be useful for
planning and overall management of wetlands rather than to serve asthe basisfor regul atory decisions. While not every wetland could
bevisited, the goal wasto predict the significant functionsthat would be determined by adetailed, site-specific method. DCM wanted to
be able to predict in advance what the wetland regul atory agencies would determine awetland's significant functions to be so that the
resulting maps would identify those wetlands where a 8401, 402, 403, or 404 permit or certification might be difficult or impossible to
obtain. Theresulting information would then be useful in determining where devel opment should not be planned, or where certain types
of development are best suited for and compatible with the habitat. Thiswould benefit potential permit applicants by preventing ill-
advised plansthat would not belikely to be permitted and simultaneously serveto protect the most ecologically sensitivewetlands. The
result of the procedure, then, is not a substitute for a site visit in making regulatory decisions, but a predictor of what asite visit would
determine.

A primary consideration was that the procedure be ecologically sound and scientifically valid, based on the best information
available about the functions of wetlands. It needed to be based on fundamental principles of wetlands and landscape ecology rather
than on arbitrary or subjective decisions.

Finaly, the procedure was to be watershed-based because consideration of awetland'srolein itswatershed isthe most scientifically
sound basis for determining its ecological significance and the other components of the Wetlands Conservation Plan are based on
watershed units. Thewatersheds being used are 5,000 to 50,000 acre hydrologic units delineated by the Soil Conservation Service (now
the Natural Resource Conservation Service) as illustrated in Figure 1. There are 348 of these hydrologic units (HUs) in the North
Carolina coastal area. Watershed units of any size, however, could be used without changing the validity of the watershed-based
considerations used in the procedure.

Theseinitial considerations result in asummary definition of DCM’ sfunctional assessment procedure. NC-CREWS isa GIS-based,
landscape-scale procedure for predicting the relative ecological significance of wetlands throughout a region using fundamental
ecological principles to determine the functions of wetlands within their watersheds.

Basic Concepts

A GIS-Based Procedure

The functional assessment procedure is meant to be used with GIS datafor regional application. Itisnot afield-oriented, site-
specific method that involvesvisiting individual wetlands and recording information. A Gl S-based procedureistheonly practical
approach for dealing with alarge geographic area containing many wetlands within alimited amount of time.



Figure 1. Hydrologic Unit and County Boundaries in the North Carolina Coastal Area

This GIS-based approach can make information on wetland functional significance available for broad regions in
advance of specific development plans. The information is then available for planning so that impacts to the most
ecologically important wetlands can be avoided. In this sense, the North Carolina procedure is unique and unlike other
functional assessment techniques that are designed to be used in a regulatory context or that require field data for each
wetland. Since the procedure uses GIS andlysis, it requires digital information in GIS format. GIS data layers used in the
procedure include the following.

(1) wetland boundaries and types

(2) soils data

(3) land use/land cover

(4) hydrography

(5) watershed boundaries

(6) endangered species occurrences

(7) estuarine primary nursery areas

(8) water quality classifications

(9) NC unique natural ecosystem and special
wildlife habitat areas

(10) anadromous fish spawning areas

In the North Carolina coastal area, these data layers either already existed and were available from the North
Carolina Center for Geographic Information and Analysis (CGIA) or were developed as parts of the Wetlands
Conservation Plan. Since most of the data acquisition and digitization was funded by other projects, developing the
necessary GIS databases was not a major cost.

The wetlands coverage was from DCM's GIS wetlands mapping which used digital NWI maps, soils maps, and
land use/land cover layers (Figure 2). The resulting coverage is essentially an expansion and update of NWI maps
with wetland types reclassified to a more manageable system. Specifics of the techniques used are described in a
separate publication (Sutter, 1999).

The soils coverage consists of digitized detailed county soils maps produced by NRCS (formerly SCS) and
digitized by CGIA or NRCS with the partnership of the US Geologic Survey, DCM and the NOAA Coastal Services
Center. The soil series underlying awetland are



ata

L 0 Water

M GIS Wetland D
SRSy ool 4o

;'!‘ - T { % [ 5B Marsh
ARy [ PW Marsh
o Est 8%
3 Pocosin
* I BLH
0 Swamp
HW Flat
_ " i 200 Pine Flat
el . VL o «p [ Mga Pine
—raniie e I EstFor
EANN - : Mrt For
=§:::§" 5 Headwater
W rEMIC: G Bl Human Imp.
FFO418& i
PPO B
3 PPOAE
N FES14BE
N PES1UES s N

W PEE14C

Figure 2. DCM’'s Wetland Type Mapping Overlay Analysis

identified from the soils coverage, and the properties of the series are used to determine soil capacity for facilitating the wetland's
capability to perform various functions.

Theland use/land cover datalayer was produced for the Albemarle/Pamlico Estuarine Study (APES) from interpretation of satellite
TM imagery (Khorram et al., 1992). Itisused to determine land cover and uses surrounding each wetland and in the watershed. Both
unfiltered and five by five pixel filtered data are employed.

The basic hydrography coverage consists of 1:24,000 scale USGS digital line graphs (DLGs) converted to Arc. Since the
functional assessment procedure uses stream order as an indicator of watershed position, stream order according to the Strahler system
was determined manually and added to the attribute files. Additional attributes also were added to the coverage.

As described above, the watersheds used in the procedure are relatively small hydrologic units delineated by NRCS. DCM
contracted with CGIA to havethese boundaries digitized for the coastal area. During the digitization process the watershed boundaries
wererectified to USGS and DEM boundaries of larger sub-basinsto ensure that the HUs could be combined into larger watershed units.

Datalayers produced by the NC Natural Heritage Program are used to identify threatened and endangered species occurrencesand
exemplary or unique natural ecosystems or specia wildlife habitats. The NC Division of Marine Fisheries maintains the coverages of
primary nursery areas and anadromous fish spawning areas. The Division of Water Quality developed water quality classification data
based on 1:100,000 scale hydrography. This was digitized by CGIA with some streams added from 1:24,000 scale data.

Thewaysinwhich these datalayers are used to determine valuesfor various parametersin thefunctional assessment procedureare
complex. The procedure usesthe Arc, ArcPlot, ArcEdit, Grid, and Info modules of ESRI’s ARC/INFO software. The procedures have
been automated using ARC/INFO Arc Macro Language (AML) on aSun Workstation. The AML programs are availablefrom DCM on
reguest for anyone planning to use the procedure elsewhere. Since the assessment procedure was designed for GIS analysis, the choice
and expression of individual parameters has been shaped to some extent by the GI S data available and the capabilities and limitations of
ARC/INFO techniquesand AML automation. DCM wasfortunatein having arelatively large amount of GlSdatareadily available. For
use in other areas, the procedure could be modified to use other GIS coverages, but at least the first five databases listed above are
essential to its basic propositions.



Hydrogeomorphic Classes

The hydrogeomorphic (HGM) classification system for wetlands (Brinson, 1993) classifies wetlands into categories based on
landscape position (geomorphic setting), water sources, and hydrodynamics (direction of water flow and strength of water movement). It
isbeingincreasingly used asthe basisfor wetland classification and functional assessment systems. HGM classification focuses onthe
abiotic features of wetlands rather than on the species composition of wetland vegetation on which most of the moretraditiona wetland
classification schemes are based.

Several features of the HGM classification system makeit auseful starting point for an assessment of wetland functions. Sincethe
HGM system is based on geomorphic, physical, and chemical properties of wetlands, its result is to aggregate wetlands with similar
functionsinto classes. The HGM class of awetland, initself, indicates much about the ecosystem functions of thewetland. The HGM
approach also forces consideration of factors external to the wetland site, such as water source. This helps relate the wetland to the
larger landscape of which it is apart and puts consideration of the wetland’ s functions into alandscape and watershed context.

Three HGM classes are used asthe starting point for NC-CREWS. All wetlands arefirst classified as (1) riverine, (2) headwater,
or (3) depressional/wet flat. Riverine wetlands are those in which hydrology is determined or heavily influenced by proximity to a
perennial stream of any size or order. Over bank flow from the stream exerts considerable influence on their hydrology. Headwater
wetlands exist in the uppermost reaches of local watersheds upstream of perennial streams. Headwater systems may contain channels
with intermittent flow, but the primary sources of water input are precipitation, overland runoff, and groundwater discharge rather than
over bank flow from astream. Depressional wetlands, including wet flats and pocosins, are generally not in direct proximity to surface
water. Whilethey may be either isolated from or hydrologically connected to surface water, the hydrology of depressional wetlandsis
primarily determined by groundwater discharge, overland flow, and precipitation.

The functions of wetlandsin these different HGM classes differ significantly. Riverinewetlandsregularly receive over bank flow
from flooding streams and, thus, perform the functions of removing sediment and pollutants that may be present in the stream water and
providing temporary floodwater storage. Headwater and depressional wetlands cannot perform these functions, sincethey do not receive
overbank flow. Headwater wetlands occur at landscapeinterfaces where groundwater and surface runoff coal esceto form streams. Since
they provide a buffer between uplands and stream channels, headwater wetlands can perform significant water quality and hydrology
functions. While depressional wetlands do not generally perform buffer functions, they often store large amounts of preci pitation and/or
surface runoff waters that otherwise would more rapidly enter streams. Wetlands in all HGM classes can perform important habitat
functions.

Sincethewetlandsin these different HGM classes arefunctionally different, their functional significanceisassessed using different,
though similar, procedures. |f the same procedurewere used for all HGM classes, depressional wetlandswould always be considered of
lower functional significance simply because they are not in alandscape position to perform some of the water quality and hydrologic
functions of riverine and headwater wetlands. Specific differencesin assessment proceduresfor different HGM classeswill be described
in Section 3.

Wetland Types

In additionto HGM classes, wetland typesidentified by dominant vegetation and landscape position are used at several pointsinthe
functional assessment. Thisreflectstheideathat the biological properties of awetland site considered together withits hydrogeomorphic
properties can provide a more detailed indication of its functions than either property taken alone. The HGM class of awetland, asa
broad functional indicator, determines which assessment procedure is used. Within each HGM class and corresponding assessment
procedure, wetland type is used to determine the level or extent of specific parameters.

The wetland types used are those typical of the North Carolinacoastal area. They result from a grouping of the Cowardin (1979)
classes used on the digital NWI mapsinto fewer types with more intuitively obvious type names, such as swamp forest, pocosin, etc. A
list and definitions of the wetland types used isincluded in Appendix A. These wetland attributes are used in the wetland datathat form
the starting point for the functional assessment.

Wetland types are used in NC-CREWS asindicators of functional characteristics. Correlations between wetland type and wetland
functions were determined from statistical analysis of field data from nearly 400 sites. At each site the presence or absence of alist of
functional indicatorswasrecorded. Thefunctional indicatorslistswere devel oped by Dr. Mark Brinson of East CarolinaUniversity, who
served as primary scientific consultant in developing the HGM classification system and the field sampling methodology. Detailsof field
sampling and data analysis are given in Appendix B.

Since wetland types will differ in other geographic areas, their inclusion in the procedure limitsits use in its current form to the
southeastern coastal plain. Adaptation of the procedure for use in other areas would require either extensive field sampling as was
performed in coastal North Carolinaor amore arbitrary clumping of wetland types based on best professional judgment. Other methods
of wetland classification could be used, aslong aswetlands are classified in such away that functional characteristics of thewetland types
are constant and can be determined by field sampling, literature values, and/or professional judgment. The procedure could be applied
directly to NWI polygons if these are the only wetland database available.
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Other Parameters

In addition to wetland type and HGM class, several other parameters are used as indicators of the existence or level of specific
wetland functions. Theseinclude both site-specific parameters, such aswetland size and soil characteristics, and landscape considerations
such aswatershed position, water sources, land uses, and landscape patterns. Valuesfor these parametersare determined by Gl Sanalyses
based on the data layers discussed above. They could be determined manually, but the process would be very labor intensive.

Unlike assessment proceduresthat depend solely on information that can be collected within awetland, this procedurerelies heavily
on factors external to the wetland site itself. Relationships between a wetland and the landscape within which it exists are integral
considerations in determining wetland functional significance. Characteristics of the landscape surrounding a wetland are often more
important determinants of itsfunctiona significance than arethe characteristics of thewetland itself. Of the 39 parametersevaluated in
the procedure, 21 are landscape characteristics, and 18 are internal characteristics of the wetland itself.

While we believe this emphasis on awetland's landscape context is a more ecologically sound approach to functional assessment
than site-specific methods, it requires agreat deal moreinformation than could be collected within the wetland itself. The procedureis
based on GIS data and analysis not only to makeit suitable for regional application, but because GIS provides the most practical way to
analyze the spatial relationships of landscape elements and their properties.

Structure of NC-CREWS

NC-CREWS uses a hierarchical structurein which individual parameters are rated and successively combined until the wetland's
overall functional significanceisdetermined. The complete hierarchical structureisillustrated in Figure 3. It consistsof four levels: (1)
overal functiona significance of thewetland; (2) specific functions; (3) subfunctions; and (4) parameters and subparameters eval uated to
determine the level and extent of functions.

Overall Wetland Rating
[
[ [ |
Water Quality Hydrology Habitat
Function Function Function
— Sub function — Sub function — Sub function
— Sub function — Sub function — Sub function
' Sub function < Sub function ' Sub function
Parameter Parameter Parameter
Parameter Parameter Parameter
Sub parameter Sub parameter Sub parameter
Sub parameter Sub parameter Sub parameter

Figure 3. Overall Hierarchical Structure of NC-CREWS

The objective of functional assessment isto determine an individual wetland's ecological significancein its watershed and in the
larger landscape. The highest hierarchical level, or end result of applying the procedure, then, is the wetland's overall functional
significance or OWR, Overall Wetland Rating. The second hierarchical level includesthethree primary functionsthat are considered in
determining the wetland'sfunctional significance. The overall functional significance of awetland isdetermined by the degreetowhichiit
performs, or has the capacity to perform, specific functions. The broadest grouping of wetland functionsincludeswater quality functions,
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hydrology functions, and habitat functions (Figure 4). Water quality, hydrology and habitat functions and their subfunctions, parameters,
and subparameters are shown in Figures 5 through 7.

Overall
Wetland Rating
OWRO01

[ |
Water Quality Hydrology Rating Habitat Rating
Rating HYFO1 HAFO1
WQF01

Figure 4. NC-CREWS Level Two: Primary Wetland Functions

A wetland’ secological significanceisal so determined, to some extent, by the nature of the landscape and thewater characteristics of
thewatershed in which awetland functions. These factors determine the potential risk to watershed and landscapeintegrity if thewetland
functions were lost. Including a "risk factor" as a basic consideration in ecological assessment can provide a means of considering
cumul ative impacts and the practicality of replacing lost functions through compensatory mitigation. NC-CREWS cal cul ates * Potential
Risk of Wetland Loss’ at the function level, but it isnot used in the automated process to determine the overall functional significance of
individual wetlands. Potential Risk is not used to influence a wetland’s overall functional rating because it is an abiotic function of
wetlands. Instead, Potential Risk isan estimation of the potential loss of function and risk to awatershed if individual wetlands ceased to
continue to perform existing functions. Potential Risk can be used to help determine awetland’ s overall ecological significance in the
watershed. Consequently, Potential Risk is calculated and designed to be used in conjunction with the functional significance ratings.
Wetland managers, local governments, developers, and others who use the results of NC-CREWS are encouraged to consider both the
Overall Functional Significance and the Potential Risk ratings whenever making wetland decisions.

Each of the primary functions and potential risk of wetlandsis actually acombination of separate, more specific subfunctions. Water
quality subfunctions include the removal of nonpoint source pollutants from surface runoff and the removal of suspended or dissolved
pollutantsfrom flooding streams. Hydrology subfunctionsinclude storage of precipitation and surface runoff, storage of floodwater from
streams, and shoreline stabilization. Habitat subfunctionsinclude providing habitat for both terrestrial speciesand aquatic life. Therisk
factor is also determined by several considerationsthat, while not truly wetland functions, are called subfunctionsfor parallelism (Figure
8).

The extent to which awetland performs these different subfunctionsis determined by various properties of the wetland and its sur-
rounding landscape. These properties are called "parameters’ in the NC-CREWS procedure. Parameters make up the levels in the
hierarchical structurethat are actually evaluated based on fundamental ecological considerations. Parameter values, inturn, are combined
to produceratingsfor the various subfunctions. All of the parameters evaluated in NC-CREWS are explained in detail and documented for
scientific validity in later sections of thisreport. The parameters under the nonpoint source removal subfunction of the Water Quality
Function will be discussed here for illustration.

Thefirst parameter determining awetland’ s significance in removing nonpoint source pollutants from surface runoff iswhether the
water contains sediment, nutrients, or toxinsin significant quantities. Thisisevaluated in the“Proximity to Sources’ parameter based on
the land uses surrounding the wetland polygon. If the wetland is surrounded by agricultural fields or developed areas from which
pollutants are likely to enter surface runoff, the wetland’ s potential for removing nonpoint source pollutantsishigh. If, on the other hand,
the wetland is mostly surrounded by natural vegetation from which runoff islikely to be largely unpolluted, its potential for removing
significant pollutantsis low.
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Figure 5. NCCREWS Water Quality Function, Subfunctions, Parameters and Subparameters.

Hydrology Function
Hydrology Function
hyfo1
|
| | 1
Surface Runoff Storage Floodwater Storage Shoreline Stabilization Function
hyfo11 hyf0121 hyf013
Watershed Position Duration of Flooding Proximity to Water Body
— hyf0111 — hyf0121 — hyf0131
Wetland Size Wetland Size Length of Wetland Border
— hyf0112 — hyf0122 — Exposed to Open Water
hyf0132
Site Conditions Watershed Position Watershed Land Use
L hyf0113 — hyf0123 L hyf0133
Width of Wetland Subject
Wetland Type — to Flooding
hyf01131 hyf0124
Soil Infiltration Capacity
hyf01132

Figure 6. NCCREWS Hydrology Quality Function, Subfunctions, Parameters and Subparameters.
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Figure 7. NCCREWS Habitat Function, Subfunctions, Parameters and Subparameters.
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Figure 8. NCCREWS Potential Risk Factor, Subfunctions, Parameters and Subparameters.
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Proximity to Sources is an "opportunity” parameter. That is, it determines whether a wetland has the opportunity to remove
pollutants from surface runoff by considering how likely the runoff water isto be polluted. The other parametersfor this subfunction are
"capacity" parameters that measure the wetland's ability to perform the function if the opportunity is present. Opportunity and capacity
parameters are treated differently in determining a wetland's overall significance. Wetlands are never downgraded in functional rating
because of present lack of opportunity; however, if an opportunity is shown to exist in the present, the wetland may be upgraded. Thisis
discussed in more detail later in this report.

The second parameter considered in determining a wetland's significance in nonpoint source removal isits proximity to a surface
water body. If runoff entering awetland would otherwise directly enter surface water, the wetland's significance asafilter isgreater than if
the wetland is far removed from surface water. In that case, pollutants in runoff could either settle out or be removed by other means
before they enter surface water as pollutants.

The third parameter is the position of the wetland in its watershed. Several studies have documented that headwater wetlands are
most effective in removing nonpoint source pollutants (Leopold et al., 1964; Whigham et a., 1988; Novitzki, 1979). Thus, the model
assumes that the higher in its watershed awetland is located, the higher isits significance in nonpoint source removal.

Thevalue of thefourth parameter, Site Conditions, isdetermined by two subparameters, Wetland Type and Soil Characteristics. By
virtue of their typical microtopography, hydrology, and vegetative structure, somewetland types are more effectivein retaining and filtering
surface runoff than are other types. Some soil series are more effective than othersin retaining and chemically transforming pollutants.
Each of these subparametersisrated, and their values are combined to produce arating for the Site Conditions parameter.

A similar evaluation of specific parametersis performed to derive significance ratings for other wetland subfunctions. Inall cases,
parameter values are determined by GIS analysis based on the datalayers described previously. Some parameters, such asWetland Typein
the nonpoint sourceillustration, are surrogates or indicators of other wetland properties that actually determine the wetland's functional
capacity. Theuse of indicator parameters is necessitated by the limitations of GIS data and techniques.

Evaluation Procedure

The objective of NC-CREWS isto determine an individual wetland's overall functional significance in the watershed in which it
exists. Functional significanceis divided into three broad classes rather than attempting to derive a specific numerical "score." Thisis
partly because of the procedure'sinitial application in an EPA Wetlands Advance Identification (ADID) project performed by DCM in
Carteret County, NC. Standard ADID procedureisto classify wetlandsinto three groups: (1) areasgenerally unsuitablefor the discharge of
dredged or fill material; (2) areas where a project-by-project determination is needed; (3) possible future disposal sitesfor dredged or fill
material.

The three broad classes of ratings that NC-CREWS usesto describe awetland’ sfunctional significance are Exceptional functional
significance, Substantial functional significance, and Beneficial functional significance. The approach of classifying wetlandsinto three
broad functional significance classes is used because it works well with our current understanding of wetland function. Attempting to
assign aspecific value along anumeric continuum of functional significance exaggerates the precision with which current knowledge can
realistically be applied. The three significance classes used in NC-CREWS provide the information necessary to meet the procedure's
objectives without going beyond the realm of reasonable scientific validity for remotely sensed data. Asscientific understanding increases,
however, it is reasonable to expect that specific numerical assignments can be integrated into NC-CREWS.

Asexplained above, the basic evaluation isperformed at the parameter level. A High (H), Moderate (M), or Low (L) valueisassigned
to each parameter as it relates to the performance of the wetland subfunction being considered. For example, if the soils underlying a
wetland have properties that are highly conducive to the function being considered, the Soil Characteristics parameter is rated H; if soil
properties are less conducive to performing the function, the parameter is rated M; and if soil properties are not at al conducive to the
function, the parameter israted L. All individual parameters under a given subfunction are similarly rated.

Theindividual parameter ratings are then combined to give an H, M, or L rating for each subfunction. The subfunction ratings are
combined into a rating of the wetland's significance in performing each of the primary wetland functions. And finaly, the ratings for
primary functions are combined into an overall rating of the wetland's functional significance.

The process of successively combining ratings up the structural hierarchy isthe most complex aspect of the NC-CREWS procedure.
The combining, aswell asthe evaluation of individual parameters, isbased on fundamental ecological principles about how wetlands and
landscapesfunction. Sincetheecological processesthemselvesinteract in complex ways, combining ratingsis much morecomplex thana
simple summation of individua ratings. Some parameters are normally more important than others in determining the level at which a
wetland performsaspecific function and, thus, must be weighed more heavily in determining the combined value. Insomecases, thereare
different combinations of individual parameter ratings that result in the same level of functional significance. Each of the possible
combinations of parameters must then be considered.

12



The automated version of NC-CREWS maintains all of theindividual parameter ratings and combinationsin adatabase. Sincethe
combining processiscomplex, it may not be obviouswhy awetland receives an overal| Exceptional, Substantial, or Beneficial rating. The
database makesit possibleto trace through the subparameter, parameter, subfunction, and primary function ratingsthat result in awetland's
overall rating.

This database also makes it possible to consider specific wetland functionsindividually. For example, in awatershed targeted for
nonpoint source pollution reduction, it might be amanagement objectiveto givethe highest level of protection to wetlands most important
in performing thisfunction. The database makesit possible to examine each wetland for its significancein nonpoint sourceremoval and to
produce a map of wetlands rated according to their significance for this single subfunction.

Individual function ratingsin the database can al so be used to improve planning, impact assessment, and mitigation for devel opment
projects that impact wetlands. If alternative sites are available, such as alternative corridors for a highway, the alternative with the |east
impact on the wetland function considered most important in the watershed can be identified. Rather than simply minimizing acres of
wetland impact, the objective would be to minimize impacts to the most important wetland functions. Environmental assessment of
wetland impacts can identify specific functionsto belost. Mitigation can beimproved by giving priority to siteswith the highest potentia
for performing the same functions.

Detailed proceduresfor evaluating individual parameters and combining them into functional ratingsare explained in later sections.
Here, just thewater quality nonpoint source removal subfunction will beillustrated. Therating system for this subfunctionissummarized
inTable 1.

Four parameters are eval uated to determine the significance of the nonpoint source removal subfunction. Since (d), the Site Condi-
tions parameter, has subparameters below it, it is evaluated first using arelatively simple procedure. |f conditionstypical of the

Parameters
(a) Proximity to Sources
(b) Proximity to Surface Water
(c) Watershed Position
(d) Site Conditions
Subparameters
(1) Wetland Type
(2) Soil Characteristics

Evaluation Procedures
Site Conditions
H Both parameters H
M Other combinations
L One parameter L and neither H

NPS Subfunction

H (a) & (b) H and (d) atleast M OR
(c) & (d) H and (b) at least M

M Other combinations

L Two of (b), (c), & (d) L

Table 1. Summary of Non Point Sour ce Subfunction Evaluation Procedure

wetland type and characteristics of the underlying soil are both highly conducive to removal of pollutants in runoff water entering the
wetland, the Site Conditions parameter isH. If either the wetland type or the soil isnot at all conduciveto pollutant removal and the other
subparameter is no more than somewhat conducive, the Site Conditions parameter isL. Any other combination resultsin an M.

After all the parameters are evaluated, they are combined to evaluate the significance of the wetland in removing nonpoint
source pollutants. There are two combinations that result in the wetland's being evaluated as Highly significant in performing this
subfunction. First, if thewetland is adjacent to both asignificant source of polluted runoff (a=H) and a permanent surface water body
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into which the runoff would flow if the wetland were not there (b=H), and has site conditions that are at |east reasonably efficient in
catching, holding, and removing pollutants from the runoff (d at least M), it receivesan H. Alternatively, even if the wetland is not
adjacent to apollutant source, it receivesan H if it isin the headwaters of the watershed (c=H), site conditions are highly conduciveto
pollutant removal (d=H), and is at |east close to an intermittent stream (b at least M).

Ontheother hand, if any two of parameters (b), (c), and (d) are evaluated L, the significance of the wetland for nonpoint source
pollutant removal isLow. That is, thewetland isevaluated asL for thisfunctionif: (1) thewetland isnot closeto surface water (b=L)
and downstream in the watershed (c=L); (2) the wetland is not close to surface water (b=L) and its site conditions are poor for
pollutant removal (d=L); or (3) the wetland is downstream in the watershed (c=L) and has poor site conditions (d=L).

Any combination of parameter evaluations other than those resulting in an H or L resultsin the wetland being evaluated as of
Moderate significance for removing nonpoint source pollutants. This example is typical of evaluation procedures used for all
subfunctions, which are explained in later sections. More often than not, the eval uation procedures are complex and multifariousin
their reasoning and application. All of them are, however, based on the best avail able scientific understanding of wetland ecol ogy.

Opportunity and Capacity

The concepts of opportunity and capacity for awetland to perform agiven function were briefly discussed above. For awetland
to actually perform afunction it must have both the opportunity and the capacity for the function. In terms of the nonpoint source
example, there must be a source of potentially polluted runoff entering the wetland to provide an opportunity, and the wetland must
havetheinternal capacity to hold the runoff and remove the pollutants before releasing the water. Opportunity to perform afunction
isusually determined by factorsexternal to the wetland, while capacity to perform the function isdetermined by propertiesof thewet-
land itself along with its landscape position.

Since NC-CREWS isalandscape scal e procedure that eval uates the functions awetland performsin relation toitssurroundings,
opportunity parameters are included under essentially every subfunction. A functional assessment that istoo heavily dependent on
opportunity parameters, however, isstatic and will rapidly becomeinvalid asland useschange. A wetland that isbordered by natural
forest today can be bordered by ayoung pine plantation or asubdivision under construction by next year. Thefact that awetland does
not have the opportunity to perform certain functions today does not mean that it will not have the opportunity in the future. If an
assessment of wetland significanceisto remain valid over timein alandscape subject to change, opportunity parameters a one cannot
be determinative.

The evaluation procedure for the nonpoint source subfunction explained above isan example of how NC-CREWS handlesthis
situation. The opportunity for awetland to receive polluted runoff water from surrounding lands (a=H) can result in an eval uation of
H for this subfunction if other properties are also present, but it does not have to be present for awetland to be evaluated H. Other
parameters (c & d=H and b at |east M) that give awetland a high capacity to remove nonpoint source pollutants can also resultinan
H. Conversely, lack of present opportunity (a=L) does not necessarily result in an evaluation of Low significancefor thisfunction. At
least two of the other parameters must be L for the wetland to be evaluated as L.

These conventions hold throughout the NC-CREWS eval uation procedure. A present high opportunity to performafunction can
result in an evaluation of High significance for the function, but high capacity can also result in an H evaluation even if present
opportunity is lacking. Lack of present opportunity alone never results in an evaluation of Low significance for afunction. High
opportunity istreated essentially asa"bonus" consideration that can result in ahigher evaluation for awetland than its capacity alone
would indicate but that will never result in alower evaluation because of its absence.

Overriding Considerations

Several considerationsare of such importancein the North Carolinacoastal areathat their presence alonewill resultin an overall
wetland rating of Exceptional functional significance. These parametersare evaluated first aseither trueor false, and if one or more of
them istrue, the rest of the evaluation procedure is not performed.

The first overriding consideration is whether the wetland is an estuarine wetland. Estuarine wetlands include salt/brackish
marsh, estuarine shrub scrub and estuarine forested wetlands. Each of these wetland types are likely to be located in an Area of
Environmental Concern (AEC) asdefined by the North Carolina General Statutesand Administrative Code. All development within
AECsisrequired to meet state Use Standards and require a Coastal Area Management Act (CAMA) permit prior to devel opment.

Most salt or brackish marshesin North Carolinaa so meet the definition of "coastal wetlands" as set forth in North Carolinastatute
(NCGS 113-229(n)(3)) and rule (NCAC 7H .0205(a)). Coastal wetlandsin North Carolina are designated by law as highly significant.
Consequently, NC-CREWS evaluates them automatically as Exceptional and includes no considerations for differentiating among the
functional significance of these wetland types.
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Estuarine shrub scrub wetlands normally exist in close proximity with salt/brackish marsh wetlands. Because of their buffering
function and close affinity to coastal wetlands, these wetland types are also automatically rated of Exceptional functional significance.
Estuarine Forested wetlands are rated of Exceptional functional significance primarily because these systemsare one of the rarest wetland
types found in the North Carolina Coastal Plain and are typically located in Areas of Environmental Concern.

The second overriding consideration iswhether the wetland is adjacent to an officially designated Primary Nursery Area(PNAS). All
designated PNAsareincluded in Areas of Environmental Concerninthe NC Coastal Management Program and are protected by aspecific
set of regulations. PNAs are areas where initial post larval development of finfish and crustaceans takes place and, thus, are critical to
estuarine fish and shellfish populations. Wetlands adjacent to PNAs are highly important in maintaining water quality and appropriate
salinity gradients in these critical areas and are automatically evaluated as of Exceptional functional significance.

The third overriding consideration is whether the wetland contains threatened or endangered species or includes al or part of an
exemplary or unique natural ecosystem or special wildlife habitat as designated by the NC Natural Heritage Program. If a known
occurrence of athreatened or endangered plant or animal specieson either federal or statelistsis present in thewetland, it isevaluated to
be of Exceptional functional significance. Likewise if the wetland includes al or part of an exemplary or unique natural ecosystem or
special wildlife habitat, it israted Exceptional. The determination isbased on information obtained from the NC Natural Heritage Program.

Verification

Careful attention has been given throughout the devel opment and initial application of NC-CREWSto check and verify itsvalidity.
Parameter evaluations and combination procedures are based on the best wetland science available in scientific literature and extensive
review by ateam of wetland scientists. The validity and accuracy of the GI S databases used to apply the procedure have been verified to
the greatest extent possible. When assumptions are made about wetland ecology, GIS data, or GIS analytical techniques, they are fully
documented in following sections of this report.

An advisory panel of wetland scientistsfamiliar with the wetlands of coastal North Carolinaand representatives of several state and
federal wetland-related agencies have reviewed every step of the procedure's development. The institutions and agencies and the
individuals involved in reviewing and commenting on the procedure are listed in Appendix C. While this does not represent an
endorsement of the procedure or its results by the agencies or individualsincluded, it doesindicate the level of peer review to which the
procedure has been subjected.

