ABSTRACT

FERNANDEMAARKBLADIMIRCField Evaluation of Restored Streams and Wetlands in
North CarolinausingBiological Indices and Rapid Assessme(itader the direction obr.
Michael R. Burchell, Il and Dr. Gregory Jennings

Restoringstreams andwdt  yRa Aa | ONRGAOFE LI NI 2F |
ecosystems. Evaluating both the natufiae., not created or restoredg@cosystem that will

be impacted and the restoration ecosystem that mitigatesurredlosses are necessary

steps towad preventing a net loss in ecosystem functions. Ecological assessments are the
tools that allow agencies and ecologists to objectively evaluate both natural and restored
ecosystemsThe North Carolina Stream Assessment Method (NCSAM) and the North
Carolira Wetland Assessment Method (NCWAMre recently developedrapid
assessmentthat use conditional computer programming.g.,IFTHEN statements) to
produce an overall site rating as well as a hydrology, water quality, and habitat function
ratings. Rapidassessment methods that require less time in the field can help mitigation

agencies better manage any increases in workload.

Sixtythree restored perennial streams throughout North Carolina were evaluated using
benthic macroinvertebrates, NCSAM, and wabted impervious area percentaggased on
the results of this study, NCSANMdrology ratings accurately assessed geomorphological
parameters of concern such as bank stability and sedimentation, while NQSBiMt
ratings accurately evaluated the conditiof the instream substrate and habitat. The

accuracy of NCSAMater quality was questioned due to the lack of negative correlation



with watershed impervious area. NCSAdsbitat ratings correlated most strongly with
scores from the benthic macroinvertelimassessment performed in ripple areas within the
reach. An increase in the weighting of NCSAdWitat at the expense of NCSANater

guality may produce a more robust NCSAbWerall rating.

Unexpecedly, macroinvertebrate scores @bastal Plainestoredstreamsindicateda minor
yet statistically significant improvement at high levels of imperviousness (>15%). We
attributed this unexpected finding to an increase in engineered halpgaj., log cross
vanes)in response to urban lateral constrain&/hilethe addition of instream structures
was linked to an increase in certain intolerant macroinvertebrate taxa scores in Coastal
Plainsitesin this study, observed benefits to the benthic community were relatively small

and do not constitute a panacea forelsoOl £ £ SR adzNB Iy &aiGNBIFY a&yRN.

Thirty restored wetlands across North Carolina were evaluated asenGISbhased Land
Development Index (LDI), three floristic indicebe Vegetation Index of Biotic Integrity
(VIBI), the Adjusted Floristic Qualitys@ssment Index (AFQ#ndthe Floristic Assessment
Quotient for Wetlands (FAQWaet)and two rapid assessmentsthe OhioRapid

Assessment Method (ORAM) and NCW AMristic indices and rapid assessment scores
were not significantly different among mitigatigmmoviders. However, permittee
responsible sites received significantly higher LDI scores tHauifee am mitigation bank
sites. Also, ies dominated byherbaceousegetation received significantly higher VIBI and

FAQWet scores than sites dominateglwoody vegetation.



The correlations among thevetlandassessmentwere low and not significant, witlone

exception ORAM ando a lesser extenNCWAM assessment ratings correlated most

strongly with FAQWet scoreBAQWet scoreacorporate the wetland @nt indicator status

(i.e., obligate, facultative, etc.) and therefore aepresentative othe overall site
hydrology.Thesecorrelatiorsindicate thatORAM and to a lesser extent NCWAM accurately

SOl ftdza 6§SR KS 4SiGf I yRQa& at&siteRiydology Ts&riticaldcithiel 6 f A & K

formation of hydric soils andydrophytic vegetation.