During devel opment of the procedure, field visitswere made to nearly 400 wetland sites to gather dataon functional indicators asex-
plainedin Appendix B. On these samesitevisits, afield-based functional assessment procedure, the"Wetland Rating System" developed
by the North Carolina Division of Environmental Management (currently the Division of Water Quality), wasapplied. Thisprovidesthe
basis for a field verification of NC-CREWS. In addition, the Division of Coastal Management is performing an extensive accuracy
assessment funded by agrant from US EPA. Statistical results of this accuracy assessment will be reported in a separate publication after
the completion of that study.
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THE NCCREWS Section 3

Asexplained in Section 2, application of NC-CREWS isahierarchical processinwhichindividual parametersarefirst evaluated
and then successively combined to produce ratings for subfunctions, major functions, and overall functional significance of the
wetland. The processes of evaluating parameters and then combining them are two separate steps. There aso are two different
versions of the parameter evaluation and combining procedures, one for riverine and headwater wetlands and one for depressional
wetlands. Each step of parameter evaluation and combination is based on ecological principles and/or assumptions based on best
professional judgment.

Sincethe procedureislong and complex, it isdifficult to explain the determination of parameter val ues, combination procedures,
and rationale for each step all together. 1n order to convey as clear apicture of the NC-CREWS procedure as possible, the basics of
parameter evaluation and combination are presented in semi-outline form and briefly explained in this Section. Moredetailed expla-
nations, scientific rationale, and assumptions involved for each step are given in Section 4.

Overriding Considerations

For both Riverine/lHeadwater and Depressional HGM classes, if any of thefollowing conditionsexists, the overall wetland rating
is Exceptional. Individual parameters need not be rated, although it may be useful to do so to document other wetland functions.

(1) Thewetland is salt or brackish marsh, estuarine scrub shrub, or estuarine forest.
(2) The wetland is adjacent to (within 300 feet of) a designated Primary Nursery Area.

(3) Thewetland contains aknown occurrence of athreatened or endangered species of terrestrial or aguatic animal or plant on
either federal or state lists or contains occurrences of exemplary or unique natural ecosystems or special wildlife habitat
areas as designated by the NC Natural Heritage Program

If awetland isimmediately adjacent to (forming part of the border of) awetland with an overall rating of “ Exceptional functiona
significance’, it is not to be rated lower than “Substantial functional significance,” regardless of the values for individual sub
functions.

The reminder of this section outlines each function, subfunction, parameter, and subparameter for the three primary wetland
functions and the potential risk factor. The left hand column lists the items while the right hand column provides a brief
explanation of each item. In addition, the left hand column provides an explanation of how each item is combined to get arating
at each level and also lists the codes for each item. The codes correspond to the file name for each AML routine used in the
procedure.
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Riverine and Headwater Wetlands

Parameter Evaluation and Combination
I. Water Quality Functions (wqf01)

A. Nonpoint Source Function (wqf011)

1. Proximity to Sour ces (wqf0111)
H > 20% perimeter agriculture + developed
M > 20% perimeter agriculture + developed + pine plantation

L < 20% perimeter agriculture + developed + pine plantation

2. Proximity to Water Body (wqgf0112)
H  Within 300 ft. of permanent surface water
M Within 300 ft. of intermittent stream
L > 300 ft. from permanent or intermittent surface water

3. Water shed Position (wqf0113)
H Intermittent or first order stream
M Second or third order stream
L Higher than third order stream

4. Site Conditions (wqgf0114)
a. Wetland Type (wqf01141)
H  Bottomland hardwood, swamp forest, headwater
swamp
M Freshwater marsh, pine flat, hardwood flat, pocosin
maritime forest
L Pine plantation, altered sites

b. Soil (wqf01142)
H  Histosol or frequently flooded mineral soil with high clay
and organic matter
M Infrequently flooded mineral soil with high clay and
organic matter
L Infrequently flooded mineral soil with low clay and
organic matter

RATING SYSTEM FOR SITE CONDITIONS
H Both (a) & (b) rated H
M  Other combinations
L Atleast oneL and neither H

RATING SYSTEM FOR NPSFUNCTION
H (1) and(2) Hand (4) at least M or (3) and (4) H and (2) at least M
M Other combinations
L Any two of (2), (3) & (4) rated L
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Brief Explanations

The functions, subfunctions, parameters, and subparameters are earmarked in the
following outlineswith the corresponding arc macro language (aml) program names
(e.g. wqf0l) for persons reviewing the actual computer aml programs. “Wqf01"
stands for “water quality function 01.”

IA. The first broad category of wetland functions is the maintenance and
improvement of water quality. The first water quality subfunction is the nonpoint
source function, which is the removal of particulates and nutrients from surface
runoff water.

1. Proximity to sourcesis an "opportunity” parameter. It considersthelikelihood of
polluted runoff entering the wetland based on predominant adjacent land uses. The
more of the perimeter of the wetland surrounded by NPS-producing land uses, the
higher the rating.

2. Proximity to surface water body is an indicator of the likelihood that polluted
runoff entering the wetland would otherwise enter surface water. Wetlands closeto
permanent surface water arerated H; those closeto intermittent streams are rated M;
and those not close to any surface water arerated L.

3. Wetlands that are “higher” in awatershed have a greater potential effect on NPS
removal and on overall watershed water quality. The order of the nearest stream is
an indicator of watershed position.

4. Site conditions are determined by the biotic and physical structure typical of the
wetland type and by the properties of the predominant underlying soil.

4a. Wetland type breakdowns are based on field data on indicators of wetland
capacity for nutrient transformation and processing and removal of sediments and
dissolved materials.

4b. The finer the texture and the higher the organic matter content of the soil, the
higher its cation exchange capacity is and the more effective it isin retaining and
transforming nutrients.

RATING SYSTEM - Site Conditions: Since both physical and biotic structure of
the wetland and properties of the underlying soil are critical factorsin determininga
wetland's capacity to perform nonpoint source removal functions, both must be
evaluated as highly conducive to retention and removal of particulates and nutrients
for site conditionsto berated H. If either of the parametersarerated L and the other
isnot H, site conditions for NPS removal arerated L.

RATING SYSTEM - Nonpoint Sour ce Function: Thewetland israted H for the
NPS removal function if it is located between a NPS pollutant generating area and
surface water (1 & 2 rated H) and if site conditions are reasonably conducive to
retention and removal (4 not L). This provides an H rating when the opportunity is
very high even though the capacity may be only moderate. Thewetland isalso rated
Hifitishighinitswatershed (3 H), site conditions are highly favorable (4 H), and it
is close to an intermittent or perennial stream or water body (2 at least M). This
provides an H rating based on capacity alone. Thus, the opportunity considerationis,
in effect, a"bonus" and does not penalize awetland without present opportunity. The
opportunity factor is not considered in determining an L rating, so a wetland cannot
berated L simply due to lack of opportunity to perform the function.



Parameter Evaluation and Combination

B. Floodwater Cleansing Function (wqf012)
Rated only for riverine systems. Headwater systems are rated L for this
subfunction.
1. Water Source and Proximity to Sources (wgf0121)
For streams entering the HU from outside:
H  Infloodplain of Piedmont-draining stream or upstream
HU > 50% agricultural plus developed land
M Infloodplain of coastal plain draining stream with
upstream HU < 50% agriculture plus developed land
L Not in floodplain

For streams originating in the HU:
H > 25% of stream length in HU bordered by agricultural
or developed land
M 5-25% of stream length bordered by agricultural or
developed land
L < 5% of stream length bordered by agricultural or
developed land

2. Duration of Flooding (wgf0122)
H  Wetland isflooded 'long to very long' periods
M Wetland is flooded 'brief' periods
L Wetland is flooded 'very brief' periods or not at all
If the stream is channelized, the rating is reduced by one level
for adjacent wetlands.

3.  SiteConditions (wgf0123)
a. Wetland Type (wqf01231)
H Bottomland hardwood, swamp forest
L  Other wetland types

b. Soil (wqf01232)
H Histosol or frequently flooded mineral soil with high
clay and organic matter
M Infrequently flooded mineral soil with high clay and
organic matter
L  Infrequently flooded mineral soil with low clay and
organic matter

4.  Width of Wetland Perpendicular to Stream (wqf0124)

H > 100 feet
M 50-100 feet
L < 50 feet

RATING SYSTEM FOR SITE CONDITIONS
H Both (a) and (b) rated H
M Other combinations
L Both (a) and (b) rated L

RATING SYSTEM FOR FLOODWATER CLEANSING

FUNCTION
H (1) Hand (2), (3), and (4) at least M or (2), (3), and (4) rated H
M Other combinations
L (2) or (3) rated L

OVERALL RATING SYSTEM FOR WATER QUALITY

FUNCTIONS
H Either subfunction (nonpoint source removal or floodwater cleansing rated
H

M Other combinations
L Both subfunctions rated L
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IB.  The second water quality subfunction of wetlandsis removal of sediments,
nutrients, and toxins that have already entered surface water that enter thewetland by
over bank flow from aflooding stream. Headwater systemsdo not receiveover bank
flow of water from upstream sources and do not perform this function. Although
they are commonly flooded during part of the year, the water comes from overland
runoff and groundwater.

1. Water Source and Proximity to Sources is an "opportunity" parameter that
indicates whether pollutants are likely to be present in astream. If the stream enters
the hydrologic unit from outside the HU boundary, it is most likely to contain
pollutants if it originates in the Piedmont or if the upstream HU is heavily
agricultural or developed. If the stream originates in the HU, its pollutant load is
determined by the land uses bordering it upstream of the wetland site.

2. Thelonger floodwatersremain in awetland, the greater thelevel of pollutant
removal is. Parametersare based on the flooding duration typical of the predominant
underlying soil as reported in the appropriate soil survey.

3. Site conditions are determined by the biotic and physical structuretypical of
the wetland type and by the properties of the predominant underlying soil.

3a.  Wetland type breakdowns are based on field data of indicators of capacity for
nutrient transformation and processing, removal of dissolved materials, organic
carbon export, and retention of woody materialsto provide on-site energy sourcesfor
microbial activity.

3b.  Thefiner thetextureand the higher the organic matter content of the sail, the
higher is its cation exchange capacity and the more effective it isin retaining and
transforming nutrients and toxins.

4. The wider a wetland is along a stream, the more area there is available for
water retention and pollutant removal.

RATING SYSTEMS - Site Conditions. As with the nonpoint source removal
subfunction, both wetland type and soil characteristics must be rated H to give the
wetland an H rating. Inthiscase, however, both of the parameters must berated L to
resultinan L rating for site conditions. Thisreflectsthelack of amoderate rangefor
the wetland type parameter.

RATING SYSTEM - Floodwater Cleansing Function: Thewetlandisrated H for
the floodwater cleansing function if floodwater entering it is likely to carry heavy
pollutant loads and if its internal conditions are at least moderately conducive to
pollutant retention and removal. It isalso rated H if it holds floodwaters for long
periods, has significant width in which it can hold water, and has site conditions
amenableto pollutant removal. Aswith the nonpoint source function, the opportuni-
ty factor of whether the floodwater contains pollutantsis treated as a "bonus" rather
than asadetermining factor. Thewetland israted L for thissubfunctionif thestream
seldom or never floods or floods for only brief periods and there is very little width
aong the stream into which floodwaters can flow. Neither site conditions nor
pollutant loading of the stream are sole determinants of an L rating for this
subfunction.

OVERALL RATING SYSTEM - Water Quality Functions. Both nonpoint
sourceremoval from surface runoff and removal of pollutantsfrom in-stream waters
are important water quality functions of wetlands. If either one of them israted H,
the wetland is rated H for the significance of its overall water quality function. If
either of thesefunctionsisrated M, thewetland will receive an M rating even though
theother function may berated L. Only if both functionsarerated L will the wetland
be rated L for its significance in performing water quality functions.



Parameter Evaluation and Combination
I1. Hydrology Functions (hyf01)

A.  Surface Runoff Storage (hyf011)
If wetland size is > 2.7% of HU area, Runoff Sorage Function is
rated at least M.

1.  Watershed Position (hyf0111)
H Intermittent or first order stream
M Second or third order stream
L > third order stream

2. Wetland Size (hyf0112)
H Wetland is > 0.54% of total HU area
M Wetland is 0.05-0.54% of HU area
L Wetland is < 0.05% of HU area

3. SiteConditions (hyf0113)
a. Wetland Type (hyf01131)
H Bottomland hardwood, swamp forest, headwater swamp,
freshwater marsh
M Hardwood flat, pocosin, maritime forest
L Pineflat, pine plantation, altered site

b. Soil infiltration capacity (hyf01132)
H Soil hydrologic group A, B, or A/D
M Sail hydrologic group C or B/D
L Soil hydrologic group D

RATING SYSTEM FOR SITE CONDITIONS
H (a) or (b) rated H and the other rated at least M
M Other combinations
L AtleastoneL and noH

RATING SYSTEM FOR SURFACE RUNOFF STORAGE
FUNCTION
H (1) and (3) rated H and (2) at least M
M Surface runoff storage not H, but wetland size > 2.7% of HU area;
other combinations
L (1) and (2) rated L or (3) rated L
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I1A. Wetland hydrologic functions result in attenuation of peak high and low
stream flows due to storage and slow release of water. One of the primary ways
in which water enters wetlands is by overland storm water runoff. The principal
determinant of a wetland's capacity to hold runoff water is its size; all other
conditions being equal, the larger a wetland, the more water it can store. If a
wetland islarge enough that itsremoval would likely result inanincreasein peak
discharge from the watershed of greater than 5%, the wetland will receive no
lower than an M for this subfunction.

1.  Wetlands along headwater streams receive proportionately more overland
runoff than downstream wetlands, and their position high in the watershed results
in their water storage capacity having greater impact on overall watershed
hydrology. Stream order breakdowns are by the Strahler system, which numbers
the smallest streams as first order.

2. Based on hydrologic modeling explained in more detail in Section 4, the
water storage capacity of awetland equal in sizeto 0.54% of total watershed area
will result in adecreasein peak discharge of 1%. Water storagein awetland less
than 0.05% of the watershed area will result in a decrease in peak discharge of
less than 0.1%.

3. Siteconditionsaredetermined by the biotic and physical structuretypical of
the wetland type and by the properties of the predominant underlying soil

3a. Wetland type breakdowns are based on field data on such indicators of
surface water storage capacity as microtopographic complexity, evidence of soil
reduction, and evidence of standing water.

3b. Theinfiltration capacity of the underlying soil determines the amount of
water the soil can receive and store before additional water will run off.
Hydrologic groups are used in soil surveys to indicate a soil's capacity for water
intake when the soils are wet and receive precipitation from long-duration storms.

RATING SYSTEM - SiteConditions: Either awetland typethat, becauseof its
structural characteristics, can hold large amounts of water or asoil that can allow
large amounts of water to infiltrate can result in a high water storage capacity for
awetland, provided that the other parameter is not so low asto counteract it. If
either parameter israted L, and the other is not H, the wetland israted L.

RATING SYSTEM - Surface Runoff Storage Function: Watershed position
and site conditions are the primary determinants of runoff storage. If both of
these arerated H, the wetland israted H unlessit isvery small. If site conditions
are poor for water storage or if the wetland is very small and far downstream in
the watershed, it israted L. If the wetland is of such size that its removal would
result in a’5% or greater increase in watershed peak discharge, it israted at least
M for this subfunction.



Parameter Evaluation and Combination

B. Floodwater Storage (hyf012)
Rated only for riverine systems. Headwater systems are rated
L for this subfunction.

1. Duration of Flooding (hyf0121)

H Wetland is flooded 'long to very long' periods

M  Wetland is flooded 'brief' periods

L  Wetland is flooded 'very brief' periods or not at all
If the stream is channelized, the rating is reduced by one level for adjacent
wetlands.

2. Wetland Size (hyf0122)
H Wetland is> 0.54% of total HU area
M Wetland is 0.05-0.54% of HU area
L Wetland is < 0.05% of HU area

3. Water shed Position (hyf0123)
H > third order stream
M Second or third order stream
L Intermittent or first order stream

4. Width of Wetland Subject to Flooding (hyf0124)
H >100 feet
M 50 to 100 feet
L <50feet

RATING SYSTEM FOR FLOODWATER STORAGE FUNCTION
H  Any 3 or more parameters rated H and none L
M Other combinations
L Any 2 or more parametersrated L and (4) < H
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11B. Thisisarating of the wetland's significance in providing temporary storage
of floodwaters to alleviate downstream flooding. It isapplicable only to riverine
wetlands that receive floodwater by over bank flow.

1. Duration of flooding, taken from soil survey information for the underlying
soil series, isameasure of the length of time the soil surfaceis covered by flowing
water from overflowing streams. The longer the time during which a wetland
holds floodwater, the greater its significance in performing this subfunction is.

2. Even if awetland is relatively narrow along a stream, if it is of considerable
length, it can store significant amounts of water.

3. Wetlands along large streams further downstream in a watershed are the
most significant in receiving and holding in-stream floodwaters.

4. The wider awetland is along a stream, the more area is available over which
flood waters can spread.

RATING SYSTEM - Floodwater Storage Function: Three of the four
parameters must berated H and the fourth one at least M for the wetland to receive
an H rating for this subfunction. Thus, awetland's size alone will not result in an
H rating unless its watershed position and duration of flooding are favorable.
Similarly, favorable position and flooding duration characteristics cannot rate a
wetland H unless at |east one of the size parametersishigh. Only two parameters
need be rated L, however, to rate a wetland L unless the wetland is quite large.
These rating systems emphasi ze theimportance of wetland sizein performing this
function.



Parameter Evaluation and Combination

C. Shoreline Stabilization Function (hyf013)

1. Proximity to Water Body (hyf0131)

H

M

e

< 50 feet from shoreline of a second or higher order stream or

of an estuary or lake shoreline

< 50 feet from first order stream or between 50 and 300 feet from
an estuary shoreline

2 50 feet from any stream or |ake or > 300 feet from an estuary
shoreline

Length of Wetland Border Exposed to Open Water (hyf0132)
> 500 feet of wetland perimeter borders open water

100-500 feet of perimeter borders open water

< 100 feet of perimeter borders open water

3. Watershed Land Use (hyf0133)

H = 1% developed or > 20% developed + agriculture
L < 1% developed and < 20% developed + agriculture

RATING SYSTEM - SHORELINE STABILIZATION

H
M
L

Two or more parameters rated H
Other combinations
Two or more parameters rated L or (1) rated L

OVERALL RATING SYSTEM FOR HYDROLOGIC FUNCTIONS

H

M
L

Surface runoff or floodwater storage rated H or shoreline
stabilization H and other two at least M

Other combinations

Runoff & floodwater L, shoreline stabilization not H
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I1C. Thisisarating of awetland's significance in holding the soil and location of a
shoreline in place in the face of the erosive forces of flowing stream water or wave
action. The intent is to evaluate the potential energy of water movement in a
watershed.

1. If awetland is not located on a shoreline, it cannot perform this function. If the
wetland does occupy ashoreline, thelarger the stream or the greater the fetch of open
water is, the more erosive force thereis likely to be.

2. The longer the length of shoreline that the wetland occupies, the more significant
this function isin relation to other wetland functions.

3. Thisisan "opportunity" parameter based on the assumption that the flow rate and
erosive force of a stream are increased by more rapid runoff of storm water from
cleared and devel oped land than from forested land.

RATING SYSTEM - Shoreline Stabilization Function: If two or more of the
parameters are rated H and none of them is rated L, the wetland is rated H for this
function. If the wetland is not along a shoreline (1=L), its stabilization function is
obvioudly of little significance, and it is rated L. It is also rated L if it is along a
shoreline but all other parameters are rated L.

OVERALL RATING SYSTEM - Hydrologic Functions: If either of the major
hydrologic functions of wetlands, storage of surface runoff or floodwater, is rated H,
the wetland is of high hydrologic significance. Shoreline stabilization is a "bonus’
factor that can result in an H rating, but its absence does not penalize the wetland.



Parameter Evaluation and Combination

[11. Habitat Functions (haf01)

A. Endangered SpeciesSignificant Natural Areas
H Occurrence of Threatened or Endangered species or a
Natural Heritage exemplary or unique natural ecosystem or
special wildlife habitat

B. Terrestrial Wildlife Habitat (haf011)

1. Internal Habitat (haf0111)
a. Interior Size of Habitat Complex (haf01111)
H > 74 acres
M 0- 74 acres
L No interior habitat

b. Association with Surface Water (haf01112)

H Adjacent to permanent surface water
M Adjacent to intermittent stream
L Not adjacent to surface water

c. Internal Heterogeneity of Habitat Complex (haf01113)
H > 8 vegetation types within complex
M 5-8 vegetation types within complex
L 1-4 vegetation types make up entire complex

d. Wetland Type (haf01114)
H Bottomland hardwood, freshwater marsh, hardwood flat,
swamp forest
M Headwater swamp, pocosin, pine flat, maritime forest
L Pine plantation, altered site

RATING SYSTEM FOR INTERNAL HABITAT
H Two or more parameters rated H and (a) not L (except for freshwater
marsh where (@) is not considered; or (d) rated H and (a) not L
M Other combinations
L  Two or more parameters rated L and none H
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I11A. These are overriding considerations that result in either an overall wetland
rating of Exceptional functional significance or in an H rating for the habitat
function. If threatened or endangered species on either federal or state lists are
verified as present or if the area is identified as a exemplary or unique natural
ecosystem or special wildlife habitat by the State Natural Heritage Program, the
wetland as awhole is rated as having Exceptional functional significance.

I11B. Since the objective is to generalize about habitat quality, the more habitat
requirements the wetland fills for the greatest number of species, the higher isits
habitat significancerating. Thebiasin thisanalysisistoward faunal speciesbecause
of thelack of GIS data and understanding of floral species.

1. Thisseriesof parameters examinestheinternal characteristics of the wetland in
providing habitat without considering the relation of the wetland to surrounding
habitat conditions.

1a. For interior-dwelling species, as opposed to ‘edge’ species, thelarger the area of
unbroken habitat the better it is. Evaluation of this parameter is based on the
internal area of contiguous, unbroken wetlands and intact upland forests. Internal
areais calculated asthe arearemaining after the total size of the habitat complex is
reduced inward 100 meters from its boundaries to compensate for edge effects.

1b. Availability of surface water isimportant to many speciesand limiting to some.
Even if species live elsewhere and visit the wetland to drink, the presence of water
results in the area being more heavily used and having high habitat significance.

1c. Areas with higher internal heterogeneity generally provide suitable habitat for
more species and often better habitat for individual species due to greater food
sources, nesting sitesand cover. Internal heterogeneity is measured by the number
of vegetation types present in the habitat complex.

1d. The wetland type breakdown is based on analysis of field data for food and
cover valuestypical of different wetland environmentsand on availableliteratureon
the habitat value of different wetland types.

RATING SYSTEM - Internal Terrestrial Habitat Function: For al wetland
types other than freshwater marsh, if at least two of the parameters are rated H and
the habitat complex islarge enough that it provides someinterior habitat (a> L), the
wetland is rated H. Freshwater marshes need not be large to be rated H.
Alternatively, if thewetland type provides very good habitat (d = H) thewetland will
be rated H unless it is very small. If two or more parameters are rated L, the
wetland israted L for its significance in providing internal habitat.



Parameter Evaluation and Combination

2. Landscape Habitat (haf0112)

a. Wetland Juxtaposition (haf01121)
H > 50% of wetland bordered by other wetlands
M < 50% of wetland bordered by other wetlands
L Isolated from other wetlands

b. Surrounding Habitat (haf01122)
H > 50% of land cover within ¥ mile composed of
natural vegetation
M > 50% of land cover within %2 mile buffer composed
of a combination of natural vegetation, pine
plantations, and agriculture
L > 20% of land within %2 mile developed or < 10%
natural vegetation

RATING SYSTEM FOR LANDSCAPE HABITAT
H  Both parametersrated H
M Other combinations
L Either parameter rated L and neither rated H

3. Movement System Value (haf0113)
a. Corridor Value (haf01131)
H  Corridor > 600 feet wide connected to contiguous natural
vegetation
M Corridor < 600 feet wide connected to contiguous natural
vegetation
L Isolated from other natural vegetation

b. Wetland Island Function (haf01132)

H Isolated wetland > 5 acres in size within %2 mile of a
wetland

M Isolated wetland < 5 acres within %2 mile of awetland

L Wetland < 1 acre in size or > % mile from nearest
wetland

RATING SYSTEM FOR MOVEMENT SYSTEM FUNCTIONS
H Either parameter rated H
M Other combinations
L Both parameters rated L

RATING SYSTEM FOR TERRESTRIAL WILDLIFE HABITAT

FUNCTION
H (1) and (2) rated high or (3) rated H
M Other combinations
L Two parameters rated L, and none H
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2. Thisisan examination of the quality of habitat provided by the wetland, asit exists
in the context of its surrounding landscape. Compatible adjacent habitats provide
wildlife accessto additional food and cover, safer dispersal into other areas, and refuge
from temporarily adverse conditions in the wetland.

2a. This parameter reflects the significance of connected wetland complexes in
providing habitat.

2b. A distance of %2 mile is within the movement range of most wildlife species and
within the distance even small species might move if seeking refuge. The more
compatible habitat there is within this distance, the more suitable the overall habitat
could be.

RATING SYSTEM - Landscape Habitat: If the wetland is surrounded along more
than half its perimeter by other wetlands and more than 50% of the surrounding area
within %2 mileisin natural vegetation, the landscape habitat valueisrated H. If either
the wetland is isolated from other wetlands or surrounded by low quality habitat, the
ratingisL.

3. Thisisan evaluation of the wetland's capacity for providing movement or dispersal
pathways.

3a. A wildlife corridor is a potential movement pathway through areas of unsuitable
habitat such asagricultural or developed land. Thecorridor caninclude natural upland
vegetation as well as wetlands.

3b. Non-continuous islands of habitat can also provide movement pathways for
wildlife, provided that these islands are of sufficient size and within reasonable travel
distance of one another.

RATING SYSTEM - Movement System Parameters: If the wetland has the
capacity to perform either ahigh corridor function or island function to allow wildlife
movement, itisrated H. If it performs neither function, itisrated L.

RATING SYSTEM - Terrestrial Wildlife Habitat Subfunction: A wetland with
high internal habitat quality in alandscape providing good habitat receivesan H value.
If the wetland provides a good movement system it is also rated H, even though its
actual habitat value may below. A wetland israted low for terrestrial habitat when no
high habitat qualities are present and either the internal habitat and landscape habitat
arelow, the internal habitat and movement systems are low, or the landscape habitat
and movement system functions are low.



Parameter Evaluation and Combination

C. Aquatic Life Habitat (haf012)

1. Anadromous Fish (haf0121)
H  Adjacent to ariver or tributary of ariver harboring anadromous
fish; annual flooding; not channelized
M Adjacent to ariver or tributary harboring anadromous fish; stream
is channelized
L Not adjacent to stream harboring anadromous fish

2. Other Fish Species (haf0122)
H  Adjacent to > third order stream with annual flooding
M Adjacent to afirst to third order stream with annual flooding or a
channelized stream of > third order
L Not adjacent to a stream or stream has infrequent or nonexistent
flooding

3. Amphibians and I nvertebrates (haf0123)
a. Wetland Type (haf01231)
H Bottomland hardwood, headwater swamp, or freshwater
marsh, swamp forest
M Hardwood flat, pocosin, or maritime forest
L Pine flat, pine plantation, altered site

b. Surrounding Habitat (haf01232)
H  >50% of land cover within %2 mile composed of natural
vegetation
M >50% of land cover within % mile buffer composed of a
combination of natural vegetation, pine plantations, and

agriculture
L > 20% of land within %2 mile developed or < 10% natural
vegetation

RATING SYSTEM FOR AMPHIBIAN/INVERTEBRATE HABITAT
H Both parameters rated H
M Other combinations
L  Either parameters rated L

RATING SYSTEM FOR AQUATIC LIFE HABITAT
H At least one parameter rated H
M  Other combinations
L (2) and(3) rated L

OVERALL RATING SYSTEM FOR HABITAT FUNCTIONS
H Probable threatened/endangered species habitat or either terrestrial or
aquatic habitat rated H
M Other combinations
L Bothterrestrial and aquatic habitat rated L
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I11C. This considers the wetland's significance in providing habitat for aquatic species,
including fish, amphibians, and invertebrates.

1. Wetlands along streams harboring anadromous fish can provide breeding habitat for
these important species. Anadromous species often move far up tributary streams to
breed. Floodwater must enter the wetland, however, to provide access and habitat, and
channelization inhibits this process. Streams that are not channelized, diked, impounded
or otherwise artificially altered are assumed to flood annually.

2. Many stream-dwelling fish species utilize flooded wetlands for food, cover, and
breeding. The larger the stream, the more significant this function is due to the greater
numbers of fish and longer periods of flooding.

3. Best habitat for amphibians and aquatic invertebrates existsin areas that provide water
for egg-laying and larval development yet exclude predatory fish. Thisoccursin wetlands
whereisolated vernal pools persist long enough to allow larval development to maturity.
Optimum habitat must also include adjacent non-aquatic areas for adult stages.

3a. The wetland type breakdown is based on field data on existence or evidence of vernal
pools.

3b. This sub-parameter measures the availability of non-aquatic habitat within afeasible
movement range for adult amphibians.

RATING SYSTEM - Amphibian/Invertebrate Habitat: If the wetland is a type in
which vernal pools commonly occur and suitable habitat for adult amphibiansisavailable,
itisrated H. If either of these habitat requirements is absent, the wetland israted L.

RATING SYSTEM - Aquatic LifeHabitat: If thehabitat qualityisrated H for any one
of the animal groups, the wetland is rated H for its significance in providing aquatic life
habitat. If habitat quality isL for both fish and amphibians, thewetland israted L. Since
anadromousfish arelimited to certain river systems, parameter (1) may berated L without
decreasing awetland'srating. Anadromousfish habitat isa"bonus’ for areasthat perform
this function.

OVERALL RATING SYSTEM - Habitat Function: A wetlandisautomatically rated H
for habitat if athreatened or endangered speciesislocated within the wetland polygon or if
the wetland has been identified as an exemplary or unique natural ecosystem or special
wildlife habitat by the Natural Heritage Program. A wetland isalso rated H for habitat if
it provides excellent Terrestrial Habitat (H) or Aquatic Life Habitat (H).

Wetlands are not penalized for providing habitat for only terrestrial or only aquatic
wildlife. However, wetlandsthat provide only low level s of habitat for both terrestrial and
aquatic wildlife are rated low (L).



Parameter Evaluation and Combination
V. Potential Risk of Wetland L oss (prfO1)
A. Landscape Character (prfO11)

1. Wetland Extent and Rarity (prf0111)
a. Percent of hydrologic unit composed of wetlands
(prf01111)
H <20%
M 20-50%
L >50%

b. Percent of wetlandsin larger areaunit composed of this
type (prf01112)
H <10%
M 10-25%
L >25%

RATING SYSTEM FOR WETLAND EXTENT AND RARITY
H  Either (a) or (b) rated H
M Other combinations
L Both (a) and (b) rated L

2. Land usein hydrologic unit (prf0112)
a. Percent of land in agricultural use (prf01121)

H  >40%
M 10-40%
L < 10%

b. Percent of land in pine plantations (prf01122)
H >30%
M  10-30%
L <10%

c. Percent of land in urban/developed uses (prf01123)

H >1%
M 0.1-1%
L <0.1%

RATING SYSTEM FOR LAND USE

H Any one parameter rated H with at least one other rated M or

higher
M Other combinations
L Two or more parameters rated L with none rated H

RATING SYSTEM FOR LANDSCAPE CHARACTER
H Either parameter rated H
M Other combinations
L Both parameters rated L
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Brief Explanations

1V. Potential Risk of Wetland Loss: Thisfactor evaluatesthe wetland's significance
in relation to the land use and water characteristics of the landscape in which it
functions to determine the relative risk to watershed integrity posed by the wetland's
loss.

IVA. These parameters evaluate the wetland's significance in terms of itsrolein the
landscape. The fewer wetlands there are and the more intensively used the land isin
the watershed, the more significant is the wetland's function.

1. Thewetland extent and rarity parameter measures how common wetlands arein the
landscape.

la. Thehigher the proportion of awatershed's |land areathat is occupied by wetlands,
thelessvital to the watershed'sintegrity one particular wetland is. Valuesare based on
conditionsin the NC coastal area, where wetlands often comprise 50% or more of the
land area. Values would be different for other landscapes with fewer wetlands.

1b. Thisisarating of the rarity of this type of wetland in the larger landscape. In
terms of its contribution to landscape diversity, the more rare the wetland type, the
greater its significanceis.

RATING SYSTEM - Wetland Extent and Rarity: If either the proportion of
wetlands in the watershed is low or the wetland is a rare type, the rating is H. If
wetlands are widespread in thelandscape and thiswetland typeiscommon, therating is
L.

2. Themoreintensive land usesthat exist in awatershed, the greater the significanceof
the functions of remaining wetlandsis. The predominant anthropogenic land usesin
the coastal area are agriculture, intensive forestry, and urban/residential development.

2a. Agricultural land is a significant source of nonpoint source pollution. The more
agricultural land in the landscape, the more significant the wetlands are in removing
pollutants before they enter surface waters.

2b. Pine plantations are the most common form of intensive forest management.
During the harvest and regeneration stages of the management cycle, they can be
significant sources of nonpoint source pollution.

2c. Land development increases surface runoff, increases pollutant loadings, and
destroys wildlife habitat. As development increases, all the functions of remaining
wetlands become more significant. Since thisis the most intensive land use with the
most adverse impacts, only a small proportion of the landscape needs to be devel oped
to give wetlands an H rating.

RATING SYSTEM - Land Use: If any one of the intensive land uses occupies a
significant portion of the watershed and the other two are not both L, the land use
parameter israted H. If two or more of the land uses are of low intensity and noneis
high, the landscape is largely in natural vegetation, and therating isL.

RATING SYSTEM - Landscape Character: If the extent of wetlands in the
watershed issmall or thewetland is of arare type, the functions of remaining wetlands
arehighly significant. Similarly, if theland useisintensive, the functions of remaining
wetlands are highly significant. If, on the other hand, wetlands are common, this
particular wetland isacommon type, and most of thelandscapeisin natural vegetation,
the loss of this wetland would probably not have a significant detrimental impact on
landscape functions.



Parameter Evaluation and Combination

B. Watershed Water Quality Characteristics (prf012)
1. Classification of Major Water Body in the Watershed (prf0121)
H SA, ORW, HQW, WS, WSHI, NSW, URW
M B, WSIII, SB
L CsC

2. Use Support of Water Bodiesin Water shed (prf0122)
H > 25% of stream miles or water body area in watershed less than
fully supporting
M 10-25% of stream miles or water body areain watershed lessthan
fully supporting
L < 10% of stream miles or water body areain watershed less than
fully supporting

3. Classification of Water Body Receiving Water shed Output (prf0123)
H SA, ORW, HQW, WS-, WS-I, NSW, URW
M B.WSHII, SB
L CSsC

RATING SYSTEM FOR WATERSHED WATER QUALITY
CHARACTERISTICS

H Any one parameter rated H

M Other combinations

L  Any two parameters rated L, none rated H

C. Replacement Difficulty for Wetland Functions (prf013)

1.Wetland Type (prf0131)
H Pocosin, maritime forest

M Bottomland hardwood, swamp forest, headwater swamp,
hardwood or pine flat

L  Freshwater marsh, pine plantation

2. Replacement Site Availability (prf0132)
H  No replacement site identified in watershed
M Non-wetland restoration site available in watershed
L Degraded wetland site of same type identified in
watershed

RATING SYSTEM FOR REPLACEMENT DIFFICULTY
H (2) rated H or (1) rated H and (2) rated M
M Other combinations
L Both parametersrated L or (1) rated L and (2) rated M

Brief Explanations

IVB. This series of parameters considers water quality within and downstream of the watershed
containing the wetland. The water quality functions of awetland become more significant asthe
assimilative capacity of receiving waters decreases.

1. Thisisan indication of how important water quality considerations are in the watershed. If
water bodies have a high classification, maintaining their quality isan important consideration. If
waters are subject to high nutrient concentrations or have been identified asimpaired waterswhere
uses can be restored, prevention of pollutant additions is significant.

2. Usesupport designationsindicate water quality impairment in relation to use classifications.
The more impaired waters exist in a watershed, the more significant are wetland functions in
maintaining water quality.

3. Thisparameter considers the watershed in the context of what lies downstream. If the water
body receiving the output from the watershed is classified such that prevention of additional
pollutant loading is highly significant, then wetlandsin the watershed are of greater significancein
maintaining water quality.

RATING SYSTEM - Water shed Water Quality Characteristics: If thewater in awatershed
or in the downstream watershed has ahigh quality classification, is nutrient sensitive, or istargeted
for userestoration, the water quality functions of wetlandsin the watershed are highly significant.
If water quality in the watershed isimpaired as indicated by its failure to support intended uses,
wetlands are significant in preventing further impairment.

IV C. If the functions of this wetland could be replaced relatively easily by restoration of another
wetland within the same watershed, its loss is less significant than if its functions cannot be
replaced. Thisconsideration assumesimplementation of compensatory mitigation for any wetland
permit granted.

1. Wetland typesin the lowest group are relatively easy to restore. Thosein the middie group
are more difficult to restore hydrologically, and their vegetation takes a long time to mature.
Wetlands in the highest group are very difficult to restore due to the peculiar nature of their
hydrology and the unique site requirements of their vegetation.

2. If adegraded wetland of the sametype existsin the watershed, it would berelatively smpleto
restore it to replace this wetland's functions. Restoring a site that has been completely converted
but is otherwise suitableis more difficult, but still possible. If thereisno suitablerestoration site
inthewatershed, replacing thiswetland's functionsisessentially impossible. Potential restoration
sites are located and classified by DCM's restoration site mapping which is done in conjunction
with mapping existing wetlands.

RATING SYSTEM - Wetland Replacement Potential: If no restoration siteis availablein
the watershed, the difficulty of replacing the wetland's functions in the local landscape is high.

If the wetland is in the most difficult group to restore and no degraded site of the sametypeis
available for enhancement, replacement difficulty israted H. If the wetland type isrelatively
easy to restore and any restoration site is available in the watershed, replacement difficulty is
rated L
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Parameter Evaluation and Combination

D. Enhancement Potential of Site (prf014)
This parameter is considered only if the wetland is rated of low value for
the primary wetland functions.

H Drained or partialy drained wetland with natural
vegetation intact

M Drained or partially drained and converted to pine
plantation or other intensively-managed forest type

L Wetland intact, but of low functional significance

OVERALL RATING SYSTEM FOR RISK CONSIDERATIONS

H At least two of (A), (B), & (C) rated H

M (D) rated H or other combinations

Any two of (A), (B), & (C) rated L with no
parameters rated H

-
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Brief Explanations

1V. D. If awetland has low functional significance because it is degraded due to
drainage or other disturbance, it may still have the potential to be restored to higher
levelsof function to replace functionslost elsewhere. Thecloser thewetlandistoits
fully functioning state, i.e., the less it has been disturbed, the more practical its
restoration is and the higher its significance asa potential restoration site. Thisisa
"bonus" parameter for wetlands that have been degraded by past human activity. If
the wetland issimply of low significancein and of itself, it ratesL on this parameter
aswell.

OVERALL RATING SYSTEM - Risk Considerations: If any two of the risk
parameters other than restoration potential are rated H, the risk to watershed
functional integrity of losing the wetland is rated H. This occurs if land use is
intense and water quality is impaired, if land use is intense and the wetland's
functions would be very difficult to replace, or if water quality is impaired and
replacement difficulty is high. If any two of these same considerations are rated L
and thethirdisnot rated H, therisk factor israted L. Restoration potential istreated
asa"bonus" parameter; not of enough significance by itself to give awetland an H
risk rating but as a way of recognizing the importance of protecting potential
restoration sites by preventing their receiving an L rating for all considerations
simply because they have been degraded by human activity.



Depressional Wetlands

Parameter Evaluation and Combination
I. Water Quality Functions (wqf01)

A. Nonpoint Sour ce Function (wgf011)
1. Proximity to Sour ces (wqf0111)
H > 20% perimeter agriculture + developed
M > 20% perimeter agriculture + developed + pine plantation

L < 20% perimeter agriculture + developed + pine plantation

2. Proximity to Water Body (wqf0112)
H  Within 300 ft. of permanent surface water
M Within 300 ft. of intermittent stream
L > 300 ft. from permanent or intermittent surface water

3. Water shed Position (wqf0113)
H Intermittent or first order stream
M Second or third order stream
L Higher than third order stream

4. Site Conditions (wqgf0114)
a. Wetland Type (wqf01141)
H Swamp forest
M Freshwater marsh, pine flat, hardwood flat, pocosin,
maritime forest
L Pineplantation, altered sites

b. Soil (wqf01142)
H Histosol or frequently flooded mineral soil with high clay
and organic matter
M Infrequently flooded mineral soil with high clay and organic
matter
L Infrequently flooded mineral soil with low clay and organic
matter

RATING SYSTEM FOR SITE CONDITIONS
H  Both(a) & (b) rated H
M Other combinations
L At least one L and neither H

RATING SYSTEM FOR NPSFUNCTION
H (1) and(2) Hand (4) at least M or
(3) and (4) H and (2) at least M
M Other combinations
L Any two of (2), (3) & (4) rated L

B. Floodwater Cleansing Function (wqf012)
L All depressional wetlands are rated L for this function

OVERALL RATING SYSTEM FOR WATER QUALITY FUNCTIONS
H Nonpoint Source Function rated H
M Nonpoint Source Function rated M
L Nonpoint Source Function rated L
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IA. Removal of pollutants from overland runoff and precipitation is the principal water
quality function of depressional wetlands. The parameters for evaluating the nonpoint
source removal function of depressional wetlands are the same as those for
riverine/headwater wetlands and are evaluated in a similar manner.

1. Proximity to sources is an "opportunity” parameter that considers the likelihood of
polluted runoff entering the wetland based on adjacent land uses. It isevaluated the same
as for riverine/headwater wetlands.

2. Proximity to surface water isan indicator of thelikelihood that polluted runoff entering
the wetland woul d otherwise enter surface water. Unless close to astream but not subject
to flooding from it, depressional wetlands generally receive a Low rating for this
parameter.

3. Watershed position for depressional wetlands is determined by the order of the closest
stream to the wetland, with the assumption that the closest stream would receive any
runoff from the area of the wetland. In the flat topography of the North Carolina coastal
area, this is a reasonable assumption. When topography data become available, a
modeling approach to determine watershed position may be more appropriate.

4. Both wetland type and soil characteristics are evaluated in the same way as for
riverine/headwater systems. Thelist of wetland typesincludes only thoselikely to occur as
depressional/flat wetlands, excluding riverine wetland types.

RATING SYSTEM - Site Conditions: Since both physical and biotic structure of the
wetland and properties of theunderlying soil arecritical factorsin determining awetland's
capacity to perform nonpoint source removal functions, both must be evaluated as highly
conducive to retention and removal of particulates and nutrients for site conditions to be
rated H. Thisisthe same rating system as for riverine/headwater wetlands.

RATING SYSTEM - Nonpoint Sour ce Function: Therating system for thisfunctionis
the same for depressional asfor riverine/headwater wetlands. Sincedepressional wetlands
are less likely to be adjacent to surface waters and more likely to be in the lower-rated
wetland types, the rating system adequately reflectsthe fact that depressional wetlandsare,
in general, less effective at performing water quality functionsthan are riverine wetlands.

1.B. Since depressional/flat wetlands are not in direct proximity to major surface water
bodies, they do not receive water from over bank flow and, thus, cannot perform the
floodwater cleansing function.

OVERALL RATING SYSTEM - Water Quality Functions: Removal of nonpoint
source pollutants from surface runoff is the best-documented water quality function of
depressional wetlands. The overall water quality rating, therefore, isthe sameasitsNPS
function rating. This rating system reflects the significant nonpoint source pollutant
removal function of some depressional wetlands by rating awetland H for water quality
even though other water functions are absent. In effect, this rating system isidentical to
the one used for the water quality functions of riverine/headwater wetlands.



Parameter Evaluation and Combination

I1. Hydrology Functions (hyf01)

A. Surface Runoff Storage (hyf011)

If wetland size is > 2.7% of HU area, Runoff Storage Function is

rated at least M.
1. Watershed Position (hyf0111) - based on nearest stream
H Intermittent or first order stream

M Second or third order stream
L greater than third order stream

2. Wetland Size (hyf0112)
H Wetland is > 0.54% of total HU area
M Wetland is 0.05-0.54% of HU area
L Wetland is < 0.05% of HU area

3. Site Conditions (hyf0113)

a. Wetland Type (hyf01131)
H Swamp forest, freshwater marsh
M Hardwood flat, pocosin, maritime forest, Pine flat
LPine plantation, altered site

b. Soil infiltration capacity (hyf01132)
H Soil hydrologic group A, B, or A/D
M Soil hydrologic group C or B/D
L Soil hydrologic group D

RATING SYSTEM FOR SITE CONDITIONS

H (b) rated H and (a) rated at least M
M Other combinations
L At least oneL and noH

RATING SYSTEM FOR SURFACE RUNOFF STORAGE
FUNCTION
H (1) and (3) rated H and (2) at least M; or (1) and (2) rated H
and (3) at least M
M Surface runoff storage not H, but wetland size > 2.7% of HU
area; or other combinations
L (1) and (2) rated L or (3) rated L with no parameter rated H

B. Floodwater Storage (hyf012)
L  All depressiona wetlands rated L for this function

C. Shoreline Stabilization (hyf013)
L All depressional wetlands rated L for this function

OVERALL RATING SYSTEM FOR HYDROLOGY FUNCTIONS
H  Surface Runoff Storage Function rated H
M  Surface Runoff Storage Function rated M
L  Surface Runoff Storage Function rated L
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I1A. Surface Runoff Storage: This is the only hydrologic function of
depressional wetlands, since they do not receive floodwater from streams.
Due to their larger size, distribution, and typical landscape positions,
however, runoff water storage in depressional wetlandsis often greater than
that for riverinewetlands. All parameter valuesfor depressional wetlandsare
assigned in the same way as for riverine/headwater wetlands, but the rating
systems are different.

1. The further upstream in a watershed, the greater is the impact of water
storage on overall watershed hydrology. The stream order of the nearest
stream is used as a measure of watershed position.

2. Based on hydrologic modeling explained in more detail in Section 4, the
water storage capacity of awetland equal in sizeto 0.54% of total watershed
area will result in a decrease in peak discharge of 1%. Water storagein a
wetland less than 0.05% of the watershed area will result in a decrease in
peak discharge of less than 0.1%.

3. Site conditions are determined by the biotic and physical structure typical
of the wetland type and by the properties of the predominant underlying soil

3a. Wetland type breakdowns are based on field data of surfacewater storage
capacity indicators such as microtopographic complexity, evidence of soil
redoxomorphic condition, and evidence of standing water. Typically riverine
wetland types are omitted.

3b. Theinfiltration capacity of the underlying soil determinesthe amount of
water the soil can receive and store before additional water will run off.
Hydrologic groups are taken from soil surveysto indicate asoil's capacity for
water intake when the soils are wet and receive precipitation from long-
duration storms.

RATING SYSTEM - Site Conditions: For depressional wetlands, soil
storage capacity is considered to be moreimportant in determining functional
significance than wetland type; in riverine wetlands the opposite holds. In
riverine wetlands, the effectiveness of the vegetation structure in impeding
overland flow before it enters a stream is the determining factor. In
depressional wetlands flow is impeded simply by entering the depression.
The more significant factor in determining how much water will be stored
before the depression "fills up" is the storage capacity of the soil.

RATING SYSTEM - SURFACE RUNOFF STORAGE FUNCTION:
The rating system for depressional wetlands differs from that for riverine
wetlands, reflecting the potentially great significance of large depressional
wetlands in storing water. Any large depressional wetland high in a
watershed israted H, regardless of wetland type. No single parameter being
rated low will result in an L rating if any other parameter israted H.

11B. Floodwater Storage: Depressional wetlands do not perform this
function, since they do not receive floodwater.

11C. Shoreline Stabilization: Depressional wetlands do not perform this
function, since they are not located on shorelines.

OVERALL RATING SYSTEM FOR HYDROLOGY FUNCTIONS:
Due to their landscape positions, depressional wetlands normally have the
potential to perform only one of the three hydrologic functions. IntheNorth
Carolina coastal area, however, surface runoff storage is such a significant
function of depressional wetlandsthat it is used asthe sole determinant of the
wetland's hydrologic significance.



Parameter Evaluation and Combination
[11. Habitat Functions (haf01)

A. Endangered SpeciesSignificant Natural Areas

H  Occurrence of Threatened or Endangered species or a Natural
Heritage exemplary or unique natural ecosystem or special
wildlife habitat

B.  Terrestrial Wildlife Habitat (haf011)

L
a.

Internal Habitat (haf0111)

Interior Size of Habitat Complex (haf01111)
H > 74 acres

M 0-74acres

L No interior habitat

Association with Surface Water (haf01112)
H  Adjacent to permanent surface water

M Adjacent to intermittent stream

L Not adjacent to surface water

Internal Heterogeneity of Habitat Complex (haf01113)
H > 8 vegetation types within complex

M 5-8 vegetation types within complex

L 1-4 vegetation types make up entire complex

Wetland Type (haf01114)

H  Bottomland hardwood, freshwater marsh, hardwood flat,
swamp forest

M Headwater swamp, pocosin, maritime forest, Pine flat,

L Pine plantation, altered site

RATING SYSTEM FOR INTERNAL HABITAT

H

M
L

Two or more parameters rated H and (a) not L (except for freshwater
marsh where (@) is not considered; or (d) rated H and (a) not L
Other combinations

Two or more parameters rated L and none H
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111. Habitat Functions: The habitat rating system for depressional wetlands is
basically the same as for riverine/headwater wetlands. Nothing about the landscape
position of depressional wetlands affectstheir habitat functionsfor terrestrial species.
Aquatic habitat, however, is limited to amphibians and invertebrates.

I11A. These are overriding considerations that result in either an overall wetland
rating of Exceptional functional significance or in an H rating for the habitat function.
If threatened or endangered species on either federal or state lists are verified as
present or if the area is identified as a significant natural area by the State Natural
Heritage Program, the wetland as awhole s rated as having Exceptional functional
significance.

I111B. Since the objective is to generalize about habitat quality, the more habitat
requirements the wetland fills for the greatest number of species, the higher isits
habitat significance rating.

1. Thisseries of parameters examines the internal characteristics of the wetland in
providing habitat without considering the relation of the wetland to surrounding
habitat conditions.

a. For interior-dwelling species (as opposed to 'edge’ species), the larger the area of
unbroken habitat the better. Habitat complexes are contiguous unbroken areas of
wetlands and intact upland forests remaining after interior area reduction by edge
effectsand fragmentation by primary and secondary roads. Choice of the specificsize
thresholdsis explained in Section 4.

b. Availability of surface water isimportant to many species and limiting to some.
Even if species live elsewhere and visit the wetland to drink, the presence of water
results in the area being more heavily used and having high habitat significance.

c. Areaswith higher internal heterogeneity generally provide suitable habitat for more
species and often better habitat for individual species because of greater food sources,
nesting sites and cover. Internal heterogeneity is measured by the number of
vegetation types present in the habitat complex.

d. The wetland type breakdown is based on analysis of field data for food and cover
values typical of different wetland environments and on available literature on the
habitat value of different wetland types.

RATING SYSTEM - Internal Terrestrial Habitat Function: For all wetland
types other than freshwater marsh, if at least two of the parameters arerated H and the
habitat complex is large enough that it provides some interior habitat (a > L), the
wetland is rated H. Freshwater marshes need not be large to be rated H.
Alternatively, if the wetland type provides very good habitat (d = H) the wetland will
berated H unlessit isvery small. If two or more parameters arerated L, the wetland
is rated L for its significance in providing internal  habitat.



Parameter Evaluation and Combination

2. Landscape Habitat (haf0112)
a. Wetland Juxtaposition (haf01121)
H > 50% of wetland bordered by other wetlands
M < 50% of wetland bordered by other wetlands
L Isolated from other wetlands

b. Surrounding Habitat (haf01122)

H > 50% of land cover within %2 mile composed of
natural vegetation

M > 50% of land cover within % mile buffer composed
of a combination of natural vegetation, pine
plantations, and agriculture

L > 20% of land within %2 mile developed or < 10%
natural vegetation

RATING SYSTEM FOR LANDSCAPE HABITAT
H Both parameters rated H
M Other combinations
L Either parameter rated L and neither rated H

3. Movement System Value (haf0113)
a. Corridor Value (haf01131)
H Corridor > 600 feet wide connected to contiguous
natural vegetation
M Corridor < 600 feet wide connected to contiguous
natural vegetation
L Isolated from other natural vegetation

b. Wetland Island Function (haf01132)
H Isolated wetland > 5 acresin size within %2 mile of the
other wetland areas
M Isolated wetland < 5 acres within %2 mile
L  Wetland < 1 acre in size or > % mile from nearest
wetland

RATING SYSTEM FOR MOVEMENT SYSTEM FUNCTIONS
H Either parameter rated H
M Other combinations
L Both parameters rated L

RATING SYSTEM FOR TERRESTRIAL WILDLIFE HABITAT
FUNCTION

H (1) and (2) rated high or (3) rated H

M Other combinations

L Two parameters rated L and none H
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2. Thisisan examination of the quality of habitat provided by the wetland, asit
existsin the context of its surrounding landscape. Compatible adjacent habitats
provide wildlife access to additional food and cover, safer dispersal into other
areas, and refuge from temporarily adverse conditions in the wetland.

a. This parameter reflects the significance of connected wetland complexesin
providing habitat.

b. A distance of %2 mile iswithin the movement range of most wildlife species
and within the distance even quite small species might moveif seeking refuge.
The more compatible habitat within this distance, the more suitable the overall
habitat is.

RATING SYSTEM - Landscape Habitat: If thewetlandissurrounded aong
more than half its perimeter by other wetlands and more than 50% of the
surrounding area within %2 mileisin natural vegetation, the landscape habitat
value is rated H. If the wetland is either isolated from other wetlands or
surrounded by low quality habitat, the rating is L.

3. Thisisan evaluation of the wetland's capacity for providing movement or
dispersal pathways. The Landscape Habitat Valueis a"bonus' consideration
applicableto wetlands that might otherwise have low habitat values, and itsab-
sence does not lower the wetland's habitat rating.

a. A wildlife corridor is a potential movement pathway through areas of
unsuitable habitat such as agricultural or developed land. The corridor can
include natural upland vegetation as well as wetlands.

b. Non-continuousislands of habitat can also provide movement pathways for
wildlife, provided that theseislands are of sufficient size and within reasonable
travel distance of one another.

RATING SYSTEM - Movement System Functions: If thewetland hasthe
capacity to perform either a high corridor function or island function to allow
wildlife movement, it israted H. If it performs neither function, itisrated L.

RATING SYSTEM - Terrestrial Wildlife Habitat Function: A wetland
with highinternal habitat quality in alandscape providing good habitat receives
anH value. If thewetland providesagood movement systemitisalsorated H,
even though its actual habitat value may be low. A wetland is rated low for
terrestrial habitat when no high habitat qualities are present and either the
internal habitat and landscape habitat are low, the internal habitat and
movement systems are low, or the landscape habitat and movement system
functions are low.



Parameter Evaluation and Combination

C. Aquatic Life Habitat (haf012)
1. Anadromous Fish (haf0121)
L Not adjacent to stream harboring anadromous fish

2. Other Fish Species (haf0122)
L  Not adjacent to a stream

3. Amphibiansand Invertebrates (haf0123)
a. Wetland Type (haf01231)
H Freshwater marsh, swamp forest
M Hardwood flat, pocosin, or maritime forest
L Pineflat, pine plantation, altered site

b. Surrounding Habitat (haf01232)
H > 50% of land cover within %2 mile composed of natural
vegetation

M > 50% of land cover within %2 mile buffer composed of a
combination of natural vegetation, pine plantations, and
agriculture

L > 20% of land within %2 mile devel oped or < 10% natural
vegetation

RATING SYSTEM FOR AMPHIBIAN/INVERTEBRATE HABITAT
H Both parameters rated H
M Other combinations
L Either parametersrated L

RATING SYSTEM FOR AQUATIC LIFE HABITAT
H Amphibian/invertebrate habitat rated H
L Amphibian/invertebrate habitat not rated H

OVERALL RATING SYSTEM FOR HABITAT FUNCTIONS
H Probable threatened/endangered species habitat
or either terrestrial or aquatic habitat rated H
M Other combinations
L Both terrestrial and aquatic habitat rated L
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I11C. Aquatic Life Habitat: This considers the wetland's significance in
providing habitat for aguatic species, including fish, amphibians, and
invertebrates. Since depressional wetlands are, by definition, not adjacent to
water bodiesthat flood regularly, they normally do not provide habitat for any
fish.

1. Depressional wetlands do not perform this habitat function, sincethey do not
receive floodwaters from adjacent streams.

2. Depressional wetlands do not perform this habitat function, sincethey do not
receive floodwaters from adjacent streams.

3. Thebest habitat for amphibiansand agquatic invertebrates existsin areasthat
providewater for egg-laying and larval devel opment yet exclude predatory fish.
This occurs in wetlands where isolated vernal pools persist long enough to
alow larval development to maturity. Optimum habitat must also include
adjacent non-aquatic areas for adult stages.

a. The wetland type breakdown is based on field data on existence or evidence
of vernal pools.

b. This sub-parameter measuresthe availability of non-aquatic habitat withina
feasible movement range for adults.

RATING SYSTEM - Amphibian/Invertebrate Habitat: If thewetlandisa
type in which vernal pools commonly occur and suitable habitat for adult
amphibiansisavailable, itisrated H. If either of these habitat requirementsis
absent, the wetland israted L.

RATING SYSTEM - Aquatic Life Habitat: As for riverine/headwater
wetlands, if the habitat quality israted H for any one of the animal groups, the
wetland is rated H. Since amphibian/invertebrate habitat is the only aquatic
habitat provided by depressional wetlands, if itisH, the wetland israted H for
aquatic habitat. If amphibian/invertebrate habitat is not rated H the aquatic
habitat value israted L to reflect the absence of fish habitat.

OVERALL RATING SYSTEM - Overall Habitat Functions: A wetlandis
automatically rated H for habitat if a threatened or endangered species is
located within the wetland polygon or if the wetland has been identified as an
exemplary or unique natural ecosystem or special wildlife habitat by the Natural
Heritage Program. A wetlandisalso rated H for habitat if it provides excellent
Terrestrial Habitat (H) or Aquatic Life Habitat (H). Wetlandsarenot penalized
for providing habitat for only terrestrial or only aquatic wildlife. However,
wetlands that provide only low levels of habitat for both terrestrial and aquatic
wildlife are rated low (L).



Parameter Evaluation and Combination

IV. Potential Risk of Wetland Loss (prf0Ol)

A. Landscape Character (prf011)
1. Wetland Extent and Rarity (prf0111)
a. Percent of hydrologic unit composed of wetlands (prf01111)

H < 20%
M 20-50%
L > 50%

b. Percent of wetlands in larger area unit composed of this type

(prf01112)
H < 10%
M 10-25%
L > 25%

RATING SYSTEM FOR WETLAND EXTENT AND RARITY

H Either (a) or (b) rated H
M Other combinations
L Both (a) and (b) rated L

2. Land usein hydrologic unit (prf0112)
a. Percent of land in agricultural use (prf01121)

H >40%
M 10-40%
L <10%

b. Percent of land in pine plantations (prf01122)

H >30%
M 10-30%
L < 10%

c. Percent of land in urban/developed uses (prf01123)

H >1%
M 01-1%
L <0.1%

RATING SYSTEM FOR LAND USE

H Any one parameter rated H with at least one other rated M or
higher

M Other combinations

L Two or more parameters rated L with none rated H

RATING SYSTEM FOR LANDSCAPE CHARACTER

H Either parameter rated H
M Other combinations
L Both parameters rated L
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Brief Explanations

V. Potential Risk of Wetland Loss: This factor evaluates the wetland's
significance (in relation to theland use and water characteristics of thelandscape
inwhich it functions) to determine the relative risk to watershed integrity posed
by the wetland's loss. Parameter evaluation and rating systems are the same for
depressional as for riverine/headwater wetlands.

IVA. These parameters evaluate the wetland's significancein terms of itsrolein
thelandscape. Thefewer wetlands there are and the moreintensively used isthe
land in the watershed, the more significant is the wetland's function.

la. The higher the proportion of a watershed's land area that is occupied by
wetlands, the less vital to the watershed's integrity is one particular wetland.
Values are based on conditions in the NC coastal area, where wetlands often
comprise 50% or more of the land area. Values would be different for other
landscapes with fewer wetlands.

1b. Thisisarating of therarity of thistype of wetland in the larger landscape.
In terms of its contribution to landscape diversity, therarer the wetland type, the
greater isits significance.

RATING SYSTEM - Wetland Extent and Rarity: If either the proportion of
wetlandsin the watershed islow or thewetland isararetype, theratingisH. If
wetlands are widespread in the landscape and this wetland type is common, the
ratingisL.

2. Themoreintensiveland useisin the watershed, thegreater the significance
of the functions of remaining wetlandsis. The predominant anthropogenic land
uses in the coastal area are agriculture, intensive forestry, and urban/residential
development.

2a. Agricultural landisasignificant source of nonpoint source pollution. The
moreagricultural land thereisin the landscape, the more significant thewetlands
arein removing pollutants before they enter surface waters.

2b. Pine plantations are the most common form of intensive forest
management. During the harvest and regeneration stages of the management
cycle, they can be significant sources of nonpoint source pollution.

2c. Land development increases surface runoff, increases pollutant loadings,
and destroys wildlife habitat. As development increases, all the functions of
remaining wetlands become more significant. Since thisis the most intensive
land use with the most adverseimpacts, only asmall proportion of the landscape
needs to be developed to give wetlands an H rating.

RATING SYSTEM - Land Use: If any oneof theintensiveland usesoccupiesa
significant portion of the watershed and the other two are not both L, theland use
parameter is rated H. If two or more of the land uses are of low intensity and
noneis high, the landscape is largely in natural vegetation, and theratingisL.

RATING SYSTEM - Landscape Character: If the extent of wetlandsin the
watershed is small or the wetland is of araretype, the functions of remaining
wetlands are highly significant. Similarly if the land use is intensive, the
functions of remaining wetlands are highly significant. If, on the other hand,
wetlands are common, thisparticular wetland isacommon type, and most of the
landscape is in natural vegetation, the loss of this wetland would probably not
have a significant detrimental impact on landscape functions.



Parameter Evaluation and Combination

B. Watershed Water Quality Characteristics (prf012)
1. Classification of Major Water Body in the Water shed (prf0121)
H  SA, ORW, HQW, WS, WSH1, NSW, URW
M B,WSIII, SB
L CsC

2. UseSupport of Water Bodiesin Water shed (prf0122)
H > 25% of stream miles or water body area in watershed less
than fully supporting
M 10-25% of stream miles or water body area in watershed less
than fully supporting
L < 10% of stream miles or water body area in watershed less
than fully supporting

3. Classification of Water Body Receiving Water shed Output
(prf0123)
H SA, ORW, HQW, WS-, WS-, NSW, URW
M B.WSHII, SB
L C,sC

RATING SYSTEM FOR WATERSHED WATER QUALITY
CHARACTERISTICS

H Any one parameter rated H

M Other combinations

L Any two parameters rated L, none rated H

C. Replacement Difficulty for Wetland Functions (prf013)
1. Wetland Type (prf0131)
H Pocosin, maritime forest
M Swamp forest, headwater swamp, hardwood or pine flat
L Freshwater marsh, pine plantation

2. Replacement Site Availability (prf0132)
H  No replacement site identified in watershed
M Non-wetland restoration site available in watershed
L Degraded wetland site of same type identified in watershed

RATING SYSTEM FOR REPLACEMENT DIFFICULTY
H (2) rated H or (1) rated H and (2) rated M
M Other combinations
L Both parametersrated L or (1) rated L and (2) rated M

Brief Explanations

IVB. This series of parameters considers water quality within and
downstream of the watershed containing the wetland. The water quality
functions of awetland become more significant as the assimilative capacity
of receiving waters decreases.