ORAM, NCWAM, and the Wetland Tiered Aquatic Life Uses (WTALU, derived from VIBI
scores) each rated a majority of the wetlands as medium or higher quaittyonly two
sitesreceivinglow qualityratingamongthoseassessmentsl hecorrelations with FAQWet
scores, as well as the general agreement with the WTALU ratings, stigaetgtermining
success or failure @ restored wetland can be performed adequatelyngsORAM or
NCWAM with the more resourcéntensivefloristicassessmerstreserved for questionable

sites.
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Chapter 1 Introduction

Ecological Value of Wetldr and Streams

Stream and wetland ecosystems provide people with vital ecological services such as

supplying food and water, regulating climate and flooding, fostering recreational and

educational activities, and supporting nutrient cycling and plant pobidn. All of these
SO2t23A0Ff aSNIBAOSA O2YyGNROGdziS G261 NR KdzYl y A

social interactions (Millennium, 2005).

Wetland ecosystem services have been conservatively estimated at $3.4 billion worldwide
based on data frm 630,000 krhof wetlands (Schuyt and Brander, 2004). When
extrapolated to the global estimate of 12.8 million kof wetlands (Finlayson, 1999), the
estimated value of wetland services was $70 billion worldwide. Flood control, recreational
fishing, generbrecreation, water filtering, and biodiversity were listed as the most

economically valuable functions.

Thesemportant services, however, are lost degraded when an ecosystem is impacted.
By the mid1970, the conterminous Unites States has lost 54#safetlands, from an
estimated 870,000 kfof wetlands presettlement (Roe and Ayres, 1954)an area of
400,600 km (Tiner, 1984). North Carolina has lost 49% of its wetlands, from an estimated
44,900 kni pre-settlement (Dahl, 1990) to 23,000 kim mid-1980s (Hefner and Brown,

1985).



In recognition of the ecosystem services provided, and in response to anthropogenic

AYLI OGaz I O2yOSNISR STFF2NI (G2 aNBadz2NB IyR
AYyGSaANRGe 2F GKS vy Ibéarmayosabpriofity (C18aNIVater &cgof G A y dzS a
1977, 33 USC § 1251).2000, the USEPA conducted a nationwide assessment on the

condition of U.S. streams, applying the Wadeable Stream Assessme07®,950 knof

natural (i.e., not restored)streams (USEP2006).(A similar assessment of U.S. wetlands

has been completed, with the report to be published in 2013 (USEPA, 2011a).

Macroinvertebrate biological indicators that respond to changes in water quality were used

to rate a stream as good, fair, or podstressors such as nitrogen, phosphorus, salinity,

acidification, sediment, riparian vegetation cover, and riparian disturbances were also

measured. Nationally, 51% of stream length rated poor, 25% fair, and 28% good. North

Carolina, which spannedtwo of$h & (1 dzZR@ Qa NBXIA 2y ax LISNF2NXSR &
stream length rated poor, 20% to 29% fair, and 18% to 29% good. North Carolina streams

with poor sedimentation ratings were over two times more likely to receive a poor
macroinvertebrate conditiony  { Ay 3 aSRAYSyYy (il A2y GKS 3ANBI (S:
macroinvertebrate community. Excess streambed sediment may stem from either bank

erosion due to clearcut buffers or upstream erosion from poorly managed land

development activitiesLike wetlan@, more work must be done before a majority of the

streams in the U.S. can be considered healthy, functional ecosystems.



CompensatorMitigation of Sreams andWetlands

Allowable disturbancesf streams or wetlands are restricted as part of the Clean \WAtd.
Before any impairment to these ecosystems is allowed, developers must obtain a Section
404 permit from the United States Army Corps of Engineers (USACE) or other designated
agency by demonstrating that avoidable impacts to the given ecosystemotvdiccur and

all unavoidable impacts will be minimized and compensated (USEPA, P04.2).
compensation of these unavoidable impacts against streams and wetlands is known as

compensatory mitigation.

Compensatory mitigation can be through the creation oksv ecosystem, restoration of a
prior-converted ecosystem , enhancement of an existing ecosystem, or preservation of an
existing ecosystem. Mitigation ratios determine the area of the mitigation wetland that
satisfies the requirements. For example, if tih@igation ratio is 2:1 for restored wetlands
and 10:1 for preservation, a developer may either restore two hectares of wetland or
preserve 10 hectares of existing wetland for each hectare of wetland that is impacted.
Mitigation options are similar for imgrted streams, with mitigation credits measured in

linear units.