1. Thisisan indication of how important water quality considerationsarein
the watershed. If water bodies have a high classification, maintaining their
quality is an important consideration. If waters are subject to high nutrient
concentrations or have been identified asimpaired waters where uses can be
restored, prevention of pollutant additionsis significant.

2. Use support designationsindicate water quality impairment in relationto
useclassifications. Themoreimpaired waters exist in awatershed, themore
significant are wetland functions in maintaining water quality.

3. This parameter considers the watershed in the context of what lies
downstream. If the water body receiving the output from the watershed is
classified such that prevention of additional pollutant loading is highly
significant, then wetlands in the watershed are of greater significance in
maintaining water quality.

RATING SYSTEM - Watershed Water Quality Characteristics: If the
water in a watershed or in the downstream watershed has a high quality
classification, is nutrient sensitive, or is targeted for use restoration, the
water quality functions of wetlands in the watershed are highly significant.
If water quality in the watershed is impaired as indicated by its failure to
support intended uses, wetlands are significant in preventing further
impairment.

IVC. If thefunctions of thiswetland could berelatively easily replaced by
restoration or creation of another wetland within the samewatershed, itsloss
islesssignificant thanif its functions cannot be replaced. Thisconsideration
assumes implementation of compensatory mitigation for any wetland permit
granted.

1. Wetland types in the lowest group are relatively easy to restore.
Those in the middle group are more difficult to restore hydrologically, and
their vegetation takes along time to mature. Wetlandsin the highest group
are very difficult to restore dueto the peculiar nature of their hydrology and
the unique site requirements of their vegetation.

2. If a degraded wetland of the same type exists in the watershed, it
would be relatively simple to restore it to replace this wetland's functions.
Restoring asite that has been completely converted but is otherwise suitable
is more difficult, but still possible. If thereisno suitable restoration sitein
the watershed, replacing this wetland's functions is essentially impossible.
Potential restoration sites are located and classified by DCM's restoration
site mapping which isdonein conjunction with devel oping thewetland data.

RATING SYSTEM - Wetland Replacement Potential: If norestoration
site is available in the watershed, the difficulty of replacing the wetland's
functions in the local landscape is high. If the wetland is in the most
difficult group to restore and no degraded site of the same typeis available
for enhancement, replacement difficulty israted H. If the wetland type is
relatively easy to restore and any restoration site is available in the
watershed, replacement difficulty israted L.



Parameter Evaluation and Combination

D. Wetland Enhancement Potential of Site (prf014)

This parameter is considered only if the wetland is rated of low value for
the primary wetland functions.

H  Drained or partially drained wetland with natural vegetation intact

M  Drained or partialy drained and converted to pine plantation or
other intensively-managed forest type

L Wetland intact, but of low functional significance

OVERALL RATING SYSTEM FOR POTENTIAL RISK OF
WETLAND LOSS

H  Atleast two of (A), (B), & (C) rated H

M (D) rated H or other combinations

L Any two of (A), (B), & (C) rated L with no parameters rated H
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Brief Explanations

1VD. If awetland has low functional significance because it is degraded
because of drainage or other disturbance, it may still have the potential to be
restored or enhanced to higher levels of function to replace functions lost
elsewhere. The closer the wetland is to its fully functioning state, i.e., the
less it has been disturbed, the more practical is its enhancement or
restoration and the higher is its significance as a potential restoration or
enhancement site. Thisisa"bonus' parameter for wetlands that have been
degraded by past human activity. If the wetland is simply of low
significance in and of itself, it rates L on this parameter as well.

OVERALL RATING SYSTEM - Potential Risk of Wetland Loss: If
any two of therisk parameters other than enhancement potential arerated H,
the risk to watershed functional integrity of losing the wetland is rated H.
Thisoccursif land useisintense and water quality isimpaired, if land useis
intense and the wetland's functions would be very difficult to replace, or if
water quality isimpaired and replacement difficulty is high. If any two of
these same considerations are rated L and the third is not rated H, the risk
factor israted L. Restoration potential istreated asa"bonus' parameter, not
of enough significance by itself to give awetland an H risk rating but as a
way of recognizing theimportance of protecting potential restoration sitesby
preventing their receiving an L rating for all considerations simply because
they have been degraded by human activity.



Overall Wetland Rating System

The previously described considerations rate the significance of the wetland in performing water quality, hydrologic, and
habitat functions and the potential risk to landscape functional integrity of removing thewetland fromitswatershed. All ratings
are assigned on awatershed basis for the 14-digit hydrologic unit. Of these four considerations, water quality, hydrology, and
habitat functions are combined to determine one overall wetland functional significancerating. NC-CREWS placeswetlandsinto
one of three overall wetland ratings: Exceptional functional significance, Substantial functional significance, and Beneficial
functional significance. The combination determinations are summarized below:

Exceptional Meet one of the overriding considerations listed below
Exceptional Two primary functions (water quality, hydrology, and habitat) are rated H
Substantial Buffer to Exceptional rated wetland; other combinations

Beneficial Two of the primary wetland functions rated L and none rated H

Wetlands receive an Exceptional functional significancerating if two o the primary wetland functionsarerated High. Also,
if the wetland meets any one of the overriding considerations, it is rated as being of Exceptional functional significance.
Overriding considerations are:

1. Meetsthe North Carolinastatutory definition of a"coastal wetland,” or isan estuarineforested or estuarine scrub-shrub

wetland

2. Isadjacent to aprimary nursery area or

3. Isknown habitat for threatened or endangered species, or isidentified by the Natural Heritage Program as a unique

natural ecosystem or special wildlife habitat

Wetlands receive a Substantial functional significance rating whenever only one of the wetland functions is highly
functioning or when no more than one of thefunctionsisrated low (i.e. two of the functions are performing at moderate or higher
levels). Wetlands that perform functions at low levels, but aso are located adjacent to wetlands of Exceptional functional
significance receive a Substantial significance rating because of their buffering capabilities. Wetlands receive a Beneficia
functiona significance rating whenever any two primary functions are of low significance for the wetland and none are high.
Sample NCCREWS maps are shown in Figure 9 and 10.

The overall wetland rating system gives more weight to the functional characteristics of the wetland than to the potential risk
factor. Infact, the overall wetland rating system does not even consider “ Potential Risk of Wetland Loss’ in determining the
overal functiona significance of individual wetlands. Potential Risk is not used to influence a wetland' s overall functional
rating because it is not an abiotic function of wetlands. Instead, Potential Risk isan estimation of the potential loss of function
and risk to awatershed if individual wetlands ceased to continue to perform existing functions.

Nevertheless, since Potential Risk can be used to help determine awetland’ secological significancein thewatershed, itis
calculated and designed to be used in conjunction with the functional significance ratings. Wetland managers, local
governments, devel opers, and otherswho use the results of NC-CREWS are encouraged to consider both the* Overall Functional
Significance” and the Potential Risk ratings whenever making wetland decisions. When the Division of Coastal M anagement
publishes maps showing the NC-CREWS functional assessment results, the Potential Risk estimations are commonly co-
displayed with the overall wetland ratings as hatch patterns. By using the datain thisway, wetland decision makers can readily
identify wetlands that are functionally exceptional and those whose loss might pose a high risk to watershed integrity.

The overall wetland rating system works the same way for depressional wetlands as for riverine/headwater wetlands.
Differencesin the rating systems for each function reflect the differing functional roles of these different hydrogeomorphic
classes of wetlands. Because of the more limited water quality and hydrologic functions of depressional wetlands, it may be
lesslikely that their overall functional significance will be rated Exceptional, but it isno less likely to receive a Substantial
functional significance rating.
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Figure 9: NCCREWS Map for Carteret Co., NC
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NCCREWS Data at Watershed Scale
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Figure 10. Watershed level NCCREWS Map, Carteret Co., NC
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[
ECOLOGICAL BASIS
AND ASSUMPTIONS SeCtlon 4

Each of the parameter evaluation and combination steps in NC-CREWS is based on certain assumptions regarding wetland
functions in relation to the surrounding landscape. To the greatest extent possible, these assumptions are based on fundamental
principles of wetland and landscape ecology derived from studies reported in the scientific literature. This Section reviews the
assumptions involved in each step of the procedure and documents the scientific basis for them.

Since current understanding of many aspects of wetland ecology and landscape function is rudimentary, some of the assumptions
may proveto beinaccurate asfurther study increases knowledge about these processes. Some of the assumptions may also beinvaidin
other geographic areaswith climatic, topographic, or biological differencesfrom the North CarolinaCoastal Plain. Thisexplanation and
documentation of the assumptions implicit in each step of the functional assessment procedure will help to identify which steps may
need revision to fit different conditions or increased understanding of the underlying processes.

Basic Considerations

Landscape Context

Most traditional wetland functional assessment procedures are site-based. Evaluation decisions are derived from a static view of
thesiteinits present condition with little or no consideration of the dimensions of time and space (Gosselink and Lee, 1986). The NC-
CREWS procedure, in contrast, heavily weighsthe spatial and temporal dynamics of wetland function. The majority of the parameters
consider watershed and landscape rather than site characteristics (see page 7), and the separate eval uation of opportunity and capacity
parameters accounts for temporal changes in surrounding land use (see page 13).

The underlying assumption of this approach isthat wetland functions are not primarily the product of particul ar wetland sites but of
the relationships between a particular site and its surroundings (Patience and Klemas, 1993). The occurrence and maintenance of
wetlands and the processes that occur within them are aresult of acombination of large-scale, long-term characteristics of watersheds,
landscapes, and regional climatic regimes and of morelocal processes (Winter, 1988; Siegel, 1988; O'Brien, 1988). Local, site-specific
characteristics of awetland must be evaluated within the context of the landscape in which it exists to truly begin to understand the
ecological significance of the wetland's functions. These functions are more accurately viewed as landscape functions rather than
functions of individual wetlands (Leibowitz, et al., 1992).

Inadequate consideration of the landscape context in functional assessment can also lead to erroneous evaluations of wetland
significance. For example, a wetland that has recently been cut over or burned may lack many of the site-specific characteristics of
ecological integrity that would lead to a high evaluation under many site-based methods. Such ahighly disturbed site may, indeed, be
performing some functions at alower level than if it were undisturbed. But even at below optimum levels, those functions may be of
high significance in maintaining overall landscape integrity.

Functions and Values

In assessing wetland significance, adistinction is often made between the terms*function” and "value." Wetland functionsarea
result of physical, chemical, and biological processes that operate independently of any real or perceived benefit to human society
(Adamus et al., 1991). Vaues may be considered as goods and services that result from wetland attributes or functions and that are
considered to be of some socia or economic benefit to society (Taylor et a., 1990).

The distinction between wetland functions and values is often fuzzy, since any assessment procedure evaluates wetlands from a
human perspective. Thefact that wetland fill isregulated by the 8404 Program reflects a political decision that wetlands have valueto
society. Society has often made the decision that it is worth foregoing some potential land uses in order to maintain functions or
characteristics that wefind valuable. This concept isuniversal in that it has been applied to both wetlands and other types of lands. In
relation to wetland protection, the purpose of functional assessment is to identify those wetlands that are of most value and that,
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therefore, should be most stringently protected. So even though we may be attempting to evaluate "functions,” we are doing so because
we have defined them as "valuable.”

In reality, most of the recognized functions of wetlands have easily identified societal values (Brinson, 1993). That isparticularly
true when the functions being considered are landscape functions of wetlands as opposed to internal ecosystem functions. Asdiscussed
above, NC-CREWS focuses on the landscape functions of wetlands rather than the site-specific functions of individua wetland
ecosystems. The ecosystem being evaluated is an entire watershed, of which each individual wetland isacomponent, and the functions
being evaluated aretheroles of theindividual wetland in the watershed. Thewetlandsrated asmost highly significant arethosethat play
the most significant rolesin maintaining the stability and integrity of watershed processes. With thisapproach, the distinction between
functions and values is not particularly useful.

NC-CREWS, however, deliberately omits consideration of some wetland attributes that have been included in other functional
assessment procedures. Attributesthat are solely "values' in the sense of actual or potential human uses of awetland, such asrecreation,
education, and timber harvesting, are not included. While these may be socially valuable uses of some wetlands, they bear no necessary
relationship to the wetland's landscape functions or ecological significance. If certain wetland sites are considered to be sufficiently
valuable for these uses, mechanisms other than regulatory protection can be used to protect them for that purpose.

Primary Wetland Functions
The ecological functions of wetlands are commonly grouped into three general categories (Leibowitz, et al., 1992).

Water Quality Functions
Water quality improvement, nutrient cycling and supply

Hydrologic Functions
Flood attenuation and moderation of hydrologic flow

Habitat Functions
Support for wildlife and fish, including food, shelter, and breeding sites

Thisgroupinginto functional categories has become a standard and well-accepted means of summarizing wetland functionsandisused
as the basis for the hierarchical structure of NC-CREWS. Assumptions upon which evaluation of the significance of a wetland in
performing each of these functional categoriesis based are discussed below.

Water Quality Functions

It iswell documented that the presence or absence of wetlandsin awatershed can have significant effects on water quality
(Jones et al., 1976; Whigham et al., 1988; Detenbeck et al., 1988; Johnston et al., 1990). Water quality functions of wetlands are
the result of avariety of biogeochemical processes acting collectively to alter and improve the quality of surface waters (Hemond
and Benoit, 1988). Wetlands function within alandscape as sinks or transformers of suspended inorganic sediments, inorganic
phosphorus, nitrate, sulfate, and toxins (Leibowitz et al., 1992; Adamus et al., 1991; Johnston, 1991;). By buffering surface and
ground waters from these potentially damaging substances, wetlands can play a highly significant role in maintaining water quality
(Brinson, 1988).

Water bearing potentialy polluting substances can enter wetlands as overland runoff or by overbank flow. Water entering
wetlands by overland runoff has not yet entered surface waters, while overbank flow comesfrom streams. Thesetwo distinctly different
water sources and the water quality functions of wetlandsin relation to them are treated separately in NC-CREWS.

40



Nonpoint Source Function

This water quality subfunction of wetlands consists of the removal of particulates, nutrients, and toxins from surface
runoff water before the water enters streams, lakes, or estuaries. Many studies have documented this function of wetlands,
including several performed specifically in the North Carolina coastal plain (Cooper et al., 1986; Gilliam et al., 1986). Four
parametersare used in NC-CREWS to eval uate wetland significancein performing thisfunction: (1) proximity of thewetland
to pollutant sources; (2) proximity of thewetland to surface water bodies; (3) watershed position of thewetland; and (4) on-site
conditions.

Proximity to Sources

H > 20% perimeter agriculture + devel oped
M > 20% perimeter agriculture + developed + pine plantation

L < 20% perimeter agriculture + developed + pine plantation

This parameter considers the likelihood that polluted runoff water will enter awetland based on predominant adjacent
land uses. Agricultural and developed land are assumed to be the greatest potential contributors of pollutants. Areasthat are
not agriculture, developed, or pine plantation are in natural vegetation, open water, and other classes. Of these, natural
vegetation is assumed to contribute the least. Managed pine plantations are considered as greater contributors than natural
vegetation but less than agricultural or developed lands.

Agricultureisaground-disturbing activity that hasalarge potential asasediment source. Useof fertilizersand pesticides
and field applications of animal wastes increase the likelihood that runoff from agricultural fields will contain potentially
harmful concentrations of nutrients, toxins, and bacteria that may pollute surface and groundwater (Stewart et a., 1976;
Leonard, 1980; Daniel et a., 1982; Canter, 1987). Agriculture is generally accepted asthe major source of nonpoint source
pollutants in the North Carolina coastal area (Natural Resources Conservation Service, 1994).

Land devel opment and urbani zation invol ve site clearing, grading, and increasesin impervious surfaces and maintained
landscapes (Schueler, 1987). Theselandscape changes, together with increasing population density, result inincreased runoff
and pollutant loadings. Major pollutants found in runoff from devel oped areasinclude sediment, nutrients, oxygen-demanding
substances, road salts, heavy metals, petroleum hydrocarbons, bacteria, and viruses (US EPA, 1993). While dense urban
development occupies only a small proportion of the North Carolina coastal area, population increases and tourism are
resulting inincreasesin developed land with acorresponding increase in the significance of urban runoff asapollutant source.

Intensivesilviculture, particularly road construction, timber harvesting, and site preparation, can result in increased runoff
with heavy sediment and nutrient loads (Pardo, 1980; Coatsand Miller, 1981). Fertilization of forest standsduring therotation
can asoresultintemporary increasesin nitrogen and phosphorusin surface runoff (Campbell, 1989). Theimpactsof forestry
on surface runoff, however, are transient, and even intensively managed pine plantations have little impact on water quality
during much of therotation (Shepard, 1994). While pine plantations currently occupy alarge proportion of theNorth Carolina
coastal landscape, they are arelatively minor source of pollutants compared with agricultural and developed lands.

Naturally vegetated landsin the North Carolinacoastal plain aretypically covered by woody plants, either forest or shrub-
scrub. Whileessentially none of the areaistruly undisturbed, naturally vegetated areas are minor sources of pollutantsand are
considered the baseline condition against which other land covers are compared.

Proximity to Surface Water Bodies

H Within 300 ft. of permanent surface water
M Within 300 ft. of intermittent stream
L > 300 ft. from permanent or intermittent surface water

Proximity to surface water isan indicator of the likelihood that polluted runoff entering awetland would otherwise enter
surface water. While wetlands anywhere in the landscape can remove pollutants from runoff water entering them, the
significance of thisfunction in maintaining water quality is greatest where thewater would otherwiseflow directly into asurface
water body. In evaluation of this parameter, wetlands are considered to be of most significance if they are within 300 feet of
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permanent surface water and of lower significanceif they are within 300 feet of an intermittent stream. Wetlands greater than
300 feet from any surface water are considered of lowest significance.

The assumption that wetlands closer to surface water are more significant in performing the nonpoint sourceremoval function
is based primarily on best professional judgment rather than scientific studies. Therole of riparian areas in removing pollutants
from runoff is, however, well documented (Cooper et a., 1986, 1987; DEHNR, 1991). Riparian wetlands serve asnatural buffers
between uplands and adjacent water bodies, and loss of these systems allows for a more direct contribution of nonpoint source
pollutants to receiving waters (US EPA, 1993).

The 300 foot distance, unfortunately, is arbitrary. There have been many studies on the effects of buffer width, but no
conclusiveresults (DEHNR, 1991). It should be noted that, in order to receive an H rating for this parameter, awetland need only
be within 300 feet of surface water, not necessarily afull 300 feet inwidth. Thisisameasure of proximity to water, not of wetland
width, making the buffer width literaturelargely irrelevant. In coastal North Carolina, awetland within 300 feet of surfacewater is
likely to beimmediately adjacent to the water, i.e., to be ariverine, lacustrine, or fringe wetland (Brinson, 1988). The objective of
this parameter isto differentiate the role of these wetlands from that of depressional or flat wetlands that are likely to be agreater
distance from surface water.

Watershed Position
H Intermittent or first order stream
M Second or third order stream
L Higher than third order stream

Evaluation of this parameter is based on the assumption that headwater wetlands are more significant in removing nonpoint
source pollutants than are wetlands further downstream in a watershed. Order of the stream nearest the wetland is used as an
indicator of watershed position.

Thisassumptionisquitewell documentedin theliterature. Aswater runsoff uplands, it first encounterswetlandsin riparian
areas associated with small streams (Whigham et a., 1988). In coastal North Carolina, these headwater riparian areas are
commonly bordered by agricultural fields, and wetlandsimmediately bel ow the source of nonpoint pollution are the most effective
filters (Cooper et al., 1986; Lowrance et al., 1983; Phillips, 1989b). Because of the much greater length of small tributary (lower
order) streams than higher order main-stem streamsin awatershed (Leopold et ., 1964), ahigher proportion of runoff water flows
through upstream riparian wetlands than through wetlands further downstream (Brinson, 1988).

Site Conditions

The internal characteristics of an individual wetland site are also important determinants of its ability to remove and retain
nonpoint source pollutants. Biological and physical properties of vegetation and soils affect water flow-through ratesand detention
time, aswell asawetland's capacity for nutrient transformation and long-term storage of nutrientsand toxins (Adamuset d., 1991).

These factors are eval uated based on wetland type and predominant underlying soil.

a. Wetland Type

H Bottomland hardwood, swamp forest, headwater swamp
M Freshwater marsh, pine flat, hardwood flat, pocosin, maritime forest,
L Managed pine plantation, human impacted sites

The approach taken in this parameter isto rate wetlands by the classification used in DCM'swetland mapping. Itisbased on
the assumption that all wetlands of a given type are similar enough in structure and general characteristics that they will have the
same capacity for removing nonpoint source pollutants.

The grouping of wetland types by high, moderate or low capacity is based on statistical analysisof field data, asexplainedin
Appendix B. Datawere collected on the presence or absence of variousindicators of capacity for runoff water retention, nutrient
transformation and processing, detrital storage, etc. In general, wetland typeswith typically high vegetation density, organic matter
accumulation, and long-term water storage capacity rate highest. Wetland types with generally high levels of disturbance and
relatively little vegetational structure rate lowest.
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b. Soil

H Histosol or frequently flooded mineral soil with high clay and organic matter
M Infrequently flooded mineral soil with high clay and organic matter
L Infrequently flooded mineral soil with low clay and organic matter

In addition to wetland type, characteristics of the predominant soil series underlying the wetland are used to evaluate site
suitability for nonpoint source pollutant removal. While vegetation and site structure as indicated by wetland type bear on the
removal of both sediments and non-particul ates, soil characteristics havelittle bearing on awetland's capacity for sediment removal.

Soil characteristics can bevery important, however, in determining asite's effectivenessin holding and transforming nutrientsand
toxins (Adamus et al., 1991).

The primary assumptionsin evaluating soil characteristicsfor thisfunction arethat soilswith high cation exchange capacity
and are subject to frequent anaerobic conditions are the most effective in holding and transforming chemical compounds. Cation
exchange capacity isameasure of asoil'sability to adsorb nutrientsand isnormally highest in soil swith high organic matter or clay
content. Alternating aerobic and anaerobic conditions lead to most rapid rates of denitrification, themicrobial conversion of nitrate
to gaseous nitrogen.

Fine textured mineral soils, which normally have high concentrations of aluminum and iron, have high capacities to retain
phosphorus (Richardson, 1985). Fine textured soils also have high pore volume and surface area and, therefore, more contact
between water and soil and higher cation exchange capacities than coarser textured soils.

High soil organic matter absorbs metals more effectively than do clays. Mercury, copper, lead, and cadmium have al been
shown to beretained by wetland organic sediments (Hart, 1982). Organochloride pesticidesare also readily degraded in anaerobic,
sulfide-rich, fine sediment organic soilstypical of many wetlands (Adamus, 1991).

Organic matter also isrequired for denitrification but is probably not limiting in most hydric soils (Brinson et d., 1984). Since
denitrification, which occurs under anaerobic conditions, is coupled with nitrification, which occurs under aerobic conditions, the
highest rates of denitrification occur with fluctuations between aerobic and anaerobic conditions (Reddy and Patrick, 1976).

Given this combination of soil-related processes which influence nutrient and toxin retention and transformation, soils most
effective in performing these functions will be those with high clay and/or organic matter contents and which undergo frequent
flooding. The specific soil series that exhibit these characteristics are selected from the county soil survey for the area being
evaluated. For the Carteret County, NC, areain which the functional assessment procedure was developed and first applied, the
soilsfalling inthe H, M, and L groups are shown in Table 2.

Class Soil Series

H Histosols or frequently flooded mineral soils with high Belhaven, Carteret, Croatan, Dare, Deloss (Dm), Dorovan,
clay & organic matter content Duckston, Hobucken, Lafitte, Masontown, Masontown-
Muckalee, Ponzer

M Infrequently flooded mineral soils with high clay & Arapahoe, Bayboro, Deloss (De), Grantham, Murville,
organic matter Pantego, Rains, Tomotley, Torhunta, Wasda

L Infrequently flooded mineral soils with low clay & Leaf, Leon, Meggett, Roanoke
organic matter

Table 2. Carteret County Soil series falling into H, M, and L classes for water quality functions.

Floodwater Cleansing Function

Thiswater quality subfunction consists of the removal of sediments, nutrients, and toxinsfromwater that entersawetland
by overbank flow from aflooding stream. Of the three hydrogeomorphic classes used in NC-CREWS, only riverine wetlands

43



perform this function, since neither headwater nor depressional wetlands are normally in landscape positions to receive
overbank flow (Brinson, 1988; 1993). Whileriverinewetlands can a so remove nonpoint source pollutants from upland runoff,
overbank flow so dominatesin floodplain wetlands along larger streamsthat floodwater cleansing isakey water quality function
(Brinson, 1988).

Thedominant hydrologic feature of riverinewetlandsis periodic flooding. During high water periodsin whichwater from
streams entersriverine floodplains, substancesin thewater, including sediments, nutrients, and toxins, are deposited in riparian
wetlands, removing them from surface waters (Mitsch et a., 1979; Kuenzler et al., 1980; Y arbro et al., 1984; Kuenzler and
Craig, 1986; Whigham et al., 1988). Several factors determine the extent to which this pollutant removal occurs. The specific
parameters considered in NC-CREWS include: (1) the source of in-stream water and the proximity of thewetland to sources; (2)
the duration of flooding; (3) the width of wetland subject to flooding; and (4) site conditions within the wetland.

Water Source and Proximity to Sources

For streams entering the HU from outside:

H In floodplain of Piedmont-draining stream or upstream HU > 50% agricultural plus developed land
M In floodplain of coastal plain draining stream with upstream HU < 50% agriculture plus devel oped
L Not in floodplain

For streams originating in the HU:

H > 25% of stream length in HU bordered by agricultural or developed land
M 5-25% of stream length bordered by agricultural or developed land
L < 5% of stream length bordered by agricultural or developed land

This parameter evaluates the opportunity for awetland to perform flood water cleansing based on the likelihood that in-
stream water contains significant amounts of pollutants. One or the other of the above evaluations is used, depending upon
whether the stream adjacent to the wetland arises within the hydrologic unit being evaluated or entersit from outside the HU
boundary.

In either case, it is assumed that the moreintensive land use activities that occur upstream of the wetland, the higher the
likelihood of increased pollutant concentration in stream water. 1tiswell documented that densely vegetated watersheds export
less sediment, suspended toxins, and nutrients than disturbed watersheds (Bormann et al., 1974; Ostry, 1982; Duda, 1982;
Chang et al., 1983; Cooper et a., 1986; Adamus et al., 1991). Fertilization of agricultura land, livestock raising, and land
development increase nutrient and sediment loadings (Jones et al ., 1976; Kuenzler and Craig, 1986). Table 3illustratestypical
differences in nutrient exports from different land covers (reproduced from Adamus, 1991; based on studies reviewed by
Farnworth et al., 1979).

Mean Export
(kg/halyear
Land Cover

Total N Total P
Forest 3.10 0.10
Forest & Pasture 4.70 0.28
Agricultural 10.60 0.18
Urban 6.70 4.80

Table 3. Mean nutrient exports from different land covers.

Itisfurther assumed that, for streams entering from outside the HU boundaries, streamsthat originatein themore heavily
urbanized Piedmont region will carry substantial pollution loads. The validity of this assumption, however, depends on
upstream pollutant loadings being carried downstream into the coastal area, whichisquestioned by Phillips(1989a, 1991). The
percentages of stream length bordered by various land uses that are used to determine H, M or L values are based on best
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professional judgment for conditionstypical of the North Carolinacoastal plain and are subject to change for other areasor if
better information becomes available.

Duration of Flooding

H Wetland is flooded 'long to very long' periods

M  Wetland is flooded ‘brief' periods

L Wetland isflooded ‘very brief' periods or not at all

If the stream is channelized, the rating for adjacent wetlands is reduced by one level.

The assumption is made that wetlands that are subject to seasonal flooding of long duration are more likely to retain
sediments, nutrients, and toxins. The longer the period of flooding, the greater the settling time for suspended sedimentsand
the more sediment deposition is likely to occur (Adamus et al., 1991; Jordan et al., 1986). Since phosphorus and toxins are
normally associated with suspended parti cul ates rather than being in solution (Froelich, 1988), retention time can be significant
inremoval of these substances. Since denitrification occurs under anaerobic conditions, longer periods of flooding can aso
result in greater total nitrogen conversion by the wetland (Reddy and Patrick, 1976).

This parameter is qualified by the presence or absence of channelization of the stream, acommon situation in the North
Carolina coastal plain. Channelization has been performed to accel erate water movement downstream to alleviate flooding
problemsin areas bordering the stream. By so doing, channelization decreasesthe flow of flood water into riverine wetlands
and shortens the duration of flooding, decreasing the wetlands' effectiveness in removing sediments and nutrients from the
water (Adamus, 1991). Watershedswith channelized streams and drainage ditches are significantly less effectivefor removing
nutrients than those with natural drainage and undisturbed wetlands (Bedient et al., 1976; Chescheir et al., 1987).

Site Conditions

a. Wetland Type
H Bottomland hardwood, swamp forest
L Other wetland types

Aswith all wetland type evaluations in NC-CREWS, the grouping of wetland types used in this parameter is based on
review of field data, as explained in Appendix B. Wetland type characteristics relevant to flood water cleansing include
indicators of capacity for sediment capture, nutrient transformation, removal of dissolved materials, and retention of woody
materials.

Inthefield sampling, just two of thewetland types, bottomland hardwood and swamp forest, occupied 95 percent of the
riverine sites capable of performing the flood water cleansing function. Both of these types have similar characteristicsin
regard to their capacity for sediment, nutrient, and toxin removal, and both areincluded in the H category. No basisexistsfor
further division of other wetland types between M and L categories. For those rare instances in which a wetland type other
than bottomland hardwood or swamp forest occupies asite subj ect to overbank flooding from astream, the wetland typerating
for thesiteisL.

b. Soil
H  Histosol or frequently flooded mineral soil with high clay and organic matter
M Infrequently flooded mineral soil with high clay and organic matter
Infrequently flooded mineral soil with low clay and organic matter

-

The same soil characteristicsthat favor nonpoint source pollutant removal aso favor flood water pollutant removal, i.e.,
high cation exchange capacity and frequent anoxia. Consequently, the soil characteristics breakdown and soil seriesincluded
in each category are the same as those given on page 41.
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Width of Wetland Perpendicular to Stream

H > 100 feet
M 50-100 feet
L <50 feet

Evaluation of this parameter assumes that wider wetlands that allow flood water to spread out over alarger area are more
effective at removing pollutants from the water. The wider the area into which flood waters flow, the greater is the reduction in
flow velocity and the shallower isthe water depth, both of which increase pollutant removal. Thewidth valuesused are meant more
to distinguish between narrow strips of riparian wetlands and more extensive wetland areasrather than to have absolute significance
in themselves.

Riverine wetlands exert their influence on in-stream water quality primarily through slowing the flow rate of flood water.
Wider wetlands reduce flow rates more than narrow ones by decreasing channel restriction and by offering greater frictiona
resistance to flow. Most resistanceto flow is provided by vegetation, and the wider the wetland the more vegetation is exposed to
flowing water. Water depth will also be lessin wider wetlands, and the shallower the water, the greater the frictional resistance
provided by the vegetation (Adamus, 1991).

Flow velocity isthe single most important factor affecting sediment trapping efficiency (Dendy, 1974; Karr and Schlosser,
1977). The slower the flow velocity, the more likely nutrients will be retained by sedimentation (Knight et al., 1984.). Longer
residence times resulting from lower flow rates also favor nutrient removing processes such as plant uptake and denitrification
(Mulholland, 1981). Yarbro et al. (1984) determined in the North Carolina coastal plain that the wider the area of floodplain
inundated, the greater the proportion of incoming phosphorus was retained.

Hydrology Functions

The hydrol ogic functions of wetlands are the result of water storage, in which peak flows from runoff, surface flow, ground
water discharge, and precipitation enter awetland and are delayed in their down slope movement (Adamus, 1991). Thistemporary
storage of water in wetlands results in desynchronization of downstream flow which, under most circumstances, decreases
downstream flood peaks (Thomas and Benson, 1970; Novitski, 1979; Verry and Boelter, 1979; Kittelson, 1988). Comparisons of
watersheds before and after wetland drainage (Brun et a ., 1981) and of watershedswith drained versus undrained wetland acreage
(Moore and Larson, 1979) show the importance of wetlands in desynchronizing peak flows.