The developer may satisfy mitigation requirements through one of three different
mechanisms: 1) restore their own ecosystem (permitegponsible), 2) pay a fee to a state
agency (idieu fee), or 3) purchase mitigation credits from a mitigation bank (USEPA, 2012).

A mitigation bank is a private company that preserves, enhances, restores, or creates



ecosystems in exchange for mitigation credits issued by a government agency. After a
prescribel monitoring period (typically five to seven years), an agency awards the bank
mitigation credits based on the successful portion of a project. These mitigation credits are
then bought bydeveloperdo satisfy their mitigation requirementsherefore a migation

site exists before an ecosystem is impacted. With thkein fee program, monies are paid

into a fund for future ecosystem improvements. Therefore, the mitigationisitreated

after the ecosystem is impacted.

Compensatory mitigation has becoradarge industry across the U.S. and especially within
the southeast. Based on USACE data, 86 */okmvetlands impacted under Section 404
were compensated with 176.2 Kmof mitigation wetlands, producing a national average of
2.03 mitigation ha for eacimpacted hectare of wetland (Martin et al., 200&)a cost of
$195,700 per ha (ELI, 200The USACE South Atlantic division (North Carolina, South
Carolina, Georgia, Alabama, Florida, and half of Mississippi) accounted for 23.7% of the
permits, more tharany other division. Stream restoration has also become common, with
over 1 billion dollars annually sperestoring streams nationwide between 1990 and 2003

(Bernhardt et al., 200).

Evaluating Succes$ Mitigation Projects Needs and Challenges

Thegendld £ 321 f 2F SO2t23A0f NBaAG2NI A2y Aa
functions. The increase or-+establishment of native flora and fauna is generally seen as an

important step toward dull ecological recovery. For stream restoration, howeike
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condition. Urbanization the increase of impervious area percentageas been linked to
degradedchannelmorphology and biota in natural streams (Schueler, 1994 sWa&005).
Recent studies suggest that urbanization negatively affects biota in restored streams as
well. A North Carolinatudyof threetypesof streamg urban degraded (nomestored),
urban restored, and forested (nerestored) streams found no signifiant differences
between urban degraded and urban restorstgams(Violin et al. 2011) Forestedstreams,
however, had a significantly healthieracroinvertebrateandexthan urban degraded or
restored sites. Agriculturally impaired watersheds have alsavatto limit the potential for

biological upliftin stream restoratios (Hughes et al., 2010)

Factors upstream of theestored reaclmayalsoconstrainbiological upliftpotential. A

study of stream restorations in Germany found that benthic macroin\eet re-

colonization was controlled by the upstream species pool located within 5 km from the
restored reach (Sundermann et al., 2011). Restoration projects located downstream of a
diverse, taxaich stream corridor performed better ilevel 3macroinverebrate indexes

than those located downstream of a more biologically degraded reach, despite 87% of the
sampled streams listing increased instream habitat heteroggrastan explicit goal.
Anotherstudy noted that only two out of 78 stream restoration peojs reported a

significant increase in macroinvertebrate indices postruction, despite increases in

habitat diversity throughout all projects (Palmer et al., 2010).
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Findings such as these, where ttegovery of & 1 NS YQ&a o0A20GA ObyO2YYdzy A U
factors outside of theestoredreach, support the stream functions pyramid framework
RSOSt2LISR o0& I FNXYIY SO fd SHAaMHOD ! yIf 232 dz3
framework suggests that complete biological uplift cannot be achieved until therlyig

tiers of hydrology, hydraulics, geomorphology, and physiochemical functions are restored. If

we assume the valley and watershedale factors to be fixadwhich is not the case where

increased development is taking placthen hydraulics and geomorplagy are reackscale

functions that can be addressed through stream restoration. Hydrology, physiochemical,

and biological functions, however, must be addressed at the watershed scale and thus

would not be rehabilitated via channel restoration alone.

Inweli f F YR NBAG2NI GA2YyS>S (GKS Yz2ad AYLRNIFYyd RSa&j
KeRNRf23&8 NAIKGE 6aAlaoOKZ HnnclO® 2 KAES LINR LIS
disturbance hydrology alone has shown to be inadequate for certain wetland tgpesch

equilibrium with reference condition$:or example,én restored prairie pothole wetlands

surveyed three years posbnstruction had significantly fewer vegetation species (both

growing and within the seed bank) than 10 adjacent natural sités a similar

hydroperiod Only emergent species richness was similar between the two groups

(Galatowitsch and van dé&falk, 1996). The authors suggest that active revegetatias

opposed to simply more tima is required for a noremergentrestored wetland



(dominated by shrub or tree vegetatiot) be considered structurbl successful within the

typical mitigation monitoring timeframe.

Inlieu of active revegetation as a way to increase restoration success, the addition of coarse
woody debris (CWD3oil organic matter SOM), and microtopography were tested against
control sites (all wetlands werereated or restorefifor their effects on macroinvertebrate

and vegetation communitiefAlsfeld et al., 2009¥bligate plant richness increased in sites

with addedmicrotopography, and the number of insectidies increased with added CWD.
Also, btal, native, and facultative plant richness values were higheites sith added

organic matter.The authors note that SOM content in wetlands has been positively
correlated with waterholding capacity and microbial biomass. Even with the addition of
SOM, theaverageSOM percentagat the treatment sitesvas low (3%). Mitsch and

Gosselink (200Gtated that 5% SOM was indicative of wetland hydrologic conditions, with

natural organic soilvetlandscontaining 20; 30% SOM (Mitsch and Gosselink, 1993).

Even withactive revegetation othe addition ofsoil amendmentsit will take time forthe
restored wetland to reach functional equivalency with a reference wetldi queson of

how much time has been debatefiwenty years has been suggested for emergent wetlands
to reach functional equilibrium (Mitsch and Wilson, 1996), but few studiesreated or
restoredwetlands older than 20 years have been published. A study géabold created
depressional wetlands reported that while an annual to perennial transition was observed,

only one out of the top 10 species based on importance value was a woody perennial



(Atkinson et al., 2005). Based on these findings, the authorsestitjtat succession from an
emergent to shrub vegetation was not likely to naturally occur within a 20 year period.
Another study (Hoeltje and Cole, 2009) compared both 12 year old and 1 year old created
wetlands to a reference site using the HGM functioassessment (Brinson, 1993). Both old
and newly created wetlands received significantly different scores than the reference
wetland. A study of tidal marshe®storation projectsuggests that a-80 year timeframe
would only be sufficient for lovetressemergent wetlands such as cattail marshes to reach

equilibrium with natural sites (Zedler and Callaway, 1999).

Implicit in many discussions concerning the tifreame required to reach equivalence is the
assumption that aestoredwetland monotonically apmaches a reference state. While
such an assumption may be valid and helpful when viewing the aggregate of all of a
gSGfIFIYRQA FdzyQlA2y> | Y2y2(2y A0 TFodianess 2 NJ
of a wetland. As an example, a survey of fivegted or restoredwetlands ranging from 3 to
18 years found that older wetlangrojects had lower species richness drldristicQuality
Assessment Index (FQAtpres than the younger sites (Stefanik and Mitsch, 2012). The

I dzil K2 NE OA (i SR te#istubéricd h@ubthesis/(i90Z8)MIBCR didtes that
diversity is unimodal rather than monotonically distributed across a disturbance gradient.
That isrestoredwetlands have lowegetationdiversity at creatiom a time of high
disturbance followed by incrasing diversity, peaking around 4 to 7 years old in Stefanik
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matures, coinciding with low disturbance levels. The authors note that the typical
monitoring period of fivgyears would reflect an ecosystem at a diversity level that may not
be representative of its equilibrium state, and instead recommend a monitoring timeframe

of at least 10 years.