A significant aspect of the flow desynchronization resulting from wetland water storage in coastal areasisthe prevention of
freshwater dilution of brackish water in estuaries (Street and McClees, 1981). If large areas of wetlands are drained or converted to
other land uses, rapid influxes of freshwater can substantially dilute the salinity of estuarine areas (Daniel, 1981), resultinginrapid
fluctuationsin salinity in nursery areas important for shellfish and finfish productivity. Salinity fluctuations have been shown to
decrease productivity of shrimp (Pate and Jones, 1981) and potentially of other important shellfish and finfish popul ations (Street
and McClees, 1981).

Water will flow into depressions anywhere they occur in the landscape. Wetlands not already filled to capacity with surface
water are generally effectivefor water storage. In addition to water entering directly in precipitation, water may flow into wetlands
asoverland runoff or overbank flow. Sincewetland and landscape characteristics determining the significance of storage of water
entering from these two sources are different, they are evaluated independently.

Surface Runoff Storage

This hydrol ogic subfunction includes storage of water that enters awetland as precipitation or as runoff from adjacent areas.
The surface runoff storage subfunction evaluates the wetlands capacity to slow or stop the rate at which water enters a stream
network. Since much of the water entering wetlands from these sources never enters a stream at al, but infiltrates to the ground
water or isreturned to the atmosphere through evapotranspiration, this subfunction can have great impact on downstream flow rates
(Adamus, 1991).

The significance of wetlands for surface runoff storage is evaluated by considering three parameters. (1) position of the
wetland in the watershed; (2) size of the wetland; and (3) site conditions within the wetland asindicated by wetland type and soil
properties.
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Watershed Position

H Intermittent or first order stream
M Second or third order stream
L > third order stream

The order of the stream nearest the wetland is used as an indicator of the effective position of the wetland in the hydrologic
unit. Strahler stream order isused, which numbersthe smallest streamsasfirst order. The assumption usedin rankingisthat wetlan-
ds further upstream in a watershed have greater significance in storing surface runoff than do downstream wetlands.

The first phenomenon on which this assumption is based is the fact that precipitation and surface flow are the predominant
water sources for upstream wetlands, while hydrology of downstream wetlandsis dominated by overbank flow (Brinson, 1988). The
percentage of total overland runoff that enters wetlands decreases as stream order increases (Whigham et al., 1988). This fact,
together with the greater length of low order than high order streamsin awatershed (Leopold et al., 1964) giveswetlandsalong low
order streams a greater significance in storing runoff water.

The second phenomenon involved in the importance of upstream wetlands in surface runoff storage is their role in
desynchronizing flood flows. Water storagein wetlands|ocated in headwaters desynchronizes peak flowsin tributaries, resultingin
lower peak flows downstream (Carter et al., 1979). A study by Novitski (1979) found that 50 percent of the reduction inflood pesks
results from the first five percent of wetland areain awatershed, and Flores et a. (1981) determined by simulation that detention
basins are most effectiveif located in the upper portion of awatershed. Wetlands|ocated in the uppermost portions of awatershed,
where the total acreage of wetlands and surface waters upstream of them isless than 7 percent of total wetland and surface water
acreage of the watershed, are the most effective (Ogawa and Male, 1983).

Wetland Size

H  Wetland is> 0.54% of total HU area
M Wetland is 0.05-0.54% of HU area
L Wetland is < 0.05% of HU area

One of the primary determinants of awetland's significance in influencing the hydrology of awatershed isthe wetland's size.
In simplest terms, thelarger awetland is, the morewater it can store. Many studies have confirmed thisassumption for thetotd area
of wetlands in awatershed (Novitski, 1979; Ogawa and Male, 1983; Verry and Boelter, 1979; Edgerton, 1973). Kittelson (1988)
extended the analysis to single wetland sites with the same conclusion.

Starting with the assumptions, then, that any wetland will store some water, and the larger awetland is the more water it can
store, the question remains asto how large an individual wetland must be to have an appreci able effect on watershed hydrology. The
studies cited above all examined wetland size as a percentage of total watershed area, and it is obvious that this is the soundest
approach. It wasimpossible, however, to find applicable valuesin theliterature on which to base awetland size - hydrologic signifi-
cance relationship for eastern North Carolina.

To determinethese valuesfor NC-CREWS, simulation modeling was used to determine the effect of wetland size on watershed
peak discharge. Several modelswere explored for applicability and tried on trial data sets, including AGNPS (Young et al., 1989),
TR-55, ANSWERS (Beas ey and Huggins, 1981), SWRRB (Arnold et a., 1990), and HEC-1 (US Army Corps of Engineers, 1990).
HEC-1 proved most useful for this purpose and was used to arrive at the wetland size figures used in this parameter.

Simulation results were used to devel op arel ationship between the percentage of watershed area converted from wetlands to
agriculture and the percentage increase in watershed peak discharge. Thisrelationship isshown in Figure 11. Cutoff pointswere
selected at 0.1, 1.0, and 5.0 percent change in peak runoff. These correspond to wetland areas of 0.05, 0.54, and 2.7 percent of
watershed area. An effect on watershed peak discharge of 0.1 percent or less is considered insignificant, while an effect of 1.0
percent or moreisconsidered highly significant. If awetland occupiessuch aproportion of itswatershed that itslosswould resultin
a5 percent or greater increasein peak discharge, thewetland israted at least M for this subfunction, regardless of itsrating for each
parameter.
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Figure 11. Relationship between wetland area and change in watershed peak discharge as
determined with HEC-1.

Site Conditions

a. Wetland Type
H Bottomland hardwood, swamp forest, headwater swamp, freshwater marsh
M Hardwood flat, pocosin, maritime forest,
L Pineflat, pine plantation, altered site

Complexity of vegetative structure, surface roughness, and internal ponding increase a wetland's capacity to store water
(Adamus, 1991). Thebottomland hardwood, swamp forest, and headwater swamp typesin the H category have maximum valuesfor
these characteristics. Freshwater marsh isincluded in the H group because marshes typically act as ponds to hold and retain water.
Wetland typesinthe M and L categories have alower degree of surface roughness and internal ponding. Although pinecommunities,
both natural and managed, have high rates of evapotranspiration, they have low internal roughness and vegetative structure.

b. Soil infiltration capacity
H Soil hydrologic group A, B, or A/D
M Soil hydrologic group C or B/D
L Sail hydrologic group D

Wetlands continueto store runoff water until they becomefilled to capacity with surfacewater. Sincewetlands normally occur
in depressions, surface ponding stores water until the depression fills (Carter et a., 1979; Adamus, 1991). Surface runoff normally
entersawetland relatively slowly compared with floodwater from astream, allowing timefor infiltration into the soil. Thefaster the
soil infiltration rate, the more runoff water can be stored before awetland fills with surface water and begins to overflow.

Soil series are categorized into hydrologic groups according to the soil's capacity for water intake when the soil is wet and
receives additional water from long-duration storms. The hydrologic groups are defined as follows (Goodwin, 1987).
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Soilsin

Group A
Soils having a high infiltration rate when thoroughly wet. These consist mainly of deep, well drained to
excessively drained sands or gravelly sands.

Group B

Soils having a moderate infiltration rate when thoroughly wet. These consist chiefly of moderately deep or
deep, moderately well drained or well drained soils that have moderately fine texture to moderately coarse
texture.

Group C
Soils having a slow infiltration rate when thoroughly wet. These consist chiefly of soils having a layer that
impedes the downward movement of water or soils of moderately fine texture or fine texture.

Group D

Soils having a very slow infiltration rate when thoroughly wet. These consist chiefly of clays that have high
shrink-swell potential, soilsthat have a permanent high water table, soilsthat have aclay pan or clay later at or
near the surface, and some organic soils.

Group A/D
A dual hydrologic group is given for certain wet, sandy soils that have athin infiltration rateif drained. The
first letter applies to the drained condition, and the second letter applies to the undrained condition.

Group B/D
A dual hydrologic group isgiven for certain wet soilsthat can be adequately drained. Thefirst letter appliesto
the drained condition, and the second letter applies to the undrained condition.

the Carteret County areafalling into each hydrologic group are shown in Table 4.

Class Soil Series

H .
Hydrologic Groups Beaches-Newhan, Murville, Duckston
A, B, and A/D

M Arapahoe, Deloss, Leon, Pantego, Rains, Tomotley,
Hydrologic Groups C Torhunta, Wasda
and B/D

L Belhaven, Carteret, Croatan, Dare, Deloss, Dorovan,

Hydrologic Group D Hobucken, Lafitte, Masontown, Ponzer, Roanoke

Table 4. Carteret County Soil seriesfalling into each hydrologic group.

Floodwater Storage

Riverine wetlands, particularly those on higher order streams, receive most of their water from overbank flow when
stream flow exceeds channel capacity (Brinson, 1988). The process of overbank flow into these wetlands spreads flood water
over larger areas and slowsits flow, resulting in less severe flooding downstream. Since floodwater storage, by definition,
occurs only in riverine wetlands that receive overbank flow, headwater and depressional wetlands are assigned an automatic
ng for thissubfunction. Thesignificance of individual riverine wetlandsin performing floodwater storageis evaluated
by examining four parameters: (1) long-term average duration of flooding; (2) total wetland size; (3) position of thewetlandin

"L" rati

the watershed; and (4) width of the wetland subject to flooding.

Duration of Flooding

H
M

Wetland is flooded 'long to very long' periods
Wetland is flooded "brief' periods
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L Wetland is flooded ‘very brief' periods or not at all
Evaluation of this parameter isbased on the assumption that the longer the period of timefloodwater isretained in awetland,
the more significant awetland isin desynchronizing and lessening the severity of downstream flood peaks. Long water residence
times are more likely to occur in watersheds with gradual topography, such as those of the North Carolina Coastal Plain, than in
steeper watersheds (Adamus, 1991), but, in either case, is avalid measure of flood storage effectiveness.

Values used to determine parameter ratings are the duration of flooding ratings for the predominant underlying soil series
taken from the appropriate soil survey. Duration of flooding is an indicator of the length of time the soil surface is covered by
flowing water from overflowing streams. It isdetermined by examination of the soil profile and consideration of local information
about the extent and levels of flooding. This measure does not include shallow standing water after intense rainfall or semi-
permanent ponding, but is based on actual flood events (Goodwin, 1987).

Using this soil series measure asthe basis of parameter eval uation has some shortcomings. Characteristics of the soil profile
aretheresult of asoil'shistory, and may not reflect current flooding conditions, especially if land cover or hydrologic conditionsin
the watershed have substantially changed from their historic condition. It isalso impossibleto clearly distinguish between water
remaining for long periods after asingle flood event and frequent, short-lived flooding from repeated flood events. In either case,
however, floodwater storage could be significant. In the absence of specific, site-level measurements of flood duration, this soil
characteristic is the most appropriate measure for evaluating this parameter.

Wetland Size

H Wetland is> 0.54% of total HU area
M  Wetland is 0.05-0.54% of HU area
L Wetland is< 0.05% of HU area

The ability of awetland to alter flood flows depends on its storage capacity and hydraulic length (Adamus, 1991), which
are functions of wetland area, depth, and surface roughness. This size parameter, combined with width perpendicular to the
stream, is used as indicators of those direct characteristics that determine wetland significance in flood attenuation. This
parameter also recognizes the flood storage potential of even narrow strips of riparian wetlands if they extend for long
distances along a stream. The size breakdowns are the same as those used in the size parameter for runoff storage and are
based on the results of simulation modeling as explained above (p. 44-45).

Watershed Position

H Greater than third order stream
M Second or third order stream
L  Intermittent or first order stream

Aswith the other watershed position parameters, Strahler stream order is used asan indicator. In this case, however, higher
significanceisassigned to wetlands further downstream in awatershed. Inthe North Carolinacoastd area, these are the bottomland
hardwoods and extensive swamp forests that occupy the broad floodplains of major coastal rivers. These downstream floodplains
are of great significancein floodwater storage for several reasons. They occupy large areas and, at |east under natural conditions,
are usually quite broad, allowing them to store large amounts of water. Since these wetlands occur along mgjor rivers, their
significance in floodwater storage is greatest during major flood events. The simulation studies of Ogawe and Male (1983)
indicated that wetlands low in awatershed reduced flooding over agreater downstream area than did upstream wetlands and that
these downstream wetlands were important regardless of the total amount of other storage available in the watershed.

Width of Wetland Subject to Flooding

H >100 feet
M 50 to 100 feet
L <50feet

Thisparameter and the preceding one arerelated measures of awetland'ssize. Thecritical factor isthe size of thefloodplain,
since that is the area in which floodwater is actually stored. In the absence of digital floodplain maps, however, these two
parameters are used as indirect measures of available water storage area.

Width isimportant not only as ameasure of area, but also as an indicator of frictional resistance to flow, which slowsflood
velocity and increases storage time. Frictional resistance is provided by wetland vegetation, ground structure such as logs and
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hummocks, and by the soil surfaceitself. Thefrictional drag provided by vegetation is proportional to stem density (Marble, 1992),
with at least 70 percent vegetation coverage required for most effective flow resistance (Adamus et a., 1987). Woody debris
underlying floodplain forests aso increases surface roughness and decreases flood flow (Burkham, 1976; Taylor and Barclay,
1985). In all cases, the wider the wetland is, the more these factors come into play.

Shoreline Stabilization Function

Thiswell-accepted function of wetlands could be considered either awater quality or ahydrologic function, sinceit includes
both sediment stahilization and dissipation of erosive forces (Adamus, 1991). In NC-CREWS it is included as a hydrologic
subfunction, sinceit is closely related to watershed hydrology, which determines the erosive forces present.

Wetland plantsbind soil with their root systems and, thus, help to hold the soil in placein the face of erosiveforcesfromwaves
and currents (Allen, 1979; Benner et al., 1982;). Wetlands al so reduce wave and current energiesthrough frictional resistance and by
allowing spacefor energy dissipation before water hits upland soils (Wayne, 1976). Thiseffect can reduce erosion elsewhereinthe
watershed. Although the shoreline stabilization function is perhaps of greatest significancein marshesalong estuarine or largelake
shorelines, wetlands can also be important in stabilizing stream banks.

Three parameters are used to eval uate wetland significancein shoreline stabilization: (1) proximity to surface water bodies; (2)
the length of wetland border exposed to open water; and (3) land use in the watershed.

Proximity to Surface Water

H <50 feet from shoreline of asecond or higher order stream or of an estuary or lake shoreline
M <50 feet from first order stream or between 50 and 300 feet from an estuary shoreline
L 250 feet from any stream or lake or > 300 feet from an estuary shoreline

This parameter indicates whether a wetland is in an appropriate landscape position to perform shoreline stabilization.
Obviously, if it is not located on ashoreline, awetland cannot perform thisfunction. If thewetland ison ashoreline, itsstabilizing
significance depends on the erosive force of the water body. Estuaries and lakes, with large fetch, and higher order streams have
greater erosiveforcesthan small streams. The erosiveforce of wave action isgreatest where the fetch exceedsthree miles (Knutson
et al., 1982), but aone-half milefetch is sufficient to generate waves capable of re-suspending sediments (Carper and Bachmann,
1984). Obviously, the higher the current velocity of flowing water, the greater isits erosive potential (Karr and Schlosser, 1977).

Length of Border Exposed to Open Water

H  >500 feet of wetland perimeter borders open water
M 100-500 feet of perimeter borders open water
L < 100 feet of perimeter borders open water

If exposure to open or flowing surface water isaprerequisite for awetland to perform shoreline stabilization, then the greater
the extent of exposure, the higher is the wetland's potential significance. The length values used are arbitrary, based simply on
conditions typical of the North Carolina coastal area.

Watershed Land Use

H > 1% developed or > 20% developed + agriculture
M < 1% developed and < 50% developed + agriculture
L < 1% developed and < 20% agriculture

Thisisan opportunity parameter based on the assumption that the flow rate and erosive force of astream will be greater when
watershed runoff is more rapid. The larger the amount of cleared land and the larger the proportion of impervious surface in a
watershed, the more runoff thereis and the faster it will reach streams. The percentages of developed and agricultural land usesin
the watershed are arbitrary, although Adamus (1987) uses 10 percent impervious surface as the threshold for significance for this
function.
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Habitat Functions

Therole of wetlandsin providing habitat for both terrestrial and aquatic wildlifeisawell-known and widely accepted wetland
function. Wetlands function as feeding, roosting and staging sites, dispersal corridors, shelters, and refuges for many different
species. Some of these species are dependent on wetlands to meet one or more life cycle requirements and would not exist in a
landscape without wetlands. Other species use wetlands for water, food, or shelter, but could exist just as well in natural upland
habitat.

In either case, wetlands are attractive to many wildlife species. The high productivity of many wetlands provides nutrients
and other resources used by diverse wildlife populations (Tiner, 1984), and the structural diversity of wetlands and wetland-
upland habitat complexes provides unique habitats necessary for many species (Weller, 1988). In many regions, more species
are restricted to wetlands than to any other habitat (Williams and Dodd, 1978). Nationwide, about one-third of the species listed
as threatened or endangered are dependent on wetlands, and more than 50 percent of the species of protected migratory birds
depend upon or frequent wetland habitats (USFWS, 1990). Among various types of undeveloped lands, wetlands often make
the largest contribution to regional biodiversity (Brinson, et a., 1981).

In the North Carolina coastal area, wetlands are particularly significant to wildlife populations because the wetlands are the
primary remaining large areas of natural or semi-natural habitat. Fertile upland areaswerelong ago converted to agricultural use, and
many of them have subsequently been developed. Forested wetlands where drainage was impractical or the soils were too wet or
highly organicto farm remain asrefugesfor wetland and upland wildlife populations. Some coastal areawetlands, particularly those
that hold floodwater from streams, aso provide significant spawning habitat for fish.

The habitat function of wetlands is particularly difficult to assess, since good habitat for one species may be poor habitat for
another. Nearly any vegetated area can provide habitat for some species of animal life, and picking a particular species or group of
speciesisamatter of management objectives or personal preference. 1nthe NC-CREWS assessment of wetland wildlife habitat, two
principles are considered most important:

(1) Overall habitat quality is highest where biodiversity ishighest, i.e., themore habitat
requirementsawetland fillsfor the greatest number of species, the higher its habitat
significanceis.

(2) In alandscape in which remaining habitat is highly fragmented, internal habitat is
mor e ecologically significant than edge habitat is.

These two principles may conflict in some cases, since there are normally more edge-dwelling speciesthan interior-dwelling species.

Thefirst principle comesinto play in parameters such as association with surface water and wetland type, whilethe second principle
predominatesin consideration of wetland size. In caseswhere the two principles may conflict, the predominant assumption usedis
that the coastal landscape provides plenty of edge habitat exclusive of wetlands. Thus, the primary habitat value of wetlandsin the
North Carolina coastal area is for those species that require either the specific habitat characteristics provided by wetlands or
relatively large unbroken habitat areas.

Overriding Considerations

Three of the overriding considerationsthat result in awetland being automatically rated of Exceptional functiona significance
are habitat-related. Any wetland immediately adjacent to a Primary Nursery Area, vital spawning habitat for estuarinefisheries, is
rated Exceptional; any wetland providing habitat for adocumented population of rare or endangered speciesisrated Exceptional; and
any wetland designated by the Natural Heritage Program as an exemplary or unique natural ecosystem or specia wildlife habitat area
israted Exceptional.

In the event that a wetland that has a Beneficia functional significance rating is immediately adjacent to a wetland rated
Exceptional, the Beneficial rating isincreased to arating of Substantial. This givesthe Exceptional wetland abuffer areasincethe
adjacent areawill certainly have an impact on the functionality of its neighboring wetland.

Terrestrial Wildlife Habitat
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Thefirst habitat subfunction assessed is the significance of the wetland in providing habitat for terrestrial wildlife species. The
quality of terrestrial habitat is determined by characteristics interna to the habitat and by the relationship of the wetland to its
surrounding landscape.

Internal Habitat

This series of parameters assesses the quality of habitat provided internal to the "habitat complex." The basic unit of assessment,
i.e., the "habitat complex," includes not only thewetland itself, but also all contiguous unbroken areas of unmodified wetlands, drained
wetlands, and intact upland areas. Thisrepresentsthetotal areaavailablefor terrestrial wildlife activity provided by natural vegetation.
Most terrestrial species utilize morethan theinterior of awetland itself for parts of their life cycles, and this approach assesses the total
available habitat, of which the wetland is a part.

a. Interior Size of Habitat Complex
H > 74 acres
M 0- 74 acres
L No interior habitat

In determining the extent of the habitat complex, primary and secondary roads are assumed to be effective bresksin habitat. Areas
unfragmented by roads are reduced inward 100 meters from the boundaries to compensate for edge effects. If any of the complex area
remains after these reductions, it is assumed that the complex provides some interior habitat.

Thesignificance of interior habitat iswell documented. When compared to forest interiors, forest edgestypically have an atered
plant species composition and community structure, higher temperature, more light, and lower humidity (Fraver, 1993). In generdl,
habitat fragmentation leadsto loss of wide-ranging species, loss of interior or area sensitive species, erosion of genetic diversity inrare
species, and increased abundance of speciesthat prosper in human-dominated landscapes (Harris, 1988, 1989). Many species of rare
plants and animals depend on forest interiors beyond the influence of edge for essential habitat. Nest predation and brood parasitism of
interior dwelling songbirds increases with proximity to edge (Wilcove, 1985).

The 100 meter inward reduction and the habitat complex size breakdowns are based on several studies reported in the literature.
The zone of negative influence associated with openings and edges has been quantified in several different regions and is known to
extend at least 100 metersinto the forest. Climatic and subtle species composition effects may extend 1000 meters (Brittingham and
Temple, 1983; Wilcove, 1985; Lovejoy et a., 1986). Even if they occur in aforested landscape, individua forest tracts need to be at
least 30-40 hectares (74-99 acres) in size in order to abate the negative consequences of edge effects (Harris, 1989). Bird species
diversity has been shown to decrease rapidly with stand sizes |ess than 30-40 hectares.

b. Association with Surface Water

H Adjacent to permanent surface water
M Adjacent to intermittent stream
L Not adjacent to surface water

Availability of surface water isimportant to many species and limiting to some. For example, surface water availability, at least
during critical periods of the year, determineswhether awetland will be used by waterfowl. Whilewide-ranging terrestrial speciesmay
travel long distances to reach water, the presence of surface water tendsto concentrate use. Even if specieslive elsewhere and merely
visit the wetland to drink, the presence of surface water increases an area's use by wildlife and, thus, its habitat significance. Water-
vegetation transition zones also provide habitat for both open-water species and those inhabiting adjacent vegetation (Weller and
Spatcher, 1965; Willard, 1977).

c. Internal Heterogeneity of Habitat Complex
H > 8 vegetation types within complex
M 5-8 vegetation types within complex
L 1-4 vegetation types make up entire complex

Areaswith numerousinterspersed vegetation forms normally support ahigher wildlifediversity and abundance than homogeneous
areas because of the increased number of ecological nichesavailable (Landerset a., 1977; Flake, 1979). Continuous unbroken habitat
containing amixture of vegetation types can fulfill habitat requirementsfor both interior-dwelling and edge species. Inforested areas,
bird usein particular isstrongly related to diversity of vegetation formsand tree species (Tramer and Suhrweir, 1975; Swifteta., 1984).
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Habitat heterogeneity is assessed in NC-CREWS by determining the number of vegetation types included within the habitat
complex associated with each wetland. Vegetation types are identified using the Cowardin classes on the underlying NWI maps and
different classes in the satellite-based land cover data layer. The numbers used for the breakdown are based on empirical experi-
mentation to arrive at situations typical of eastern North Carolina.

d. Wetland Type
H Bottomland hardwood, freshwater marsh, hardwood flat, swamp forest
M Headwater swamp, pocosin, maritime forest, Pine flat
L Pine plantation, altered site

As with other wetland type evaluations, these groupings are based on analysis of field data on the presence of habitat-related
indicatorsin wetlands of varioustypes. Indicators measured such factors asfood supply, vertical habitat structure, and maintenance of
food web support (see Appendix B).

In general, the greater theinternal structural diversity of a plant community, the more animal speciesit can support. Forested and
shrub-scrub vegetation provide habitat structure through vertical layering and patchiness resulting from horizontal overlap of layers
(Roth, 1976). The presence of several vertical vegetative stratais particularly significant to breeding bird use (Kantrud and Stewart,
1984), and bird species diversity has been shown to increase as the number and density of foliage layersincrease (MacArthur, et a.,
1964; Karr and Roth, 1971). The presence of standing dead trees further increases habitat provision for cavity-nesting birds and
mammals (Porter, 1981).

Theavailability of food supplies, particularly fruit and mast, is al so an important determinant of habitat quality and use (Robinson
and Bolen, 1984). Although thesefood supplies are often supplied by adjacent uplands, wetlandswith fruit and mast bearing treesand
shrubs are rated higher than those without them.

In the rating of wetland types, the obvious exception to the above general principlesis freshwater marsh. This wetland typeis
included in the highest habitat value group because it is relatively rare in eastern North Carolina compared with several of the other
wetland types. When freshwater marshes occur, they provide habitat for waterfowl and other wildlife that only rarely utilize more
densely vegetated wetlands with little open water. The field methodol ogies were devel oped with woody landscapesin mind, soitis
likely that the freshwater marshes were underrated in the field evaluations.

L andscape Habitat

Although the life-support needs of sedentary species may be met within asingle wetland, many species are mobile and require a
mix of wetland types or wetland and upland habitat for optimum success (Weller, 1988). The relationship of a wetland to habitat
conditionsin adjacent areas may be more significant in determining habitat val ue than conditionswithin thewetland itself (Leibowitz, et
al., 1992). Both the juxtaposition of other wetlands and the availability of nearby naturally vegetated habitat are used to evaluate this
characteristic.

a. Wetland Juxtaposition
H > 50% of wetland bordered by other wetlands
M < 50% of wetland bordered by other wetlands
L Isolated from other wetlands

For many animal species, no single wetland can provide all of their needs over their entirelife cycle. For these species success,
several wetlands of various types must exist in the same area (Leibowitz, 1992). Since many wetlands exhibit considerable temporal
variability in water depth and general "wetness," adjacent wetlands with different hydrol ogic regimes provide aternative habitat when
the primary habitat becomestoo dry or too wet. The proximity of different wetland typesalso increases overall habitat diversity, leading
to increases in wildlife species richness (Brown and Dinsmore, 1986).

b. Surrounding Habitat
H > 50% of land cover within %2 mile composed of natural vegetation
M > 50% of land cover within %2 mile buffer composed of a combination of natural vegetation, pine plantations, and agriculture
L > 20% of land within %2 mile developed or < 10% natural vegetation

Naturally vegetated areasin the near vicinity of awetland can provide additional food sources and refuge that enhance the habitat
value of the wetland (Weller, 1988). Natural vegetation, pine plantation, agricultural land, and devel oped areas make up adescending
hierarchy of habitat values. The more of the former and theless of thelatter in the area surrounding awetland, the higher isits potential
habitat significance.

54



Movement System Value

Some wetlandsthat are of relatively low significance as primary habitat may still perform important functions as movement or
dispersal pathways between morefavorable habitat areas. Continuous corridorsthrough areas of otherwise unsuitable habitat, such as
agricultural or devel oped land, may provide regularly used movement pathways. Small wetland patcheswithin reasonable movement
distance of one another may also provide cover for wildlife movement and population dispersal.

While small wetland patches or narrow alluvial strips may provide only limited permanent habitat, they can often be quite
significant in providing temporary cover for moving animals. The absence of significance as a movement pathway does not
lower the overall habitat significance of awetland if itsinternal and landscape habitat significanceis high.

a. Corridor Value
H Corridor > 600 feet wide connected to contiguous natural vegetation
M Corridor < 600 feet wide connected to contiguous natural vegetation
L Isolated from other natural vegetation

This assessment is applied to a wetland to determineiif it is, in effect, a corridor through otherwise inhospitable habitat that
connects two or more areas of natural vegetation. Corridor width values are based on studies of habitat buffers and riparian buffer
strips (Brinson et al., 1981; Brown et al., 1990).

b. Wetland Island Function

H Isolated wetland > 5 acres in size within %2 mile of the same
M Isolated wetland < 5 acres within %2 mile
L Wetland < 1 acre in size or > %2 mile from nearest wetland

Provided that intervening areas are not effectively impassable, many wildlife species do not require continuous cover for
movement and dispersal. A seriesof isolated wetland "islands" can enable animalsto move so long asthe wetlands arelarge enough to
provide temporary cover and are close enough to be within the range of reasonable movement for aspecies. Obviously, both of these
parameterswill differ for different species. The sizesand distances used in the model aretypical valuesfor small mammalsand most
amphibians.

Aquatic Life Habitat

While wetlands provide significant habitat for terrestrial wildlife, naturally vegetated uplands often provide as good or better
habitat and can substitute for wetland habitatsfor many species. For speciesthat are mainly confined to water or saturated soils or that
require shallow, slow-moving water during part of their life cycles, however, wetlands provide essential habitat. Aquatic organisms
that are wetland-dependent include many species of fish, amphibians, reptiles, and invertebrates.

Nearly all freshwater and many saltwater fish require shallow water such asthat provided by wetlands at some stage of their lives.

Fish use wetlands for spawning, predator avoidance, shelter from extreme conditions, and feeding (Adamuset al., 1991). Except for

large freshwater marshes and swamps, which may support a permanent fish population of their own, awetland must be connected to
surface water to perform these functions.

Amphibians and invertebrates, on the other hand, are more successful when they are not subject to predation by fish.
Consequently, ephemeral wetlandswith no connection to permanent surface water provide better habitat for theselifeforms (Bradshaw,
1991). Sincethe habitat requirementsfor these two groups of agquatic organisms are so different, wetlands are evaluated separately for
fish and other aguatic life.

Fish Habitat

1. Anadromous Fish
H Adjacent to ariver or tributary of ariver harboring anadromous fish; annual flooding; not channelized
M Adjacent to ariver or tributary harboring anadromous fish; stream is channelized
L Not adjacent to stream harboring anadromous fish
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Several species of anadromousfish are commercially important in mid-Atlantic fisheries. Because of their importance, wetlands
that provide potential anadromous fish habitat are evaluated as more significant than those that do not.

While anadromous fish specieslivetheir adult livesin saltwater, they move up freshwater rivers and streamsto spawn in shallow
water. Flooded wetlands along these streams provideideal spawning habitat. For awetland to providethisfunction, it must bealong a
stream used by anadromousfish, and it must be flooded during the early spring spawning season. Virtually al streamsin the coastal area
flood into adjacent floodplains during late winter and early spring in years with normal precipitation. Channelization, however, can
lessen or prevent this flooding and lowers wetland significance for fish habitat.

2. Other Fish Species

H Adjacent to > third order stream with annual flooding
M Adjacent to afirst to third order stream with annual flooding or a channelized stream of > third order
L Not adjacent to a stream or stream has infrequent or nonexistent flooding

Seasonally flooded wetlands adjacent to southeastern streams are used by nearly all species of fish present in the stream for
feeding, spawning, and protection during juvenile periods (Larson et al., 1981). Wetlands along higher order streams are most
significant, since both large fish populations and annual flooding are morelikely to occur in streams further down awatershed (Adamus
et al., 1991). Invertebrate species richness and fish productivity are generally higher in third and higher order streams (Minshall et al.,
1985; Lotrich, 1973). Asin the previous parameter, stream channelization is used as an indicator of decreased flooding.

Amphibian and Invertebrate Habitat

Many species of amphibians are dependent on ephemeral wetlands for reproduction (Bradshaw, 1991). Wetlands with isolated
pools of standing water for afew monthsin spring and early summer (vernal pools) followed by dry conditionsin late summer provide
ideal amphibian habitat. Because this type of habitat is relatively uncommon outside of wetlands, and several species of wetland-
dwelling amphibians are rare, thisis an important wetland function.