Another study also found diversity had significantly decreased over tinsedoan a repeat
survey of the same wetlands 12 years after the initial survey (Nedland et al., 2007). Obligate
and facultative wet species richness, however, significantly increased. Despite this
indication of vegetation maturation, no significant changesvaterfowl observations or

anuran {.e.,frog and toad) abundance wabserved

In addition to determining an appropriate tirffeame for functional equivalence,
RSGOSNN¥AYAYT (GKS KeLRUOGKSGAOFIT LI GKgle t0SGsSSy
thS ¢St I y RQiaalsd ofinter&st(seBebld and Callaway, 1999, for a concise

overviewof competing wetland trajectory models). Trajectory theory notes that the final

state of arestored wetlandmay not beequivalent toa natural system, but insad may

stabilize at an alternative statéat is inferior toa targeed reference site. A study df2

year oldtidal marshrestorations noted that thewetlandsoils may never achievanctional

equivalence, as measured levels of organic matter was petito peak at only 73% of ¢h

LI A NBR Yy I { dzNJZédlenahd\CRIIEWAE 19p9S @St & 0



ExistinogFramework for Ecological Assessments

While individuaparameterdike organic mattehavebeenused to compare a restored
ecosystem to a natural sitsummaizinga complex ecosystem with singlevariable or
speciesvould likely be inadequateTherefore, ecolagal assessments that measure

multiple parameters or species have been develogedesponse to the abundance of
ecological assessments to choosarr@eeBartoldus 1999 for a summary of 40 wetland
assessmentseeFennessy et a(2007) for a comparison 06 wetland assessmentsBrooks

et al. (2004) proposed categorizing ecological assessments into three levels based on the
scale used to assessetBite. Level 1 (regional scale) assessments use Geographic
Information System (GIS) software to perform watershed delineation, land cover analysis,
topographic analysis, and hydrologic calculations. Level 1 assessments are completed within
the office usiig available satellite imagery, digital elevation models (DEM), and land use
rasters.Level 1 assessments are performed in the offidee watershed impervious area
percentage (Schueler, 1994) and the Landscape Development Index (LDI; Brown and Viva,
2005)are examples of level 1 assessments. Level 2 (field scale) assegsmalentknown as
rapid assessment methods or RAMare qualitative evaluations of habitat anbtential
stressorsLevel 2 assessments grerformed in the field. Level 3 (macro smallerscale)
assessments are more intense thianel 2 assessmentsequire trained ecologists, and

often include posfiield work such as unknown taxa identification or laboratory soil and

10



water sample analyse&dentifyingbenthic macroinvertebratéaxaor floristic speciesre

examples of level 3 assessments.

Because level 3 biotic assessments have long been used in ecological studies (Tarzwell and
Gaufin, 1953), they are often used to calibrate or evaluate the efficacy of level 2
assessments (Hughes et al1P). However, one drawback of level 3 assessments is that the
results must be spatially extrapolated across a site. For example, results from a sampling of
a 500 nf vegetation plot may be extrapolated to represent the entire wetland

encompassing multiplegsiare kilometersSelecting plots that are representative of the

entire site will help maximizthe validity of the assessmenAssessing the entire site would
properly account for any heterogeneity present in the site, but this is often times not
feasiblefor level 3 assessments. Also, since species diversity and richness are known to
increase as the assessment area increases, a fixed sampling area allows level 3 assessment
results to be comparable across sit8patial extrapolation of results is lessagbroblem for

level 2 assessments, as RAM protocols typically require all or most of the site to be walked
before the evaluation begins. Level 1 assessmestlts are not implicitly spatially

extrapolated, as many level 1 assessmaaluate the entireecosystenplus adjacent land

that may not be part of theite (e.g.,upland) While level 1 assessments typically assess

areas larger than level 2 or level 3 assessmeéhés|evel of detaili.e.,data resolution)s

lower.
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The higher cost and time commment of a level 3 assessment may also limit the number of
repeat visits. Most natural ecosystems situated away from ongoing land development are
ecologically stable; therefore repeated ecological evaluations are unlikely to produce
additional information.The vegetation or soils of magpung restoration projects,

however, has not structurally maturedRepeated evaluations over time would allow
agencies to better gauge if a restoration sit@msthe proper trajectory towarahatural

reference conditionsor if it will meetdefined mitigation success criteria.