Invertebrate fauna, including insects, nematodes, and mollusks areimportant processors of organic material and sourcesof food to
higher level consumers (Brinson et al., 1995). While invertebrates are common in al natural ecosystems, some species require the
saturated soils and ponded water of wetlands. Sinceinvertebrates are al so subject to fish predation, their optimal habitat issimilar to that
of amphibians.

a.  Wetland Type
H  Bottomland hardwood, headwater swamp, or freshwater marsh, swamp forest
M Hardwood flat, pocosin, or maritime forest
L Pineflat, pine plantation, human impacted wetland

Thisbreakdown of wetland typesisbased on thelikelihood of vernal pool presence asdetermined from field studies (Appendix B).
The wetland typesin the "H" group include those in which shallow water habitat is most likely to exist without connection to surface
waterswith fish populations. The"M" group includes both wetlandsthat arelikely to be connected to surface watersand thosein which
ephemeral pools rarely occur. The wetland types in the "L" group rarely have standing water long enough to alow amphibian
reproduction.

b.  Surrounding Habitat
H  Wetland within %2 mile of upland natural area or temporarily flooded wetland
L Wetland > %2 mile from upland or temporarily flooded natural area

While amphibians require water for reproduction and larval development, mature animalsrequireterrestrial habitat. Wetlandsthat
are flooded most or all of the time do not provide satisfactory amphibian habitat unless drier areas are avail able within the movement
range of these animals. Thereis no "M" rating for this parameter, since the habitat requirements are either met or not met, with no
meaningful in-between condition.

Potential Risk Considerations

The above considerations - water quality, hydrology, and habitat - are all functionsthat wetlands perform. Their significanceina
particular wetland is assessed on the basis of thelevel at which each functionis currently performed and thelevel at which the wetland
has the capacity to perform each function.
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The considerationsincluded under "Potential Risk" extend the assessment of local wetland functions by evaluating their signifi-
cancein relation to the watershed of which thewetland isapart. Thismay be considered ameasure of therelativerisk to watershed and
landscape functional integrity posed by loss of the wetland's functions. Regardless of the wetland's level of functioning, this factor
attempts to evaluate whether it would make a significant difference beyond the site itself if those functions were not there.

Theoverall ecological significance of awetland is derived from the wetland's role asacomponent of larger scale systems (Bedford
and Preston, 1988). It is not so much a characteristic of a particular wetland as of the relationships between the wetland and other
ecosystemsand land uses. Those relationships arelargely determined by characteristics of the landscape outside of thewetland. These
characteristics are evaluated in the first two subfunctions under Potential Risk, i.e., landscape character and watershed water quality.

Landscape Character

Theloss of ahighly functional wetland in alandscape filled with other wetlands may not be as ecol ogically significant asthe loss
of a minimally functioning wetland in a highly degraded landscape. For example, losses of wetlands from watersheds with large
percentages of their areain lakes and wetlands have less impact on stream flow than wetland losses in watersheds with few wetlands
(Conger, 1971). Wetlandsin predominantly disturbed watersheds have more opportunity to receive sedimentsand associated pollutants
than wetlandsin relatively pristine watersheds and will, therefore, be more critical in protecting downstreamwater qudity (DEM, 1993).
Although habitat fragmentation may have already eliminated many speciesfrom highly disturbed landscapes, remaining wetlands serve
asrefuge. Theloss of these remaining habitats can have more adverse impacts on wildlife populations than theloss of asimilar areain
the midst of alternative habitat.

Thelandscape of thewatershed in which awetland existsis characterized in NC-CREWS by evaluating two parameters: the
rel ative abundance of wetlands and of wetlands of this particular type; and therel ative areas of variousland usesin thewatershed.

Wetland Extent and Rarity

a.  Percent of hydrologic unit composed of wetlands

H < 20%
M 20-50%
L > 50%

Asdiscussed previously, awatershed with lower total areacomprised of wetlandswill receive agreater impact if agiven wetland
areawerelost. The particular values used are based on conditionsin the North Carolinacoastal area, where few watersheds have less
than 20 percent wetland area, and watersheds with 35-45 percent wetlands are common. These numbers would be much too high in
regions, such as the North Carolina Piedmont, in which wetlands comprise a much smaller proportion of the landscape.

b.  Percent of wetlandsin larger area unit composed of thistype

H <10%
M 10-25%
L > 25%

Evaluation of this parameter is based on an objective of maintaining biotic diversity in the landscape. Even if the hydrologic,
water quality, and habitat functions of awetland are relatively insignificant, rare community types within the region will receive a
high rating for this parameter.

The"larger areaunit" may bealarger watershed or river basinin which theindividual hydrologic unitislocated, an arbitrarily or
politically defined area such asacounty, or an entire ecoregion. The objective of evaluating therelative rarity of the ecosystem typein
the overall landscape isachieved with any of theselarger units. The primary consideration isthat thelocal hydrologic unitistoo small
to adequately assess landscape rarity. NC-CREWS uses the 14-digit watersheds as defined by the Natural Resource Conservation
Service.

In addition to providing a contextual basis for the assessment of wetland significance, these parameters provide a means of
considering the cumulative impacts of wetland loss. The greater the proportion of wetlands lost relative to wetland abundance and
distribution prior to European settlement, the greater the probability that cumulative impacts have occurred and will be increased
by additional losses (Bedford and Preston, 1988). If the numerical values used to determine the groupings realistically reflect the
abundance of pre-settlement wetlands in the region, the more loss of wetland area that has occurred, the higher will be the
significance rating of remaining wetland.

57



Land Use in Hydrologic Unit

The second consideration in eval uating the effects of landscape character on wetland significanceisthe mix of land useswithin
thewatershed. Natural vegetation in eastern North Carolina, whether wetland or upland, consists primarily of denseforest and shrub
communities. Densely vegetated watersheds in flat terrain have little surface water runoff and export relatively little sediment or
nutrients (Cooper et al., 1986). Naturally vegetated areas provide essentially continuouswildlife habitat. Asthedegreeand intensity
of land disturbance increase, surface water runoff, sediment and nutrient export, and habitat fragmentation all increase. The func-
tional significance of wetlands, thus, increases with increasing land useintensity because of both increasesin exportsfrom other land
uses and decreases in aternative naturally vegetated |and aress.

a. Percent of land in agricultural use

H >40%
M 10-40%
L <10%

The predominant human land usesin the North Carolinacoastal areaare agriculture, intensiveforestry, and urban and residen-
tial development. Agricultural usesinclude cultivated lands and livestock operations, both of which result inincreased runoff and
nutrient exports. While croplands provide afood source for somewildlife species, intensive agricultureresultsin habitat fragmen-
tation and loss of suitable habitat for wide-ranging and interior forest species. The higher the percentage of theland in awatershed
in agricultural use, the more significant are the functions of remaining wetlands. The percentages used as breaking points between
H, M and L evaluations are typical of the area.

b. Percent of land in pine plantations

H >30%
M10 - 30%
L <10%

The most common form of intensive forest management in the coastal areais pine monoculture. Timber companies manage
vast acreage of pine plantations on relatively short rotations. Mature stands are clear-cut, and intensive site preparation, bedding,
planting, and fertilizing are common regeneration practices. Many intensively managed pine plantations are on sites that were
former wetlands or, if water control structures are in place, retain many wetland functions.

There have been many studies of the impacts of silvicultural practices on water quality, several of which were reviewed by
Shepard (1994). Most of these studies report increased export of sediments and nutrients following silvicultural operationsin
comparison with undisturbed areas. These effectsarerelatively short-lived, however, and diminishin afew monthsto afew years
as the stand develops. Over time, intensively managed pine lands export more nutrients and sediments than naturally vegetated
areas but much less than the more intensive land disturbances associated with agriculture and devel opment.

The same generalization appliesto the habitat functions of pine plantations. Whilethe habitat provided by pine monoculture
is less desirable for some species than amix of natural vegetation, it is certainly better habitat than a similar area of agricultural
cropland or development. For these reasons, the percentage of the watershed occupied by pine plantations must be higher than the
percentage occupied by agriculture or development for the significance of wetlands to be evaluated as high.

c.  Percent of land in urban/developed uses

H >1%
M 01-1%
L <0.1%

Of the three land uses, land development for urban or residential purposes provides the greatest stressin terms of increased
runoff and habitat destruction. Runoff from disturbed soil, grasslawns, and impervious surfacesis markedly greater than that from
natural vegetation and carriesamuch larger sediment, nutrient, and toxicant load (Arnold et al., 1987; Wolman and Schick, 1967).
The multipleimpacts of development cause radical changesin wildlife habitat and normally entirely eliminate suitable habitat for
some species (Brooks, et al., 1990; Croonquist and Brooks, 1991). Development of only arelatively small portion of awatershed
greatly increases the functional significance of remaining wetlands.

Watershed Water Quality Characteristics
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This series of parameters evaluates the potential risk to water quality if the wetland's water quality functions were lost. Three
aspects of water quality are evaluated: the water quality classification of the major water body in the watershed; the degree of water
quality impairment existing in the watershed; and the water quality classification of the water body downstream of the watershed.

In all cases, the basic assumption is that the water quality functions of wetlands become more significant as the assimilative ca-
pacity of receiving waters decreases. Assimilative capacity may belimited in quite different ways, and surface watersthat are of pres-
ently very high quality, that support economically or socially important uses, or that are currently significantly impaired are all consid-
ered to have limited assimilative capacities.

1.  Classification of Major Water Body in the Water shed
H SA, ORW, HQW, WS, WS-, NSW, URW
M B, WS, SB
L CsC

Watersthat are of exceptionally high quality (Outstanding Resource Waters and High Quality Waters) could be degraded by any in-
creasein pollutant loading. These waters have been so classified by the North Carolina Environmental Management Commission with
the objective of maintaining their outstanding high water quality. Similarly, avoidance of water quality impairment is a management
goal for waters supporting important uses, such as SA watersthat support saltwater fisheries and water supply watersheds. Any signifi-
cant loss of wetlandsin the watersheds of surface waters with these high classifications poses a high risk of water quality impairment.

2. UseSupport of Water Bodiesin Water shed
H  >5% of stream miles or water body area in watershed less than fully supporting
M 1-5% of stream miles or water body area in watershed less than fully supporting
L < 1% of stream miles or water body area in watershed less than fully supporting

Watersthat are already significantly impaired a so have little capacity to assimilate additional pollutants. Water quality impairment
isindicated by either animpaired quality classification (Nutrient Sensitive Waters and Use Restoration Waters) or lack of full support of
uses intended by their water quality classifications.

3. Classification of Water Body Receiving Water shed Output
H SA, ORW, HQW, WS, WS-, NSW, URW
M B.WSHII, SB
L CsC

Receiving water bodies of the water in a stream must also be considered. If the downstream watershed is considered of high
quality, or if the stream is degraded, the wetlands upstream are critical in providing clean water downstream. |If the waterways are not
considered exceptiona waters for protection or for clean up, the wetlands are less vital .

Replacement Difficulty

The objective of compensatory mitigation for awetland's|oss, asapplied in wetland regul atory programs, isthe replacement of
wetland functionsthat will belost asaresult of the permitted activity. If the primary functions of awetland could berelatively essily
replaced by wetland restoration on a site within the same watershed, the risk to overall watershed integrity of the wetland'slossis
relatively small. On the other hand, if it is very unlikely that a wetland's functions, if lost, could be compensated for by wetland
restoration, then the risk of that wetland'slossisrelatively high. Thefeasibility of restoring wetland functionsis determined by the
practicality of restoring awetland of the given type and by the availability of a suitable restoration site.

1. Wetland Type
H Pocosin, maritime forest
M Bottomland hardwood, swamp forest, headwater swamp, hardwood or pine flat
L Freshwater marsh, managed pine

Some wetland types are inherently difficult to restore or create because of their specific site requirements and/or biotic
characteristics. Of the wetland types found in eastern North Carolina, organic soil pocosins and the dune and swale wetlands of
maritime forests fall in this category. Other wetland types, such as freshwater marshes and pine plantations on wetlands, are less
complex and thereforelessdifficult to restore. The Wetland Type parameter under the Replacement Difficulty heading evaluatesthe
difficulty of replacing the functions of existing wetlands by grouping wetland types into three categories based on the feasibility of
restoring awetland of that type.
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2. Replacement Site Availability
H  No replacement siteidentified in watershed
M Non-wetland restoration site available in watershed
L Degraded wetland site of same type identified in watershed

The second parameter evaluates the practicality of restoring lost functions in terms of the availability of a suitable restora-
tion site in the same watershed, a necessity if functions of local significance are to be replaced. If no suitable restoration siteis
available, either asite in another watershed must be used or restoration of the desired functionsis impractical. Evaluation of
this parameter is dependent on the existence of GIS potential wetland restoration site maps, which were produced by DCM in a
related project (Bledsoe et ., 1997). If these data are not available, this parameter could be eliminated or a surrogate parameter
could be used.

Enhancement Potential of Site

In awetland management system in which wetland restoration is part of the overall management scheme, the availability of
potential restoration and enhancement sites is an important consideration. If awetland is rated to have only beneficial functional
significance because it is degraded due to drainage or other disturbance, it may have the potential to be enhanced or restored to
higher levels of functions. Itsloss, even though minimal in terms of lost functions, would result in lost opportunity for restoration
and, thus, poses some risk to future wetland management options.

H  Drained or partially drained wetland with natural vegetation intact
M Drained or partialy drained and converted to pine plantation or other intensively-managed forest type
L Wetland intact, but of low functional significance

This parameter is meaningful in the overall evaluation only if the wetland is rated as being of Beneficial functional
significance. Thus, itisa"bonus' consideration for wetlands that have been degraded by past human activity. If thewetland isnot
necessarily degraded, but simply provides only Beneficial wetland functions, it will rate low on this parameter as well. If the
wetland is a potential enhancement site, however, the closer the wetland is to its fully functioning state, i.e., the lessit has been
disturbed, the higher isits significance as a potential enhancement site.
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GIS TECHNIQUES SeCtion 5

Description of Coverages

All coverages are clipped to the boundary of the current hydrologic unit unless otherwise noted with an asterisk (*). The
asterisk denotes that an identical coverage exists except that it extends 1 mile beyond the hydrologic unit boundary to
accommodate analyses not rel ated to water that require abroader scale. The extended areacoverageshave an additional attribute,
IN_HU, which shows which areas of the coverage are actually within the boundary of the hydrologic unit.

wetlands:  Polygon coverage of DCM wetlands data. The polygon attribute table (PAT) of this coverage contains the
DCM wetland type, hydrogeomorphic (HGM) classification, as well as other attributes used in the DCM
wetland mapping process.

soils: Polygon coverage of soil series as delineated in the county soil surveys. The PAT contains one attribute:
soil: Character representing the soil series as described in the county soil survey.

*hydrography: Polygon and arc coverage of hydrological features. This coverage contains the following
attributesin the PAT and AAT:

order: Number representing the Strahler stream order.

origin: Number representing whether the headwaters of the stream originated in the Mountains, Piedmont, or Coastal
Pain.

flow: Number representing whether the stream is perennially or intermittently flooded.

ditch: Number representing whether the stream appeared to be ditched or channelized.

anadfish:  Number representing whether the stream isaknown spawning areafor anadromousfish or atributary to those
spawning aress.

open: PAT only. Thisindicates whether polygons are truly open water or simply polygons where arcs happened to
enclose an area.

*covtyp:  Polygon coverage of cover types for al areas of the hydrologic unit. The user has an opportunity during the
initialization process to add arcs to break up large wetland polygons or divide the wetland polygons where the
geomorphology suggests adivision is reasonable. The PAT of this coverage contains the following items:

dis item:  Character representing whether the land is occupied by open water, wetland, other natural vegetation, or pine,
agriculture, or developed areas.

dis type:  Number eguivalent to the wetland type.

wh_id: A unique identifier assigned to each wetland polygon.
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hgm: Character representing whether the hydrogeomorphic classification of the wetlands polygon isriverine (r) or
flat/depressional (f).

*habcov: Polygon coverage of vegetated areas not distinguished by wetland or non-wetland. All areas of wetland and natural
vegetation are dissolved.

*master: Polygon coverage of all wetlands with the results of each parameter in the assessment procedure. Also contains the
wetland type, HGM classification, and wh_id.

wh_id:  Polygon coverage of each individua wetland showing the wetland polygon’s unique identifier and no other data.

Water Quality Function

Proximity to Sources (wqf0111)
Coverages used:  covtyp

Description of process: Relates are established that link the unique polygon identifier (covtyp# in the PAT) with the items in an
associated arc table (AAT) that list the polygonsto theright or left of each arc (RPOLY# & LPOLY#). Anitem isadded to the covtyp
PAT that containsthe length of the shared arc of aparticular item value. Polygonswith adjacent neighborsto theleft or right with cover
typeequal to ‘wetland,” for example, will contain thelength of the shared arc. Thisisrepeated for cover types’ agriculture,” ‘ devel oped,’
‘non-wetland vegetated,” ‘ open water,” and ‘pine.” When compl ete, the covtyp coverage (or copy of it) will contain several additional
items, including:

type a (length of appropriate polygons that border agriculture),

type d  (length of appropriate polygons that border developed areas),

type n  (length of appropriate polygons that border natural, upland vegetation),
type 0 (length of appropriate polygons that border open water),

type p  (length of appropriate polygons that border pine), and

type w  (length of appropriate polygons that border wetland areas).

The length of each cover typeisthen divided by thetotal length of the polygon perimeter that is NOT the boundary of the watershed to
determine the percentage of the polygon immediately adjacent to sources of pollution. Those polygonsthat share 50% or more of their
boundaries with agriculture or developed lands are rated high. Polygons sharing 50% or more of their borders with agriculture,
developed or pine areas arerated moderately. Polygonswith 50% or more of their borderswith upland vegetated areas, wetlandsor open
water are rated minimally. Remaining polygons that do not meet any of these criteria are rated minimally.

Assumptions: Pollutants are not shared between watershed boundaries.

Proximity to water bodies (wgf0112)
Coverages used: hydrography, wetlands

Description of process: Perennia and intermittent streams are buffered by 300 feet in two independent BUFFER operations. Resulting
polygons are coded as areas surrounding intermittent or perennial streams. These polygon coverages are overlaid with the wetland
polygon coverage. Wetland areasthat fall within perennial stream buffersarerated highly and those falling within intermittent streams
arerated moderately. All other wetland areas are rated minimally.

Each wetland polygon isthen assigned afinal rating depending on the weighted average of itsareasthat fall within each of the buffered
stream aress.

Assumptions: A wetland polygon that has areas within 300 feet of both intermittent and perennial streamsis assigned therating for the
largest area.

Water shed position (wgf0113)
Coverages used: *hydrography, wetlands, neatline
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A GRID iscreated of the hydrography using stream order asthe grid’ sattribute. Within the GRID module of Arc/Info, agridis created
of the Euclidian distance of areasfrom each stream, based upon the stream’ sorder. That grid isthen converted to avector coverageand
overlaid with the wetland coverage. Using a weighted average, wetlands are rated based on the amount of area within the wetland
polygon that falls within the area of the closet stream order.

Assumptions: Headwater wetlands are more significant in removing non-point source pollutants than are wetlands further
downstream in a watershed.

Wetland Type (wqf01141)
Coverages Used: wetlands

Description of process: Using simple ARCPLOT reselects, wetlands are rated based on their classified wetland type.
Assumptions: none

Soil Characteristics (wqf01142)
Coverages Used: wetlands, soils

Description of process. Wetland and soil coverages are overlaid into a single coverage. Based on soil type, resulting polygons are
assigned ratings appropriate for that soil’ s biogeochemical activity, which reflects its capacity to assist in non-point source pollution
abatement.

Assumptions: Wetlands polygons having more than one soil type supporting them are rated based on aweighted average of theratings of
all soil types occupying the polygon.

Site Conditions (wqf0114)
Coverages Used: master

Description of process: Using ARCPLOT, the results of WQF01141 and WQF01142 are reviewed and combined appropriately.
Assumptions: WQF01141 and WQF01142 have been successfully completed.

Nonpoint Sour ce (wqf011)
Coverages Used: master

Description of process: Using ARCPLOT, theresults of WQF0111, WQF0112, WQF0113 and WQF0114 are reviewed and combined
appropriately.

Assumptions: WQF0111, WQF0112, WQF0113 and WQF0114 have been successfully completed.

Water Source & Proximity to Sour ces (wqf0121)
Coverages Used: wetlands, hydrography, covtyp

Description of process. Streams that originate within the current hydrologic unit are first rated. These streams are buffered by 50 feet
and the resulting polygons are overlaid with the vegetative cover coverage. The sum of agricultural and developed areas within these
buffersisthen calculated. All wetland polygonsin the hydrologic unit which have ariverine hydrogeomorphic (HGM) classification are
first given the samerating based on the percentage of agricultural plus developed land in the buffered areas. Wetlandsbordering streams
that originate outside the hydrologic unit may be given different ratings based on the results of the next section. Note that all wetland
polygons which have an HGM classification other than riverine are rated minimally for this parameter.

Streams that originate from outside the hydrologic unit are evaluated next. Wetlands bordering these streams may receive a different
rating from those which border streams that originate within the current hydrologic unit A relate is established to link an INFO table
containing the percent of agricultural and developed land for each hydrologic unit to the hydrologic unit coded as the one nearest the
current hydrologic unit that the stream also runs through. These streams are overlaid with the wetlands coverage. Using ARCPLOT
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reselects, a new item is calculated for all wetland polygons with these streams running through them. The overall rating of these
polygonsisdetermined by ARCPLOT reselects considering both the valuejust assigned to the new item and the origin of the headwaters
of the stream.

Finaly, to eliminate duplicate ratings for any wetland that may have been divided due to overlays, aweighted average is performed to
assign asingle rating to each polygon.

Assumptions: 1) Interactive process to label hydrologic unit origin of each stream has been complete. 2) The fifty foot buffer around
each stream represents land areaimmediately adjacent to streams.
Duration of Flooding (wqf0122)

Coverages Used: wetlands, soils, hydrography

Description of process. Same as soil characteristics described above, but with aternative breakdowns for each soil’s capability to
attenuate downstream floods.

Assumptions: Soil groupings were determined based on flooding durations provided in county soil surveys. Soilswithlong or very long
flooding received a high rating, brief or very brief, moderate, and soils with no flooding received the minimal rating.

Wetland Type (wqf01231)

Coverages Used: wetlands

Description of process: Based on simple ARCPLOT reselects, wetland polygons are rated based on their classified wetland type.

Assumptions: none

Soil Conditions (wqf01232)
Coverages Used: master

Description of process: Copies the results of WQF01142
Assumptions; Same as WQF01142

Site Conditions (wqf0123)
Coverages Used: master

Description of process: Using ARCPLOT, the results of WQF01231 and WQF01232 are reviewed and combined appropriately.
Assumptions: WQF01231 and WQF01232 have been successfully completed.

Width of Wetland Perpendicular to Stream (wqf0124)
Coverages Used: wetlands, hydrography

Description of process: Arcsand polygons representing streams are buffered by both 50 and 100 feet. All wetlandsthat passthrough the
50 foot buffers (using the ARCPLOT reselect...overlap...passthru command) are initially assigned the highest rating. Those wetlands
that fall completely within the 50-foot buffer are re-assigned the lowest rating (ARCPLOT reselect...overlap...within). Those wetland
polygonsthat initially received the highest rating that also fall entirely within the 100 foot buffer are reassigned amoderaterating. Only
those wetland polygons that had area within the 50-foot buffer that extend beyond the 100 foot buffer remain with the highest rating.

Assumptions. Wetlands that are at least partialy within the 50-foot buffer are adjacent to streams.



Floodwater Cleansing (wqf012)
Coverages Used: master

Description of process: Using ARCPLOT, theresults of WQF0121, WQF0122, WQF0123 and WQF0124 are reviewed and combined
appropriately.

Assumptions;  WQF0121, WQF0122, WQF0123 and WQF0124 have been successfully completed.

Water Quality (wqgf01)

Coverages Used: master

Description of process: Using ARCPLOT, the results of WQF011 and WQF012 are reviewed and combined appropriately.

Assumptions: WQF011 and WQFO012 have been successfully completed.

Hydrology Function

Water shed Position (hyf0111)
Coverages Used: master

Description of process: Copies the results of wgf0113, water quality, nonpoint source, watershed position.
Assumptions. Same as WQF0113

Wetland Size (hyf0112)
Coverages Used: wetlands

Description of process: The land area of the hydrologic unit is calculated by invoking a separate AML that performs this calcul ation.
Individual wetland polygons with areas greater than 0.54% of the hydrologic unit areareceive the highest rating, those within 0.05%-
0.54% receive amoderate rating and < 0.05% receive the minimal rating.

Assumptions: none

Wetland Type (hyf01131)
Coverages Used: wetlands

Description of process: Based on simple ARCPLOT reselects, wetland polygons are rated based on their classified wetland type.
Assumptions: none
Soil Infiltration Capacity (hyf01132)Coverages Used: wetlands, soils

Description of process: Wetland and soil coverages are overlaid into a single coverage. Based on soil type, resulting polygons are
assigned ratings appropriate for that soil’ s infiltration capacity.

Assumptions: Wetlands polygons having more than one soil type supporting them are rated based on aweighted average of theratings of
all soil types occupying the polygon.

Site Conditions (hyf0113)
Coverages Used: master

Description of process: Using ARCPLOT, the results of HYF01131 and HY F01132 are reviewed and combined appropriately.
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Assumptions; HY F01113 and HY FO1132 have been successfully completed.

Surface Runoff Storage (Flood attenuation) (hyf011)
Coverages Used: master

Description of process: Using ARCPLOT, theresultsof HY FO111, HYF0112, and HY FO113 arereviewed and combined appropriately.
Assumptions; HY FO111, HYF0112, and HY F0113 have been successfully completed.

Duration of Flooding (hyf0121)
Coverages Used: master

Description of process: copies results from wqf0122, water quality, floodwater cleansing, and duration of flooding.
Assumptions. Same as WQF0122.

Wetland Size (hyf0122)
Coverages Used: master

Description of process: Copies results from hyf0112, hydrology, attenuation of flooding, wetland size.
Assumptions; Same as HY F0112

Water shed Position (hyf0123)
Coverages Used: master

Description of process: Using methodol ogy similar to wqf0113, wetlands with the magjority of their areas|ocated nearest streamshigher
than third order are rated most significantly. Second or third order streams receive a moderate rating, and intermittent or first order
streams receive the lowest significance rating.

Assumptions: none

Width Perpendicular to Stream (hyf0124)
Coverages Used: master

Description of process: Copies results from wqf0124, water quality, floodwater cleaning, and width perpendicular to stream.
Assumptions. Same as WQF0124

Floodwater (overbank) Storage (hyf012)
Coverages Used: master

Description of process: Using ARCPLOT, the results of HYF0121, HY F0122, HY F0123, and HY F0124 are reviewed and combined
appropriately.

Assumptions: HY F0121, HY F0122, HY F0123, and HY FO124 have been successfully completed.

Proximity to Water Body (hyf0131)
Coverages Used: hydrography

Description of process: Streamswhich are second order and greater (thisincludes estuarine shorelines) and lakes are buffered by 50 feet.
Additionaly, first order streams are buffered by 50 feet and estuarine shorelines are buffered by 300 feet. All wetlands areinitialized to
alow rating, and then the wetland polygonsthat intersect the buffers are rated accordingly. First, areaswithin the 50-foot buffersof first
order streams, and within the 300 foot buffers of estuarine shorelines receive medium ratings. Then, areas within the 50-foot buffers of
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lake and estuarine shorelines and second order or greater streams are rated high. The wetlands are then evaluated for amajority of their
areas. Therating for the mgority of the area prevails for the entire polygon.

Assumptions: none

Length of Shoreline Border (hyf0132)
Coverages Used: covtyp, hydrography

Description of process: The hydrography coverage is joined with the covtyp coverage. Wetlands are then evaluated for the length of
their perimeter that borders open water. Depressional wetlands are reassigned an L rating.

Assumptions: none

Water shed Land Use (hyf0133)
Coverages Used: covtyp

Description of process. Basic ARCPLOT reselects are performed on each of the land uses referenced in this parameter. Based on the
land area of the selected land use types, all wetlands within the hydrologic unit receive the same rating. Depressional wetlands are
reassigned an L rating.

Assumptions: none

Shoreline Stabilization (hyf013)
Coverages Used: master

Description of process: Using ARCPLOT, theresultsof HY FO131, HY F0132, and HY FO133 are reviewed and combined appropriately.
Assumptions: HY FO131, HY F0132, and HY F0133 have been successfully completed.

Hydrology Function (hyf01)
Coverages Used: master

Description of process: Using ARCPLOT, the results of HYF01, HY F012, and HY FO13 are reviewed and combined appropriately.

Assumptions: HY FO1, HY F012, and HY FO13 have been successfully completed.

Habitat Function

Interior Size of Habitat Complex (haf01111)
Coverages Used: wh_id, habcov, roads

Description of process: A temporary coverageis created from the havcov that contains only those polygonsthat have natural vegetation
(including pine forests/managed pineland). These natural vegetation polygons are then buffered inward by 100 meters to account for
edge effects. Additionally, a 1:24k roads coverage is clipped by the buffered hydrologic unit boundary and the resulting coverageis
buffered by 100 meters. This coverageis combined with the buffered natural areas coverageto create acoveragewhereinterior habitat is
present and road corridors are not present. In the resulting coverage, the polygonswhich have an interior habitat size of greater than 74
acres are given an H rating, and those interior habitat polygons smaller than 74 acres are given an M rating.

Thisinterior habitat coverage isthen combined with the wetlands coverage. Wetland polygonsthat have no interior habitat aregiven an
L rating. Other wetland polygons are rated according to the size of the interior habitat polygons within which they fall. Finaly, to
eliminate duplicate ratings for any wetland polygon that may have been divided because of overlays, aweighted averageis performed to
assign asingle rating to each wetland polygon.
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Assumptions: Continuous habitat within polygons.

Availability of Surface Water (haf01112)
Coverages Used: wh_id, hydrography

Description of process: Perennial and intermittent stream arcs are independently removed from the master hydrography coverage, and
INTERSECTed with thewetland polygons. Thelength of the streamsis summed by wetland polygon. Wetlandswith perennial streams
in their boundaries are rated as H, those with intermittent streams are rated as M, and those wetlands without any streams are rated L.

Assumptions: all hydrography arcs are correctly labeled as permanent or intermittent.

Internal Heterogeneity of Habitat Complex (haf01113)
Coverages Used: habcov, wetlands

Description of process. the wetland coverage is dissolved to include only wetland and land cover polygon boundaries. Habcov & the
new dissolved coverage arejoined (IDENTITY) and statistics are computed by habitat type. Statistics summarizing the habitat polygon
by land use and wetland types are created. If a habitat polygon has more than 8 different cover or wetland types, it receivesan H, 5-8
typesreceive an M, and 1-4 typesreceive an L. Habitat polygonsthat do not have uniqueidentifiers (samewh_id code existsin more
than one polygon) are assigned the value from the magjority of the polygon.

Assumptions: none
Wetland Type (haf01114)
Coverages Used: wetlands

Description of process: Using simple ARCPLOT reselects, wetlands are rated based on their classified wetland type.
Assumptions: none

Internal Habitat (haf0111)
Coverages Used: master

Description of process: Using ARCPLOT, the results of HAF01111, HAF01112, HAF01113, and HAF01114 are reviewed and
combined appropriately.

Assumptions: HAF01111, HAF01112, HAF01113, and HAF01114 have been successfully completed.

Wetland Juxtaposition (haf01121)
Coverages Used: covtyp, wh_id

Description of process. Evaluates the habitat type of the adjacent polygon. If the adjacent polygon is classified as awetland, then the
length of border is divided by the perimeter of the boundary. Those polygons with 50% or more of the boundary sharing an arc with
another wetland arerated H. If thereis some shared boundary (but lessthan 50%), the wetland isgiven an M. Wetlands that do not abut
another wetland arerated L.

Assumptions: none

Surrounding Habitat (haf01122)
Coverages Used: covtyp

Description of process: GRIDS of wetland polygons and landcover/habitat types are created from the covtyp coverage. For each wetland
area, the areais expanded by 28 cells (approximately 0.5 miles) and statistics are performed to count the percentage of this surrounding
area comprised of each of the major habitat types (agriculture, developed, pine, natural). Those wetland areas with 50% of their
surrounding areain natural vegetation receive an H, while those wetland areas with |ess than 10% of their surrounding areain natural
vegetation or greater than 20% of their surrounding area developed receive an L rating. All other wetlands receive an M rating.