Many level Zassessmentare comprehensive in thdaheir questions concerbiotic and

abiotic ecosystem components.i NB I Y w! a YSGUNARO& GeLAOITf (e
baseflow levels, channel substratfjannel habitat, bedform sequence, bank stability,
floodplain access, buffer width, buffer vegetation structure, and sinuosity (Barbour et al.,
1999; NRCS, 1998). This is in contrast to a level 3 stream assessment that only surveys the
benthic macroinverbrate community. Wetland RAM metrics typically cover the three
defining wetland criteria hydrology, hydric soils, and hydrophytic vegetatiowhile also
assessing adjacent land use (Mack, 2001). For many wetland RAMs, however, questions
related to hydric eil are minimally developed (Fennessy et al., 2007). A level 3 floristic
wetlandassessment, in contrast, does not directly assess hydric soil field indicators or water
table levels, though it may be assumed that the sampled plants directly respond soithe

and water conditions present. The presence/absence of potential stressors is typically noted

Oz

for RAMs (Mack, 2001; NCSFAT, 2011, NCWFAT, 2010, USEPA, 2011b). Level 3 assessments

12



typically do not ask general questions about stressors, but instead meaytify evidence of

stressorghrough the identification ofnvasive or tolerant species.

A level 2assessmentnetric may be a qualitative versioof alevel 3 metric. For example, a
AGNBlFYQa NAFTFES &adzoald NI GS YI edeimaRAR SKiI@al SR | &
level 3 assessment may require the median diameter value obtained from a pebble count
(Wolman, 1954). Level 2 assessments may also use surrogate metrics to evaluate

parameters of interest that cannot be assessed visually. For examieleele8 stream

assessment may require a chemical analysis of groundwater samples taken along a transect
perpendicular to the stream to determine if nitrogen reduction is taking place, while a level

2 assessment may assume that a wider riparian buffer mibine mature vegetation can

reduce more nitrogen than a narrow or barren buffer, and therefore only require the
0dzZFFSNRa 6AROK YR @S3aSaladAazy aidNHz2Gdz2NE G2 6
may not always be valid. In the previous example, ttesence of riparian ditches

perpendicular to the stream would shecircuit the overland flow, reducing the amount of
infiltration and denitrification. A level 2 riparian assessment protocol that does not ask

whether there are ditches within the buffer maybsequently oveestimate the amount of

denitrification.

Even with the multievel ecological assessment framework, selecting an assessment can be
difficult. An investigatomay default tousing federal ecological assessmeihst these

assessments magontainlj dzZSadA2ya GKFG FNB y20 | LI AOFo6fS
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level ecological assessments should adequately address regional idiosyncrasies, but not

every state has developed stream or wetland assessmamsssessment that focusses on
oneparticle facet of the ecosysteme.g.,vegetation successianY't € FA G GKS Ay @S3
needs for a given research project, but may be too narrow in scope to apply routinely to

sites outside of the studyQuestions to ask when selecting an appropriate ecoldgica

assessment should include 1) does this assessment help answer previously defined

questions of intereste.g.,d 52 S& (GKA&a NBalG2NI GA2Yy &dzLlL}2 NI | €
adequate resources to perform this level of assessment the required number of times

(assuming repeated measures are required), and 3) has this assessment previously been

used within the region, or are the results of this assessment comparable to other

assessments previously used within the region.