Assumptions: Land cover datais accurate.
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L andscape Habitat (haf0112)
Coverages Used: master

Description of process: Using ARCPLOT, the results of HAF01121 and HAF01122 are reviewed and combined appropriately.
Assumptions: HAF01121 and HAF01122 have been successfully compl eted.

Corridor Function (haf01131)
Coverages Used: habcov, wh_id

Description of process: A UNIONed coverage of habitat type and wetland type is dissolved by pine plantation/natural habitat. The
natural areas are shown on-screen with agricultural and developed areas displayed in the background. The user is prompted to select
polygons that appear to be corridors. Thisis done for corridors wider than 600 feet and those less than 600 feet wide. The corridor
polygons wider than 600 feet are assigned an H rating, and the corridor polygons less than 600 feet wide are assigned an M rating. All
other polygons receivean L.

Assumptions: User understands definition of corridor

Wetland Island Function (haf01132)

Coverages Used: covtyp

Description of process: Sel ectswetland polygonsthat have adjacent polygonsthat are wetlands and ratesthose asan L. Of theremaining
wetlandsthat do not share awetland boundary, thoselessthan oneacrearealsorated asL. All remaining ‘isolated’ wetlands greater than
one acre are extracted and put into anew coverage (theisland polygon coverage) for the remaining analyses. These polygonsare buffered
by 0.25 miles (only half the distance of the parameter to consider overlap), and the buffered coverageis UNIONed with theisland polygon

coverage. If morethan theoriginal polygon isfound to fall within the buffer, then the polygon is measured for size. Thosethat arefive
acres or greater are rated H, the othersreceive an M.

Assumptions: none

Potential Movement System (haf0113)
Coverages Used: master

Description of process: Using ARCPLOT, the results of HAF01131 and HAF01132 are reviewed and combined appropriately.
Assumptions: HAF01131 and HAF01132 have been successfully compl eted.

Terrestrial Wildlife Habitat (haf011)

Coverages Used: master

Description of process: Using ARCPLOT, theresultsof HAF0111, HAF0112 and HAF0113 arereviewed and combined appropriately.
Assumptions; HAF0111, HAF0112 and HAF0113 have been successfully completed.

Anadromous Fish (haf0121)
Coverages Used: hydrography, wh_id

Description of process. The two coverages are INTERSECTed, and statistics are established for any polygon that contains a
hydrographic arc. If awetland contains an anadromous fish arc that is not annotated as ditched, it receivesan H. Wetlands containing
channelized anadromous fish arcs receive an M. Polygons without any anadromous fish stream arcsin them arerated L.

Assumptions: anadromous fish attribute correctly carried over from 1:100K coverage (manua process completed by DCM).
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Other Fish Species (haf0122)
Coverages Used: hydrography, wh_id

Description of process: Statistical summaries of the cover created in the anadromousfish parameter are created for streamsgrester than
third order, first through third order streams, and for ditched streams. Polygonsthat contain non-ditched, third order or larger streamsare
rated H, while wetland polygons containing smaller and/or channelized streams receive an M. Wetland polygons that have no stream
arcs are assigned an L for this parameter.

Assumptions: Anadromous fish unioned coverage was created successfully in haf0121 and still remains in the workspace.

Wetland Type (haf01231)
Coverages Used: wetlands

Description of process: Using simple ARCPLOT reselects, wetlands are rated based on their classified wetland type.
Assumptions: none

Surrounding Habitat (haf01232)
Coverages Used: master

Description of process: copies the results from haf01122
Assumptions; Same as HAF01122

Amphibian/Invertebrate Habitat (haf0123)
Coverages Used: master

Description of process: Using ARCPLOT, the results of HAF01231 and HAF01232 are reviewed and combined appropriately.
Assumptions; HAF01231 and HAF01232 have been successfully compl eted.

Aquatic Life Habitat (haf012)
Coverages Used: master

Description of process: Using ARCPLOT, the results of HAF0121 and HAF0122 are reviewed and combined appropriately.
Assumptions; HAF0121 and HAF0122 have been successfully completed.

Habitat Function (haf01)
Coverages Used: master

Description of process: Using ARCPLOT, the results of HAF011 and HAFO12 are reviewed and combined appropriately.

Assumptions: HAF011 and HAF012 have been successfully completed.

Potential Risk Function

Per centage of Wetlandsin Hydrologic Unit (prf01111)
Coverages Used: covtyp
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Description of process: Statistics are calculated for the areathat contains wetlands versus the land area of the entire hydrologic unit. If
less than 20% of the watershed iswetland, al polygons receive an H for this parameter. If 20-50% of the watershed isin wetland, the
polygons receive an M. If thereis more than 50% wetland then al polygons receive an L.

Assumptions: none

Per centage of Specific Wetland Typein Larger Hydrologic Unit (prf01112)
Coverages Used: wh_id, master wetland coverage

Description of process: The program looks at the 14-digit watershed code for the hydrologic unit, and extractsthe 11-digit code for the
larger hydrologic unit. The 11-digit code boundary is pulled from a master coverage and used to clip out the wetlands within that
boundary from the master wetlands coverage. Oncethisnew coverageiscreated, statisticsare calculated by wetland type. Next, wetland
polygons with rare occurrence in the larger watershed (< 10%) are rated as H, those occurring in the 10-25% range receive an M, and
common types (> 25%) receive an L.

Assumptions. Master wetland coverage has basic wetland data complete for all the land areain the larger watershed.

Wetland Extent and Rarity (prf0111)
Coverages Used: master

Description of process: Using ARCPLOT, the results of PRF01111 and PRF01112 are reviewed and combined appropriately.
Assumptions; PRF01111 and PRF01112 have been successfully completed.

Percentage Agricultural Usein Hydrologic Unit (prf01121)
Coverages Used: covtyp

Description of process:. Statisticsare cal culated on the percentage of agricultural areain the hydrologic unit and divided by total land area
in the hydrologic unit. If the agricultural area exceeds 40% of the total area, all wetland polygons receive an H rating. If agricultural
areas are 10 - 40 % of the hydrologic unit, the polygons all receive an M. If less than 10% of the area is agricultural, al wetland
polygons are assigned an L.

Assumptions: The land cover data accurately reflect the amount of agricultural land in the hydrologic unit.

Per centage Pine Silvicultural Usein Hydrologic Unit (prf01122)
Coverages Used: covtyp

Description of process. Statisticsare calculated on the percentage of pine areain the hydrologic unit and divided by total land areain the
hydrologic unit. If the pine areaexceeds 30% of thetotal area, all wetland polygonsreceivean H rating. If pinedominates 10 - 30 % of
the hydrologic unit, the polygonsall receivean M. If lessthan 10% of the hydrologic unit is pine dominated, all wetlandsreceivean L.
Assumptions: The land cover data accurately reflect the amount of pine areas in the hydrologic unit.

Per centage Developed Area in Hydrologic Unit (prf01123)
Coverages Used: covtyp

Description of process. Statistics are calculated on the percentage of devel oped areain the hydrologic unit and divided by total land area
in the hydrologic unit. If the developed area exceeds 1% of the total area, al wetland polygonsreceive an H rating. If developed land
takes 0.1 - 1% of the hydrologic unit, the polygons all receivean M. If lessthan 0.1% is developed, all wetland polygonsreceiveanL.
Assumptions. The land cover data accurately reflect the amount of developed areain the hydrologic unit.

Land UseIn Hydrologic Unit (prf0112)
Coverages Used: master
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Description of process: Using ARCPLOT, theresultsof PRF01121, PRF01122 and PRF01123 are reviewed and combined appropriately.
Assumptions: PRF01121, PRF01122 and PRF01123 have been successfully completed.

L andscape Character (prf011)
Coverages Used: master

Description of process: Using ARCPLOT, the results of PRF0111 and PRF0112 are reviewed and combined appropriately.
Assumptions. PRF0111 and PRF0112 have been successfully completed.

Major Water Body Classification (prf0121)
Coverages Used: master

Description of process: This parameter is evaluated after an interactive session with the user. The watershed is drawn on-screen
depicting the water body classification as designated by the North Carolina Division of Water Quality. The user determines the
classification of the major water body in the hydrologic unit and assignsan H, M or L based on the classification (Thedecisionrulesare
also shown on-screen).

Assumptions: Classifications have been made on the water bodies and correctly represented in the coverage.

Major Water Body Use Support (prf0122)
Coverages Used: wh_id, master

Description of process: Again, the user enters an interactive session to evaluate the wetlands for this parameter. Based on datafrom the
Division of Water Quality, the user is asked to assign arating based on linear and areal figures provided on the screen.

Assumptions. Classifications have been made on the water bodies and correctly represented in the coverage.

Receiving Water Body Classification (prf0123)
Coverages Used: master

Description of process: This parameter is evaluated after an interactive session with the user. The watershed and all surrounding
hydrologic units are drawn on-screen depi cting water body classificationsas designated by the North CarolinaDivision of Water Quality.
The user determinesthe classification of the major water body that receivesinput from the currently eval uated watershed and assignsan
H, M or L based on the classification (The decision rules are also shown on-screen). If two or more streams depart from the watershed,
the user selects the rating for the downstream watershed that would result in the higher evaluation.

Assumptions. Classifications have been made on the water bodies and correctly represented in the coverage.

Water shed Water Quality Characteristics (prf012)
Coverages Used: master

Description of process: Using ARCPLOT, theresults of PRF0121, PRF0122, and PRF0123 are reviewed and combined appropriately.
Assumptions: PRF0121, PRF0122, and PRF0123 have been successfully completed.

Wetland Type (prf0131)
Coverages Used: wetlands

Description of process: Using simple ARCPLOT reselects, wetlands are rated based on their classified wetland type.
Assumptions: none
Replacement Site Availability (prf0132)

Coverages Used: wetlands, wh_id
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Description of process: Based on wetland restoration site identification completed prior to initiating this assessment, wetland typesare
compared to restoration or enhancement sites available in the watershed. If no restoration sites occur within the watershed supporting
the replacement of a similar wetland type, the wetlands of that type receive an H. If atrue restoration site of that type existsin the
watershed, it israted M. If an enhancement site exists, the wetlands of the type are given an L. This procedure is repeated for each
wetland type.

Assumptions: Restoration site location data has been completed for the hydrologic unit.

Replacement Difficulty (prf013)
Coverages Used: master

Description of process: Using ARCPLOT, the results of PRF0131 and PRF0132 are reviewed and combined appropriately.
Assumptions; PRF0131 and PRF0132 have been successfully completed.

Restoration Potential of Site (prf014)
Coverages Used: master

Description of process: If any of the polygonsarerated low in &l the primary functions, thisAML looksto find any of the wetland types
that were designated as severely ditched or drained in DCM’ swetland data devel opment efforts. Drained wetlandsthat fall out asL for
the primary functions are rated H for this parameter; pine plantations are rated M. All other wetlands receive an L for this parameter.

Assumptions: none

Potential Risk of Wetland L oss (prf011)

Coverages Used: master

Description of process: Using ARCPLOT, the results of PRF011, PRF012 and PRF013 are reviewed and combined appropriately.

Assumptions: PRF011, PRF012 and PRF013 have been successfully completed.

Overriding Considerations

Estuarine Wetlands (or cO1)
Coverages Used: master

Description of process. Any wetlands classified salt/brackish marsh, estuarine scrubshrub or forested wetland (w-types
1,21,41,3,23,43,15,35,55) are given arating of Exceptional functional significance.

Assumptions: none

Adjacent to Primary Nursery Area (orc02)
Coverages Used: wh_id

Description of process: Using ARCPLOT reselects, the wetlands are analyzed to seeif the boundary crossesinto a designated primary
nursery area (PNA). If this occurs, the wetland is rated Exceptional functional significance for the overall significance.

Assumptions. The PNA data received from the North Carolina Division of Marine Fisheries is accurate and up-to-date.

Threatened or Endangered Speciesor Natural Heritage Exemplary or Unique Natural Ecosystem or Special Wildlife Habitat
Area (orc03)
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Coverages Used: wh _id

Description of process: Using an ARCPLOT reselect, polygons are queried to determine if athreatened or endangered species
point lieswithin its boundary. If so, the wetland receives an H rating for the overall significance. Only T/E occurrences with a
given degree of accuracy are accepted for this evaluation.

Assumptions: The endangered/threatened species datareceived from the North CarolinaNatural Heritage Programisaccurate and
up-to-date.

Overall Wetland Rating

Overall Wetland Functional Significance (owr1)
Coverages Used: master

Description of process: Using ARCPLOT, the results of WQF01, HY FO1, HAFO1, ORCO01, ORCO02, ORC03 and ORC04 are
reviewed and combined appropriately.

Assumptions: WQFO01, HY FO1, HAFO01, PRF0O11, ORCO01, ORC02, ORC03 and ORC04 have been successfully completed.
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Appendix A: Wetland Type Definitions

Salt/Brackish Marsh (w-type = 1)
Any salt marsh or other brackish marsh subject to regular or occasional flooding by tides, including wind tides (whether or not the
tide waters reach the marshland areas through natural or artificial watercourses), provided this shall not include hurricane or
tropical storm waters. Coastal wetland plant species include: Spartina alterniflora, Juncus roemerianus, Salicornia spp.,
Distichlis spicata, Limonium spp., Scirpus spp., Cladium jamaicense, Typha spp., Spartina patens and Spartina cynosuroides.

Estuarine shrub scrub (w-type = 3)
Any shrub/scrub dominated community subject to occasional flooding by tides, including wind tides (whether or not the tide
waters reach the marshland areas through natural or artificial watercourses). Typical speciesinclude Myrica spp, and Juniperus
virginiana.

Estuarine Forested (w-type = 15)
A forested wetland community subject to occasional flooding by tides, including wind tides (whether or not thetide watersreach
the marshland areas through natural or artificial watercourses). Examplesinclude pine dominated communitieswith Juncus spp.
understories or fringe swamp communities such as those which occur along the Albemarle and Pamlico sounds.

Maritime Forest (w-type = 16)
A wetland forested community characterized by its stunted growth because of the stressesimposed by itsvicinity to salt spray from
the ocean. Typical vegetation includes Quercus virginiana, Acer rubrum, and Nyssa biflora.

Freshwater Marsh (w-type = 2)
Herbaceous areas which are flooded for extended periods during the growing season. Included in this are marshes within
lacustrine systems, some managed i mpoundments, some CarolinaBays, and nontidal other non-tidal marshes (i.e. marsheswhich
do not fall into the Salt/Brackish Marsh category). Typical communitiesinclude species of sedges, millets, rushes and grassesnot
specified in the coastal wetland regulations. Also included is Arundinaria gigantea, Sagittaria spp., Pontederia spp., Peltandra
spp., Polygonum spp., and Typha spp.

Pocosin (w-type = 4)
Palustrine scrub/shrub communities (i.e. non-Estuarine Scrub/Shrub) dominated by evergreen shrubs, often mixed with Pinus
serotinaor Pinustaeda. Typically occur on saturated, acid, nutrient poor, sandy or peaty soils; usually removed from large streams
and subject to periodic burning.

Bottomland Hardwood or Riverine Swamp For ests (w-type = 6)
Riverine forested or occasionally scrub-shrub communities usually occurring in floodplains, that are semi-permanently to
seasonally flooded. In bottomland hardwood systems, typical species include Quercus laurifolia, Quercus nigra, Quercus
michauxii, Quercus lyrata, Liquidambar styraciflua, Fraxinus pennsylvanica, Populus spp., Salix spp., Betula nigra, and
occasionally Pinus spp, In swamp forest systems, typical speciesinclude Taxodiumspp., Nyssa spp., Fraxinus pennsylvanica, and
Acer rubrum.

Depressional Swamp Forest (w-type=7)
Very poor;y drained non-riverine forested or scrub/shrub communities which are semi-permanently flooded or including
temporarily flooded. Typica species include Taxodium spp., Nyssa spp., Fraxinus pennsylvanica, Acer rubrum and Carya
aquatica.

Headwater Swamps (w-type = 17)
Wooded, riverine systemsalong first order streams. Theseinclude hardwood dominated communities with moist soil most of the
year. Channelsreceive their water from overland flow and rarely overflow their own banks.

Hardwood Flat (w-type = 9)
Poorly drained interstream flats not associated with rivers or estuaries. Seasonally saturated by high water table or poor drainage.
Species vary greatly but often include Liquidambar styraciflua and Acer rubrum.
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Appendix A: Wetland Type Definitions (cont)

Pine Flats (w-type = 10)
Palustrine, seasonally saturated pine communities on hydric soilsthat may become quite dry for part of the year, generally on flat
or nearly flat areasthat are not associated with ariver or stream system. Usually dominated by Pinustaeda. This category does
not include managed pine systems.

Managed Pinelands (w-type = 11)
Seasonally saturated, managed pine forests (usualy Pinus taeda) occurring on hydric soils. This wetland category may also
contain non-managed pine forests occurring on hydric soils. Generally these are areas that were not shown on National Wetland
Inventory maps. These areas may or may not be jurisdictional wetlands.

Human I mpacted Wetlands (w-type 40)
Areas of human impact have physically disturbed thewetland, but the areais still awetland. Impoundmentsand some cutoversare
included in this category, as well as other disturbed areas such as power lines.

Drained Wetlands (w-type =21 - 37)
Any wetland system described abovethat is, or has been, partially drained/ditched according to the US Fish & Wildlife National
Wetland Inventory maps.

Cleared Wetlands (w-type 41 - 57)
Areasof hydric soilsfor which satelliteimagery indicates alack of vegetation in both 1988 and 1994. Theseareasarelikely tono
longer be wetlands.

Cutover Wetlands (w-type 61-77)
Areasfor which satelliteimagery indicatesalack of vegetationin 1994. Theseareasarelikely to bestill bewetlands, however, but
they have been recently cut over. Vegetation in these areas may be revegetating naturally or may be in use for silvicultura
activities.

Wetland Maodifiers Explanation:

Drained: add 20 to w-type (e.g., drained hardwood flat = 29)

Cleared: add 40 to w-type (e.g., cleared pocosin = 44)

Cutover: add 60 to w-type (e.g., cutover pineflat = 70)

Note that these modifiers are not applicable to Managed Pine and Human Impacted wetland types.
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Appendix B: Functional Assessment Field Sampling and Data Analysis

INTRODUCTION

The coastal plain of North Carolina contains a diverse collection of wetland types. These different wetland types perform various natural
functions that are beneficial to the surrounding landscape. The role of North Carolinas wetlands as a sanctuary to wildlife has long been
recognized (Wilson, 1962). Wetlands and their critical roles in protecting water quality (Leopold, 1974; DEM, 1992), preventing floods,
erosion (Carter et ., 1978), and maintaining fish populations (Larson, 1981) have become increasingly evident.

The North Carolina Division of Coastal Management (NC DCM) devel oped a Geographic Information System (GIS) wetland functiona
assessment procedure for the North Carolina coastal plain. The primary objective of the procedure was to assess the relative function of
wetlands by small watershed unit. The method was developed as part of the Carteret County Advance Identification (ADID) of Wetlands
Project. NC DCM developed a method to identify field indicators of functions that would support statementsin the Gl S-based assessment
with field-based data. Thefirst wetlandsthat were mapped were drawn from the sample pool of functionally assessed wetlands. Generalities
made from the field data will be incorporated into the Gl S-based assessment procedure.

Initially, the field method divided wetlands into broad hydrogeomorphic (HGM) classes based on their position in the landscape: riverine
and flats/depressional. The tidally-influenced marshes associated with estuarine waters were not included in the functional assessment
procedure because of their protection under the North Carolina Coastal Area Management Act (CAMA). The field method provided
information on functions that further supported water quality, hydrology, and habitat functions.

The methods developed in the Carteret County ADID provided reasonable delineations for 11 wetland types and 15 function indicators
(Table 1). Theentiredataset wasdivided by their HGM class (flats/depressional or riverine). For the flats/depressional dataset the hydrology
function contained two indicators, surface water storage (SURF) and subsurface water storage (SUBSURF). Theriverine dataset's hydrologic
function consisted of SURF and SUBSURF as well as ground water modification (GW MOD) and velocity reduction (VEL RED).

The water quality function for the flats/depressional dataset contained the following indicators: nutrient transformations and processing
(NUTRAN), removal of elements and compounds in precipitation and dryfall (PPT), storage of organic matter in soils (SOM), soil organic
carbon to maintain spodosols (SPOD), and organic carbon export (OCEXP). Theriverine dataset consisted of the same functions NUTRAN
and OCEXP as the flats dataset as well as removal of dissolved and particulate material (REMOVMAT), and retention of woody structure
(WOQD).

Both the riverine and the flats/depressional datasets contained the same four habitat indicator functions in the study. Study sites were
examined for the presence of a characteristic plant community (PLANT), characteristic detrital biomass maintenance (DETRIT), vertica
habitat structure maintenance (V ERT), and maintenance of food web support (FOOD). For asummary of flatsand riverineindicator functions,
see Tables 2 and 3.

NC DCM examined 12 primary wetland typesfound in the coastal plain of North Carolina: freshwater marsh (FW MAR), estuarine shrub-
scrub (EST SS), pocosin (POCOSN), bottomland hardwood (BLH), swamp (SWAMP), hardwood flat (HDWDFLT), pineflat (PINE FLT),
pine plantation (PLANTN), maritime forest (MAR FOR), estuarine forest (EST FOR), and headwater (HDWTR). Appendix A contains
definitions and major species of each wetland type. Using scores derived from each major function and overall totals, we attempted to group
wetland types by various statistical methods into three separate functional value classes. These functional value classes were referred to as
High, Medium, and Low.

METHODS

Wetland typeswere analyzed on the basis of their mean scores derived from hydrogeomorphic indicators observed inthefield. Thescoring
system devel oped assigned pointsto each functional indicator. Two primary statistical techniqueswere utilized in an attempt to group wetland
types according to their functional values. Cluster Analysis was used to separate the wetland typesinto major groups. The Multi-Response
Permutation Procedure was utilized to test whether a significant difference between the groups exists. NC DCM al so employed conventional
statistical methods to examine our data. The parametric method, Analysis of Variance (ANOV A) and the non-parametric method Wilcoxon
Rank Sum were used on each wetland typein the respective datasets. The wetland types/groupswere compared to major functions (hydrology,
water quality, habitat) by multiple comparison techniques (Dunn's method and SAS Generd Linear Model/Ryan-Einot-Gabriel-Welsch, GLM-
REGW) where applicable.
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Cluster Analysis

The cluster analysis statistical technique is from the PC-ORD System (McCune, 1991). PC-ORD software provides programs for
multivariate analysis that are compatible on MS/PC-DOS microcomputers (McCune, 1991). Cluster analysis is a technique which sorts
sample units (in our case, wetland types) into groups or clusters based on their overall resemblance to one another (Ludwig and Reynolds,
1988). The cluster models which presented in this report are displayed in a hierarchical structure called a dendrogram.

There are numerous methods by which PC-ORD can group clusters. For areview on Cluster Analysis and the different methods of
grouping clusters, consult Gauch (1982) or Ludwig and Reynolds (1988). Ward's Method, or "minimum variance clustering,” is quite
popular among community ecologists sinceit operates on the underlying principlethat at each stage of clustering the variancewithin clusters
isminimized with respect to the variance between clusters (Ludwig and Reynolds, 1988). We found that measuring Euclidean distance by
Ward's Method resulted in the lowest percent chaining. Chaining refers to the sequential addition of small groups to one or afew large
groups in the cluster analysis (McCune, 1991). Dendrograms that have a high percent chaining are usually undesirable as they are not
helpful in defining subgroups (McCune, 1991). Therefore, we used high percent chaining as the primary basis for eliminating poor
clustering models.

Multi-Response Per mutation Procedures

Multi-Response Permutation Procedures (MRPP) are non-parametric techniques for testing the hypothesis that no difference exists
between two or more groups of entities (McCune, 1991). The MRPPisatechnique similar in purpose to thet-test and one-way analysis of
variance F test; however, the applicability of the M RPP does not require assumptions of normality or homogeneity (Zimmerman, 1985). A
complete review on the MRPP technique can be found in Biondini (1985) and Zimmerman (1985).

MRPP employs various methods for weighting and distance measures to determine the necessary test statistics. We used the n/sum(n)
method (where n is the number of itemsin agiven group) for the weighting of groups, and the Euclidean distance method for the basic
distance measure. The test statistic derived is the difference between the observed and expected deltas divided by the square root of the
variancein delta(McCune, 1991). To explain the separation of the groups, the observed deltais compared to the expected delta (M cCune,
1991). A probability value expressesthelikelihood of getting a delta as extreme or more so than the observed delta(McCune, 1991). This
probability value is the primary statistic used in our MRPP analysis.

The conventional statistics (ANOV A, Wilcoxon, Kruskal -Wallis), and the SAS procedure GLM-REGW, were performed on PC-SASby
the North Carolina State Center for Health & Environmental Statistics. Dunn's procedure was utilized for multiple comparisons between
wetland types because of its ability to examine data with different sample sizes and data which were not normally distributed.

RESULTS

Thefield datawere subjected to Cluster Analysis (CA) and Multi-Response Permutation Procedures (MRPP). Analyseswere performed
on al pertinent wetland types versus al indicator functions and then broken down into indicator function clustering and MRPP andlysis asit
would pertain to the three primary wetland functions. hydrology, water quality, and habitat. For example, theflats dataset clustering of 10
wetland types against the hydrol ogic function utilizes 2 indicator functions: SURF and SUBSURF (Table 2). Because the MRPP cannot be
completed when acluster group consists of asinglewetland type, groups occasionally had to be combined. Thiscombinationisnoted when

appropriate.

The FlatgDepressional Dataset

Theflats dataset contains 10 wetland types and 11 indicator functions (Table 2). Theindicator functionswere grouped within thethree
major functions as shown in Table 2. A cluster analysis was run on all indicator functions and each major wetland function. Inall, four
separate cluster analyses were performed on the flats data. A summary of the clustering data can be reviewed in Table 4.

Four separate analyses of MRPP were al so performed on the corresponding cluster groupings (for each major function and all indicator
functionstogether). The primary test statistic which we considered was the p-value of asmaller or equal delta. All other information such
as group Euclidean average distance or observed and expected deltaswerelisted in the respective figures. A summary of the MRPP groups
for the flats dataset may be viewed in Table 5.

The cluster analysis performed with the flats wetland type versus all the indicator functions yielded three primary clusters with a 10.00
percent chaining (Figure 1). Consult Table 4 for the group clustersof “All Indicator” functions seenin theflats dataset. The MRPPanalysis
showed a p-value of .17%, rejecting the null hypothesis (Figure 2). Therefore, there was a statistically significant difference exhibited
between each of the groups.
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The cluster analysis of the wetland types versus the hydrologic functions gave three primary clusters with a percent chaining of 45.00
(Figure1). Referto Table 4 for group clustersin the hydrology function exhibited in the flats dataset. The MRPP analysiswas pooled into
two groups (cluster groups A and B relate to MRPP group 1 while group C correlated to group 2) (Table 6). The MRPP gave ap-value of
47% which suggests that the groups are statistically different from one another (Figure 2).

Thewater quality function produced four clusters with a percent chaining of 10.00 (Figure 3). Consult Table 4 for group clusters of the
water quality functionin theflatsdataset. Thewetland type HDWTR was grouped with Group 1inthe MRPP. The MRPP analysis showed
asignificant difference between the groups with a p-value of .32% (Figure 4).

Cluster analysis of the habitat function exhibited three primary groups with apercent chaining of 20.00 (Figure 3). Refer to Table4 for
group clusters of the habitat function intheflats dataset. The M RPP analysis again showed that there were significant differences between
the groups with a p-value of .11% (Figure 4).

Analysisof Variancetestswererun on the flat wetland typeswith respect to each major function (hydrology, water quality, and habitat).

In each major function, a highly significant difference (p >.0001) among the wetland types was demonstrated. To examine differences

among different groups of wetland types, amultiple comparison method (SAS-GLM-REGW) was employed. However, in order to perform

thistest, the data must be normally distributed. In the flats dataset, only the data associated with the water quality function was normally

distributed. The SAS-REGW test yielded three primary groups: Group 1 (POCOSIN, SWAMP, and HDWTR), Group 2 (HDWDFLT, FW
MARSH, MAR FOR, PINE FLT, and EST SS), and Group 3 (EST FOR, PLANTN).

For the hydrology and habitat major functions of the flats dataset a SAS-REGW could not be performed (not normally distributed);
however, Wilcoxon Rank Sum test and the multiple comparative analog Dunn's Procedure were utilized. Both the hydrology and habitat
functions exhibited significant Wilcoxon Rank Sum p-values (p >.0001). The Dunn's Procedure for the hydrology function yielded four
pairs of wetland types significantly different from oneanother (EST SS-SWAMP, PINE FLT-SWAMP, PLANTN-SWAMP, and POCOSIN-
SWAMP). For the habitat function, Dunn's Procedure gave eight pairs of wetland types significantly different from oneanother: EST FOR-
FW MAR, FW MAR-HDWTR, FW MAR-HDWDFLT, FW MAR-SWAMP, HDWTR-PLANTN, PINEFLT-SWAMP, PLANTN-SWAMP,
and POCOSIN-SWAMP.

The Riverine Dataset

Theriverine dataset was comprised of 8 wetland typesand 12 indicator functions (Table 3). Theindicator functionswere grouped within
each major function as shown in Table 3. A cluster analysiswasrun on all the datain the riverine dataset and by each magjor function. A
summary of the cluster groupsfor theriverine dataset isshownin Table5. MRPP analyses were run on each riverinemajor function and the
overal function. A summary of the MRPP groups can be viewed in Table 7.

Thecluster analysis of theriverinewetland types versus al theindicator functions showed four clusterswith apercent chaining of 27.27
(Figure 5). The MRPP yielded a significant p-value of .38% (Figure 6). For the MRPP analysis, the wetland type EST SSwas added to
Group 1 and PLANTN was added to Group 2 (Table 7).

Riverinewetland types clustered versus the hydrol ogy functions yielded four groups with a45.45% chaining (Figure5). The MRPPfor
the hydrology function was not able to reject the null hypothesis with a p-value of 33.7% (Figure 6). Therefore, the groups were not
significantly different.

The water quality function produced a dendrogram with 36.36% chaining and four clusters (Figure 7). The MRPP analysis for the
riverine water quality function gave a statistically significant p-value of 1.1% (Figure 8). The wetland type EST SS, which clustered asa
single entity, was added to Group 2 of the MRPP (Table 7).

Riverine data clustered versus the habitat function yielded a27.27% chaining with four primary groups (Figure 7). The MRPP analysis
of theriverine habitat function yielded asignificant p-value of .38% (Figure 8). Thewetland typesEST SSand PLANTN clustered assingle
entities; therefore, they were added to the MRPP groups 1 and 2, respectively.

Analysisof Variance (ANOVA) testswere run on the primary three riverinewetland types (BLH, HDWTR, and SWAM P) with respect to
each major function. Hydrology, water quality, and habitat all yielded p-valuesthat were not statistically significant. Thedatain each major
function were not normally distributed, therefore the SAS-REGW procedure would not apply; however, Wilcoxon Rank Sum tests were
performed to detect any differences among wetland types. Hydrology was the only major function to yield a significant p-value in the
Wilcoxon test (p > 0.0420). The Dunn's Procedure for the riverine hydrology function showed one pair of wetland types significantly
different from each other: BLH-SWAMP.
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DISCUSSION

In the analyses of the datawe have attempted to group wetland typesin terms of their functional value as determined by hydrogeomorphic
indicators. Initially, we examined the entire dataset for overall trendsin the data. We quickly realized that the data represented two separate
datasets: those samples associated with the flats/depressional sites and those with theriverine sites. The sampleswere then sorted according
to their respective hydrogeomorphic class with the resulting statistical analyses focused separately on the flats and theriverine datasets. The
basis for the statistical analyses of all the data was the mean indicator scores derived from field indicators related to each major function
(hydrology, water quality, and habitat) and to the overall function. We have shown through various statistical methods how different wetland
types may group together with respect to each major function. From these groups we devel oped awetland valuation rating (High, Medium,
and Low) for each major function and the overall dataset. The High, Medium, and Low groups that we proposed were based on trends
observed in the statistical data and support from the literature.

The Flats/Depressional Dataset

Each MRPP analysisthat wasrun on the flats dataset produced statistically significant differences among the cluster groups. Weaccepted a
significance level of 5% and in every case the p-value reflected significance well below that figure. This confirmed that the cluster analyses
were separating out groups and that these groups were statistically different from the others.

An interesting and useful cluster analysis performed on the flats dataset was that of the wetland types versus al the functions. In that
particular dendrogram (Figure 1), three primary groupsarefound. A potential High, Medium, and Low grouping can beformulated from the
analysis. Group A consisted of the SWAMP and HDWTR wetland types and could from the higher mean indicator scores (Table 8) be
classified as the High functional value wetlands. Group B consisted of MAR FOR, HDWDFLT, EST FOR, and EST SSwetland types and
could be classified as the Medium functional value class. The Low functional value class would be comprised of the POCOSIN, PLANTN,
PINE FLT, and FW MAR wetland types (Table 8).

Theflats wetland types versus the hydrology function also exhibited a potentially useful dendrogram (Figure 1). Group A consisted only of
the SWAMP wetland type and again, could be thought of asin the High grouping. Group B, the Medium functional valuegrouping, consisted
of POCOSIN, HDWDFLT, MAR FOR, HDWTR, FW MAR, EST SS, and EST FOR. The Low rating could be attributed to the wetland types
foundin Group C: PLANTN, and PINE FLT. The Dunn's Procedure supported the wetland type SWAMP as significantly different than many
of the other wetland typesin the flats dataset (EST SS, PINE FLT, PLANTN, and POCOSIN).

Considering the two largest clusters of the flats versus water quality function dendrogram (Figure 2), one could divide the wetland types
into High and Medium/Low groups. The High group would contain the SWAMP, POCOSN, and HDWTR wetland types while the
Medium/Low group would contain the remainder of the wetland typesfor the flats dataset. The SAS-REGW procedure also confirmed this
grouping with the SWAMP/POCOSIN/HDWTR asthe High value group for water quality function and the PLANTN and EST FOR wetland
types representing the Lower value wetlands. The remainder of the wetland types make up the Medium value wetland group.

The habitat function yielded three groups, which may be classified in the three-tier grouping. The High value group consisted of Group A
(SWAMP, HDWDFLT, EST FOR, EST SS, MAR FOR, and HDWTR) wetland types. The Medium tier was composed of Group B (POCOSIN
and PINE FLT) wetland types. The Low vaue group consisted of Group C (PLANTN, ALTERED, and FW MAR) wetland types. Group A
had the highest mean indicator scores in the habitat function with Group B and Group C having the medium and low scores, respectively
(Table8). The Dunn's Procedure supported many of the above findings with the wetland types SWAMP and FW MAR significantly different
from a number of the wetland types (POCOSIN, PLANTN, PINE FLT, FW MAR) and (EST FOR, HDWTR, HDWDFLT, SWAMP),
respectively.

Therefore, based on patterns and trends exhibited by the cluster analyses and further evidence from the MRPP, and supported by the SAS-
REGW and Dunn's Procedures, we propose an overall general grouping of wetland types into High, Medium, and Low functional value
categories for the flats/depressional dataset.

The High functional value group would include the SWAMP, HDWTR, and the FW MAR wetland types. The SWAMP and HDWTR
wetland types often clustered together; however, the FW MAR wetland type often clustered with the Low group (Table 4). The indicator
scoring system employed favored forested wetlands, therefore, awetland type such as FW MAR, with an appreciable amount of open water
scored lower and tended to cluster with the lower functional value wetlands. NC DCM included the FW MAR wetland type in the High
functional value class for two reasons: (1) the relative scarcity of this wetland type in the coastal plain of North Carolina (Wilson 1962,
DEHNR 1991), and (2) examples from the literature supporting its high functional valuein relation to hydrology, water quality, and habitat
(DEHNR 1991, Mitsch and Gosselink 1986).
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The Medium functional value group would contain the following wetland types: HDWDFLT, EST SS, EST FOR, POCOSIN, and MAR
FOR. The Low functional value group would consist of the PLANTN and PINE FLT wetland types.

A MRPP analysis was performed on the proposed groupings stated above (excluding FW MAR from the High group). The p-value of .43%
showed a statistically significant difference between the groups (Figure 9). The mean indicator scoresfor each group correlated directly with the
High, Medium, and Low classes (Table 8). To further substantiate the SWAMP and HDWTR wetland types as "Highly" functionally valuable
wetlands, the following discussion in theriverine dataset section provides examplesfrom the literature to support the inclusion of SWAMP and
HDWTR (of both flat and riverine origin) as functionally high value wetlands.

The Riverine Dataset

The riverine dataset was essentially composed of three wetland types. BLH, SWAMP, and HDWTR. Of the 84 sample sitesin theriverine
dataset, the three af orementioned wetland types comprised 94% of the dataset. The other five wetland types were single samples (Table 3). The
flats dataset, with a more equitabl e distribution of wetland types, provided more potentia for apreliminary division into the High, Medium, and
Low functional classes. Not unexpectedly, these threeriverine wetland types (BLH, SWAMP, and HDWTR) often clustered together, usualy with
the other wetland types clustering as single entries. Moreover, the riverine dataset showed a consistently higher percentage chaining than the
flats/depressional dataset dueto thefive singlewetland type entries. Of thefour cluster analysesthat were run on theriverine dataset, the primary
three (BLH, SWAMP, and HDWTR) clustered together in three occasions. hydrology (Figure 5), habitat (Figure 7), and the overall function
(Figure5).

Given the nature of the riverine dataset, Cluster Analysis was not able to divide the riverine wetland types into different functional value
classes. However, Cluster Analysisdid revea that the primary three riverine wetland types (BLH, SWAMP, and HDWTR) represent their own
datasubset. Standard Analysisof Variance (ANOVA) showed that there was no significant difference betweenthe BLH, SWAMP, and HDWTR
wetland typeswith respect to each major function. The Wilcoxon Rank Sum tests also showed no differencein the three wetland types except for
the major function hydrology in which Dunn's Procedure singled our BLH and SWAMP as being significantly different. However, the
af orementioned technique was performed solely on the primary three riverine wetland types.

Therefore, NC DCM proposed that the BLH, SWAMP, and HDWTR wetland types make up theriverine High overall functional value group.
The basisfor this decision stems from their higher overall and major function (hydrology, water quality, and habitat) scores these wetland types
exhibitedinthedata(Table9). Inthiscase, the BLH and HDWTR wetland types exhibited somewhat lower scoresthan the SWAMPwetland type
(Table9). Moreover, the MRPP method showed that the groups given by the cluster analysiswere significantly different (with the exception of the
hydrology function) from one another, therefore, the scores were significantly higher (Table 9).

To further support our data, we have included a few examples from the literature which support the wetland types BLH, SWAMP, and
HDWTR (both riverine and flats) as "High" functional value wetlands with respect to each major function and to the overall function (all
indicators).

The hydrologic function of the assessment procedure focuses on surface water runoff, floodwater storage, and shoreline stabilization. Surface
water runoff isgreatly affected by awetland's size and position in thewatershed. Novitzki (1978) showed that 50% of thereductionin flood peaks
canresult fromthefirst 5% of wetland areain the watershed. Wetlandslocated in headwaters generally desynchronizetributary and main channel
peaks, whilelakes and wetlands with restricted outlets hold back floodwaters and attenuate flood peaks (Carter et al., 1978). Vegetative cover also
isan integral facet of wetland flood water storage. V egetation attenuates floodwaters by creating frictional drag in proportion to stem density
(Marble, 1992). Adamus et al. 1983, listed from most to least effective the vegetative forms that perform the above function: forested
(coniferous), forested (deciduous), shrub-scrub, emergent persistent, emergent non-persistent, and aquatic bed (rooted vascular). V egetative cover
of awetland also isimportant in its ability to stabilize a shoreline or astreambank. Kite (1980) showed that vegetation effective for long-term
streambank protection exhibits water-tolerant characteristics and penetrating, branching roots. Therefore, aforested wetland located along an
intermittent or permanent stream such as a swamp forest or bottomland hardwood, would have the opportunity and ability to demonstrate its
function within the respective watershed.

The riverine water quality functions of the assessment procedure focus on non-point source and floodwater cleansing characteristics in
determining functional valuefor arespectivewetland. Wetlands|ocated in urban, agricultural, or disturbed watersheds have an increased ability to
receive sediments and pollutants. Moreover, the position of a wetland in the landscape is a very important characteristic determining the
opportunity of awetland to receive and retain sediment and nutrients. Headwater riparian wetlands are most critical in terms of ensuring water
quality since small streams comprise most of thetotal stream |ength within awatershed (Leopold, 1974). In addition, Novitzki (1978b) found that
approximately 80% of the sediment entering a wetland was retained in the headwaters.
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Sediments, associated nutrients, and toxicants, when transported into a wetland, may be removed by chemical breakdown, burial, and/or
milated into plant tissue (DEM, 1992). Theextent of removal isprimarily determined by vegetative cover, duration of flooding, and soil type.
Reppert (1979) found that the density of woody vegetation should be greater than 80% for a wetland to effectively trap sediments. Reppert
suggests that a wetland with vegetative cover between 50% and 80% can retain moderate amounts of sediment, and an open canopy of 20% to
50% retains only a small proportion of the incoming sediment. Yarbro (1984) showed that phosphorus was efficiently retained in riverine
wetlands during flooding conditions. The results showed that when lessthan 50% of the floodplain wasinundated, between 10% and 17% of the
incoming total phosphorus was retained. Alternatively, inundation above 50% yielded between 47% and 69% retention of phosphorus. In
addition, Jordan (1986) compared four wetlands, two that flooded frequently and two which rarely flooded. Theresults showed that the forested
and herbaceous wetlands that flooded on a frequent basis accumulated significantly larger amounts of sediment than the two wetland areas that
rarely flooded. Marble (1992) stated that those wetlands with aluvial, afisol, ferric, clay or other fine soilswill be most effective at phosphorus
retention. Therefore, wetlands that are forested, frequently inundated, and contain a suitable soil type for pollutant (toxicants and/or nutrients)
removal perform high functional values for the respective watershed.

The habitat function for the assessment procedure considers threatened and endangered species and significant natural areas in addition to
habitat characteristics affecting terrestrial and aquatic wildlife. If the wetland contains flora or fauna which appear on the North Carolina's
threatened and endangered specieslist (from the NC Natural Heritage Program) then the wetland functional valuerating isHigh. Because of the
transient nature of terrestrial wildlife and the relatively short period of time on site, assessing a functional value for wildlife habitat is often
difficult. However, research has shown that the presence of water, vegetative diversity, and surrounding land use (in the watershed) contributeto
wildlife abundance and diversity. For example, Brinson (1981) determined that the most heavily used wildlife areas in North Carolina were
located in azone within 600 feet of astream or openwater. In addition, Golet (1978) has shown that more wildlife species occur in wetlands that
are hydrologically connected to other wetlands. Forested wetlands with well developed herbaceous, shrub, sapling, and tree layers provide an
important habitat for wildlife diversity. Many researchers have found a positive correlation between horizontal and vertical vegetative diversity
and wildlifediversity (Bradshaw, 1991; Ammann, 1991; Adamuset al., 1987; Harrisetal., 1983; and Odumet al., 1979). Insummary, awetland
that ratesaHigh functional valuefor wildlife habitat would probably show diverse vegetative structure, and be located near abody of open water
or along a stream.

Factorsthat areimportant to aguatic lifein wetlandsinclude the presence of permanent water, frequent flooding, pH, vegetation diversity, and
surrounding land use (DEM 1992). The highest value wetlands for aquatic life are permanently flooded or intermittently exposed over at least
10% of their area (Marble 1992). Larson et a. (1981) showed that southeastern bottomland hardwood forests are used by nearly all fishes of the
adjoining river as feeding, spawning, and/or nursery areas. Wetlands with well interspersed patches of vegetation or diffuse open stands of
vegetation provide the best aquatic habitat (Marble 1992). Generally, the most important wetlandsin terms of habitat value contain amixture of
trees and shrubs, emergent plants, aquatic macrophytes, and some open water (DEM 1992).

CONCLUSION

Historically, the objective of the ADID wasto determine which wetlandsin Carteret County, were of ecologically high value and thus should be
protected from dredge and fill. The ultimate goal for this study and othersto follow would be to produce wetland maps with functional value
indicated and for use by local governments for decision making and long range planning. We visited more than 350 sample sites primarily in
Carteret County, and the data retrieved from these sites has enabled us to devel op afunctional assessment procedure for different wetland types.
Initially, the dataset was divided by HGM class, then analyzed primarily by cluster analysis and multi-response permutation procedures.

Theflats dataset showed trendsin the clustering results which grouped the wetland types SWAMP and HDWTR together. These wetland types
had significantly higher mean indicator scores. Consequently, NC DCM classified these wetland types as flats representative of the High
functional valuewetlands (Table8). NC DCM a soincluded FW MAR in the High functional group athoughit usualy clustered with thewetland
types representative of the Low functional group (PINE FLT and PLANTN). Because of the discrepancies of our scoring system to non-forested
wetlands, the relative scarcity of freshwater marshes in the North Carolina coastal plain and the known beneficial functions these wetlands
provide, NC DCM decided to include thiswetland typein the High functional valueclass. Alternatively, those wetland typeswhose mean scores
were consistently lower and clustered together werethe PINE FLT and PLANTN wetland types. Thewetland types of theflats dataset which often
clustered together and showed moderate mean indicator scoresincluded: MAR FOR, EST FOR, EST SS, POCOSN, AND HDWDFLT (Table8).

Theriverine dataset showed three primary wetland types, BLH, SWAMP, and HDWTR, which clustered together in all cases but one (water
quality). Thesewetland typesalso had higher mean indicator scoresthan the other wetland typesin theriverine dataset (Table 9). The groupings
displayed in Table 9 are based on the riverine MRPP groups.

One could make a case for not including the five other riverine wetland types (PINE FLT, EST SS, PLANTN, EST FOR, and HDWD FLT) in
the statistical analyses since they appeared only as single entries in the dataset, and in fact, this was done with more conventiona statistical
techniques, with negative results. However, NC DCM felt these wetland types, when included, did exhibit differences from the primary three
riverinewetland types (BLH, SWAMP, and HDWTR) which then enabled NC DCM to distinguish thelatter group as Higher in functional value.
Whilethe BLH, SWAMP, and HDWTR wetland types make up nearly 95% of the riverine dataset, we felt differences shown in mean indicator
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scores and clustering along with substantial support from theliterature warrant the classification of the above 3 wetland typesasfunctionally High
value wetlands.

The above recommendations and observationsfor both the flats/depressional and riverine datasets are geared toward an overall wetland rating
through examination of al functions collectively. NC DCM feels that an overal rating for the proposed wetland maps would be the most
beneficial for the local and regiona planners. Each wetland type could be evaluated and given a rating with respect to each mgjor function
(hydrology, water quality, habitat), and in many cases wetland types would differ in functional capabilities with respect to each major function.
For thisinformation NC DCM would refer to the cluster summaries of the flats/depressional and riverine datasets.
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Appendix B (cont.)
FIGURE 1

FLATS DATA vs ALL INDICATOR FUNCTIONS
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Appendix B (cont.)

FIGURE 2
MULTI-RESPONSE PERMUTATION PROCEDURES (MRPP)

FLATS vs ALL INDICATOR FUNCTIONS

INPUT HAS 10 WETLAND
THERE WERE 11 FUNCTIO
WEIGHTING OPTION: C(I) = n(I)/sum(n(I))

DISTANCE MEASURE = Euclidean

GROUP NUMBER 1 OF SIZE 2 HAS AN AVERAGE DISTANCE = 1.8320208
GROUP NUMBER 2 OF SIZE 4 HAS AN AVERAGE DISTANCE = 2.1452494
GROUP NUMBER 3 OF SIZE 4 HAS AN AVERAGE DISTANCE = 1.0824680
THE TEST STATISTIC IS = -3.9489068

THE OBSERVED DELTA IS = 1.6574911

THE EXPECTED DELTA IS = 2.5205177

THE VARIANCE OF DELTA = .47763328E-01

THE SKEWNESS OF DELTA = -.80530833

PROBABILITY OF A SMALLER OR EQUAL DELTA = .00170269

FLATS vs HYDROLOGY

INPUT HAS 10 WETLAND
THERE WERE 2 FUNCTIO
WEIGHTING OPTION: C(I) = n(I)/sum(n(I))
DISTANCE MEASURE = Euclidean
GROUP NUMBER 1 OF SIZE 8 HAS AN AVERAGE DISTANCE = .42669679
GROUP NUMBER 2 OF SIZE 2 HAS AN AVERAGE DISTANCE = .52009598
THE TEST STATISTIC IS = -4.5671409
THE OBSERVED DELTA IS = .44537663
THE EXPECTED DELTA IS = .60609777
THE VARIANCE OF DELTA = .12383893E-02
THE SKEWNESS OF DELTA = -2.2842500

PROBABILITY OF A SMALLER OR EQUAL DELTA = .00471710
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FIGURE 3
FLATS DATA vs WATER QUALITY FUNCTION
CLUSTER ANALYSIS, EUCLIDEAN DISTANCE WARD’S METHOD Percent chaining = 10.00
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Appendix B (cont.)
FIGURE 4

MULTI-RESPONSE PERMUTATION PROCEDURES (MRPP)

FLATS DATA vs WATER QUALITY FUNCTION

INPUT HAS 10 WETLAND
THERE WERE 5 FUNCTIO
WEIGHTING OPTION: C(I) = n(I)/sum(n(I))

DISTANCE MEASURE = Euclidean

GROUP NUMBER 1 OF SIZE 3 HAS AN AVERAGE DISTANCE = 1.0432764
GROUP NUMBER 2 OF SIZE 5 HAS AN AVERAGE DISTANCE = .65312513
GROUP NUMBER 3 OF SIZE 2 HAS AN AVERAGE DISTANCE = 1.1060742
THE TEST STATISTIC IS = -3.5193961

THE OBSERVED DELTA IS = .86076030

THE EXPECTED DELTA IS = 1.2377404

THE VARIANCE OF DELTA = .11473620E-01

THE SKEWNESS OF DELTA = -.75876056

PROBABILITY OF A SMALLER OR EQUAL DELTA = .00328094

FLATS DATA vs HABITAT FUNCTION

INPUT HAS 10 WETLAND
THERE WERE 4 FUNCTIO
WEIGHTING OPTION: C(I) = n(I)/sum(n(I))

DISTANCE MEASURE = Euclidean

GROUP NUMBER 1 OF SIZE 6 HAS AN AVERAGE DISTANCE = .97239887
GROUP NUMBER 2 OF SIZE 2 HAS AN AVERAGE DISTANCE = .30659426
GROUP NUMBER 3 OF SIZE 2 HAS AN AVERAGE DISTANCE = 1.1099998
THE TEST STATISTIC IS = -4.1097749

THE OBSERVED DELTA IS = .86675814

THE EXPECTED DELTA IS = 1.9302940

THE VARIANCE OF DELTA = .66968136E-01

THE SKEWNESS OF DELTA = -.77009040

PROBABILITY OF A SMALLER OR EQUAL DELTA = .00117972
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FIGURE 5

RIVERINE DATA vs ALL INDICATOR FUNCTIONS

Percent chaining = 27.27
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Appendix B (cont.)
FIGURE 6

MULTI-RESPONSE PERMUTATION PROCEDURES (MRPP)

RIVERINE DATA vs ALL INDICATOR FUNCTIONS

INPUT HAS 8 WETLAND
THERE WERE 12 FUNCTIO
WEIGHTING OPTION: C(I) = n(I)/sum(n(I))

DISTANCE MEASURE = Euclidean

GROUP NUMBER 1 OF SIZE 5 HAS AN AVERAGE DISTANCE = 1.9224570
GROUP NUMBER 2 OF SIZE 3 HAS AN AVERAGE DISTANCE = 3.6860060
THE TEST STATISTIC IS = -4.3453310
THE OBSERVED DELTA IS = 2.5837878
THE EXPECTED DELTA IS = 4.0305237
THE VARIANCE OF DELTA = .11084926
THE SKEWNESS OF DELTA = -1.7464730
PROBABILITY OF A SMALLER OR EQUAL DELTA = .00384555

RIVERINE DATA vs HYDROLOGY FUNCTION

INPUT HAS 8 WETLAND
THERE WERE 4 FUNCTIO
WEIGHTING OPTION: C(I) = n(I)/sum(n(I))

DISTANCE MEASURE = Euclidean

GROUP NUMBER 1 OF SIZE 3 HAS AN AVERAGE DISTANCE = .85879566
GROUP NUMBER 2 OF SIZE 3 HAS AN AVERAGE DISTANCE = 2.5133439
GROUP NUMBER 3 OF SIZE 2 HAS AN AVERAGE DISTANCE = 1.1357817
THE TEST STATISTIC IS = -.36402852

THE OBSERVED DELTA IS = 1.5484978

THE EXPECTED DELTA IS = 1.5901126

THE VARIANCE OF DELTA = .13068501E-01

THE SKEWNESS OF DELTA = -.39088442

PROBABILITY OF A SMALLER OR EQUAL DELTA = .33703575
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FIGURE 7
RIVERINE DATA vs WATER QUALITY FUNCTION

Percent chaining = 36.36
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Appendix B (cont.)
FIGURE 8

MULTI-RESPONSE PERMUTATION PROCEDURES (MRPP)
RIVERINE DATA vs WATER QUALITY FUNCTION

INPUT HAS 8 WETLAND
THERE WERE 4 FUNCTIO
WEIGHTING OPTION: C(I) = n(I)/sum(n(I))

DISTANCE MEASURE = Euclidean

GROUP NUMBER 1 OF SIZE 2 HAS AN AVERAGE DISTANCE = .34132098
GROUP NUMBER 2 OF SIZE 4 HAS AN AVERAGE DISTANCE = .93795927
GROUP NUMBER 3 OF SIZE 2 HAS AN AVERAGE DISTANCE = .69462213
THE TEST STATISTIC IS = -2.7977403

THE OBSERVED DELTA IS = . 72796541

THE EXPECTED DELTA IS = .99550933

THE VARIANCE OF DELTA = .91448247E-02

THE SKEWNESS OF DELTA = -.71037093

PROBABILITY OF A SMALLER OR EQUAL DELTA = .01057138

RIVERINE DATA vs HABITAT FUNCTION

INPUT HAS 8 WETLAND
THERE WERE 4 FUNCTIO
WEIGHTING OPTION: C(I) = n(I)/sum(n(I))

DISTANCE MEASURE = Euclidean

GROUP NUMBER 1 OF SIZE 5 HAS AN AVERAGE DISTANCE = 1.3455621
GROUP NUMBER 2 OF SIZE 3 HAS AN AVERAGE DISTANCE = 2.2937802
THE TEST STATISTIC IS = -4.3764696
THE OBSERVED DELTA IS = 1.7011439
THE EXPECTED DELTA IS = 3.4245902
THE VARIANCE OF DELTA = .15507711
THE SKEWNESS OF DELTA = -1.7829369
PROBABILITY OF A SMALLER OR EQUAL DELTA = .00384718
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FIGURE 9
MULTI-RESPONSE PERMUTATION PROCEDURES (MRPP)

FLATS vs ALL INDICATOR FUNCTIONS (-FW MARSH)

INPUT HAS 9 WETLAND
THERE WERE 11 FUNCTIO
WEIGHTING OPTION:

C(I) = n(I)/sum(n(I))

DISTANCE MEASURE = Euclidean

GROUP NUMBER 1 OF SIZE 2 HAS AN AVERAGE DISTANCE = 1.8320208
GROUP NUMBER 2 OF SIZE 5 HAS AN AVERAGE DISTANCE = 1.5745250
GROUP NUMBER 3 OF SIZE 2 HAS AN AVERAGE DISTANCE = 1.5055564
THE TEST STATISTIC IS = -3.2287706

THE OBSERVED DELTA IS = 1.6164200

THE EXPECTED DELTA IS = 2.2551987

THE VARIANCE OF DELTA = .39140512E-01

THE SKEWNESS OF DELTA = -.62947674

PROBABILITY OF A SMALLER OR EQUAL DELTA = .00439497
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TABLE 1

OVERALL DATASET

WETLAND TYPES INDICATOR FUNCTIONS
1. FW MAR (Freshwater Marsh) 1. SURF (Surface water)
2. HDWTR (Headwater) 2. SUBSURF (Subsurface water)
3. EST SS (Estuarine Shrub-scrub) 3. VEL RED (Velocity Reduction)
4. POCOSN (Pocosin) 4. GW MOD (Groundwater modification)
5. BLH (Bottomland Hardwood) 5. NUTRAN (Nutrient Transformations)
6. SWAMP (Swamp) 6. PPT (Removal of elements)
7. HDWDFLT (Hardwood Flat) 7. OCEXP (Organic Carbon export)
8. PINE FLT (Pine Flat) 8. SOM (Soil organic matter)
9. PLANTN (Pine Plantation) 9. SPOD (Spodosols)
10. MAR FOR (Maritime Forest) 10. WOOD (Woody retention)
11. EST FOR (Estuarine Forest) 11. REMAT (Removal of dissolved)

12. PLANT (Plant community)
13. VERT (Vertical habitat)
14. DETRIT (Detritus)

15. FOOD (Foodweb support)
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10.

WETLAND TYPES

FW MAR (Freshwater Marsh)

EST FOR (Estuarine Forest)

EST SS (Estuarine Shrub-scrub)

POCOSN (Pocosin)

HDWTR (Headwater)

SWAMP (Swamp)

HDWDFLT (Hardwood Flat)
PINE FLT (Pine Flat)
PLANTN (Pine Plantation)

MAR FOR (Maritime Forest)

Appendix B (cont.)

TABLE 2

FLATS/DEPRESSIONAL DATASET

INDICATOR FUNCTIONS

HYDROLOGY

1.

8.

9.

10.

11.

SURF (Surface water)

SUBSURF (Subsurface water)

WATER QUALITY

NUTRAN (Nutrient Transformations)

PPT (Removal of elements)

OCEXP (Organic Carbon export)

SOM (Soil organic matter)

SPOD (Spodosols)

HABITAT
PLANT (Plant community)
VERT (Vertical habitat)
DETRIT (Detritus)

FOOD (Foodweb support)
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TABLE 3

RIVERINE DATASET

WETLAND TYPES

BLH (Bottomland Hardwood)
SWAMP (Swamp)

HDWTR (Headwater)

INDICATOR FUNCTIONS
HYDROLOGY
SURF (Surface water)
SUBSURF (Subsurface water)

VEL RED (Velocity Reduction)

EST FOR (Estuarine Forest) 4. GW MOD (Groundwater modification)

EST SS (Estuarine Shrub-scrub) WATER QUALITY

PLANTN (Pine Plantation) 5. NUTRAN (Nutrient transformations)
HDWDFLT (Hardwood Flat) 6. OCEXP (Organic Carbon Export)
PINE FLT (Pine Flat) 7. WOOD (Woody retention)

8. REMAT (Removal of dissolved)
HABITAT

9. PLANT (Plant community)

10. VERT (Vertical habitat)

11. DETRIT (Detritus)

12. FOOD (Foodweb support)
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GROUP A

GROUP B

GROUP C

GROUP D

ALL

SWAMP
HDWTR

MAR FOR
HDWDFLT
EST FOR
EST SS

POCOSN
PLANTN
PINE FLT
FW MAR

N/A

FLATS/DEPRESSIONAL DATASET

Appendix B (cont.)
TABLE 4

CLUSTERING SUMMARY

HYDROLOGY

SWAMP

MAR FOR
HDWD FLT
HDWTR
POCOSN
FW MAR
EST SS
EST FOR

PLANTN
PINE FLT

N/A

WATER QUALITY

SWAMP
POCOSN

HDWTR

PINE FLT
PLANTN

EST FOR
MAR FOR
HDWD FLT

FW MAR
EST SS
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HABITAT

SWAMP
HDWD FLT
EST FOR
EST SS
MAR FOR
HDWTR

POCOSN
PINE FLT

PLANTN
FW MAR

N/A



GROUP

GROUP

GROUP

GROUP

ALL

BLH
SWAMP
HDWTR
PINE FLT

EST SS

PLANTN

HDWDFLT
EST FOR

HYDROLOGY

BLH
SWAMP
HDWTR

PINE FLT
EST FOR

PLANTN
EST SS

HDWD FLT

Appendix B (cont.)

TABLE 5
RIVERINE DATASET

CLUSTERING SUMMARY

WATER QUALITY HABITAT

BLH BLH

HDWTR SWAMP
HDWTR
PINE FLT

SWAMP EST SS

EST FOR

PINE FLT

EST SS PLANTN

PLANTN EST FOR

HDWD FLT HDWD FLT
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ALL

GROUP 1 SWAMP
HDWTR

GROUP 2 MAR FOR
HDWDFLT
EST FOR
EST SS

GROUP 3 POCOSN
PLANTN
PINEFLT
FW MAR

Appendix B (cont.)

TABLE 6

FLATS/DEPRESSIONAL DATASET

MRPP GROUP SUMMARY

HYDROLOGY

SWAMP
POCOSN
HDWDFLT
HDWTR
FW MAR
MAR FOR
EST SS
EST FOR

PLANTN
PINEFLT

N/A

Wetlands Functional Assessment - Page 106

WATER QUALITY

SWAMP
POCOSN
HDWTR

PLANTN
EST FOR
PINEFLT
MAR FOR
HDWDFLT

FW MAR
EST SS

HABITAT

SWAMP
HDWDFLT
EST FOR
EST SS
MAR FOR
HDWTR

POCOSN
PINEFLT

PLANTN
FW MAR




Appendix B (cont.)
TABLE 7

RIVERINE DATA

MRPP GROUP SUMMARY

ALL HYDROLOGY WATER QUALITY HABITAT
GROUP 1 BLH BLH BLH BLH
SWAMP SWAMP HDWTR SWAMP
HDWTR HDWTR HDWTR
PINE FLT PINE FLT
EST SS EST SS
GROUP 2 PLANTN PLANTN SWAMP PLANTN
HDWDFLT EST SS EST FOR HDWDFLT
EST FOR HDWDFLT PINE FLT EST FOR
EST SS
GROUP 3 N/A PINE FLT PLANTN N/A
EST FOR HDWDFLT
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HIGH
VALUE

ALL

Swamp
Hdwtr
X=10.35

MEDIUM Mar for

VALUE

LOW
VALUE

Hdwd flt
Est for
Est ss
X=8.60

Pocosn
Plantn
Pine flt
Fw mar
X=7.47

Appendix B (cont.)

FLATS/DEPRESSIONAL DATASET

FUNCTIONAL VALUE SUMMARY

TABLE 8

(with Mean indicator scores shown)

HYDROLOGY

Swamp
X=7.67

Mar for
Hdwd flt
Hdwtr
Pososn
Fw mar
Est ss
Est for
X=6.32

Plantn
Pine flt
X=5.63
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WATER QUALITY

Swamp
Pocosin
Hdwtr
X=10.71

Fw mar
Est ss
X=8.06

Pine flt
Hdwd flt
Mar for
Est for
Plantn
X=7.70

HABITAT

Swamp
Hdwd f1lt
Est for
Est ss
Mar for
Hdwtr
X=12.21

Pocosn
Pine flt
X=9.41

Plantn
Fw mar
X=6.46




Appendix B (cont.)

TABLE 9
RIVERINE DATA

FUNCTIONAL VALUE SUMMARY
(with Mean indicator scores)

ALL HYDROLOGY WATER QUALITY HABITAT
HIGH Blh Blh Swamp Blh
VALUE Swamp Swamp Est for Swamp
Hdwtr Hdwtr Pine flt Hdwtr
Pine flt X=9.75 Est ss Pine flt
Est ss X=10.05 Est ss
X=10.22 X=11.46
MEDIUM Plantn Plantn Blh Plantn
VALUE Hdwdflt Est ss Hdwtr Hdwdflt
Est for Hdwdflt X=9.63 Est for
X=8.13 Pine flt X=6.35
Est for
X=8.68
LOW Plantn
VALUE Hdwdflt
X=9.03
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