Federal and StatEcological Assessment

Level 3 intic assessments, also termed index of biological integrity (IBI), have long been
used toevaluateecosysters. For streams, benthic macroinvertebrates such as
ephemeroptera, plecoptera, and trichoptera (EPT tapayeas biological indicatorsf

water quality (Tarzwell and Gaufin, 1953). Macroinvertebrate assessments are also more
likely to reflect both long and short term water quality conditions, whereas results frem in
situ water quality samples analyzed with a probe or in the laboratory ondy reflect the

short term water quality status (NCDENR, 2012).
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For wetlands, floristic biotic indicators are commonly used. Hydrophytic vegetation is
readily assessed and does not require the installation of monitoring wells. Also, because
vegetation § a product of the soil and hydrologic conditions, floristic assessments are
thought by some to capture all three jurisdictional criteria of a wetland. Traditional floristic
metrics such as richness, diversity, and evenness are commonly ecological wegetati
metrics. However, more recently developed floristic indiesel 3 assessmentsiich as

the Vegetative Index of Biological Integrity (VIBI; Mack, 2004), the Floristic Quality
Assessment Index (FQAI; Andreas et al., 2004), the Adjusted Floristiy @aaéissment

Index (AFQI; Miller and Wardrop, 2006) and the Floristic Assessment Quotient for Wetlands

(FAQWet; Ervin et al., 2006) have increasingly been used to assess wetlands.

FQAI, AQFI, and FAQWet indices can each be viewed as weighted richrress F@RAI

a I aLlsorsaq 2STFTAOASY(H 2F O2yaSNBIFGAAY
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regionally assigned by botanists. C values do not take a spectgsoratireatened status

into account. AFQI is a modified version of FQAI that also relies on C values. AFQI has been
aK2gy 0SS tSaa FTTFSOUGUSR o0& | aAaiusSQa ylraaAgsS alL

2006). FAQWet uses wetness coefficients basethemational wetland indicator

categories are used as the weighting factbalflel.1).
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Tablel.1l. Wetland indicator statuandcorresponding wetness coefficieErvin et al, 2006).

Wetness

Indicator Status Coefficient
OBL +5
FACW+ +4
FACW +3
FACW +2
FAC+ +1
FAC 0
FAC -1
FACU+ -2
FACU -3
FACU -4
UPL -5

OBL=0Obligate (>99%); FACW=Facultati
Wetland (6799%); FAC=Facultative {3«
66%); FACU=Facultative UplaneB8Po);
UPL=UJand (<1%). Range of probabilit
of occurrence in wetlands denoted in
parentheses.

VIBI scores are theoretically more robust than AFQI or FAQWet scores in that they are a
summation of 10 floristic metrics, with assigned values for each of these metrigsg
from 0 to 10. The specific metrics usdblel.2) are determined by the dominant wetland

vegetation (emergent, shrub, or forested; Cowardin et al., 1979).
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Tablel.2. Metrics forcalculating VIBI scores, by dominant vegetation (adapted from Mack,.2004)

VIBtemergent VIBtshrub VIBHorested
Carex Carex -
Dicot, native Dicot, native -

Shrub, native, wetlanc Shrub, native, wetland -
Hydrophyte, native  Hydrophyte, native -
Anrual:Perennial ratio -

FQAI FQAI FQAI
% Tolerant % Tolerant % Tolerant
% Sensitive % Sensitive % Sensitive

% Invasive graminoid: - -

% Unvegetated - -
- - Shade
- Seedless vascular plan Seedless vascular plan
- - % Hydrophyte

- % Bryophyte %Bryophyte

- - Pole timber density
- Subcanopy IV Subcanopy IV

- - Canopy IV

Level Zecologicahssessments have also been developed for use by federal and state
agenciesFor streams, the USEPA has created the Rapid Bioassessment Protocols (RBP;
Barbaur et al., 1999), and the U.S. Department of Agricultbatural Resources

Conservation Service (NRCS) has created the Stream Visual Assessment Protocol (SVAP;
NRCS, 1998). StateS @St a i NBIF Y | aasSaavySyda adzOK I a
Index (QHEI; OHEPA, 2006) and the North Carolina Stream Assessment Method (NCSAM;
NCSFAT, 2011) have also been created to better account for regional variation in
topography, geology, ecology, and precipitation. For wetlands, the USEPA has created the

USA Rapli Assessment Method (US®AM; USEPA, 2011b), and the USACE has adopted the
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hydrogeomorphic classification method (HGM; Brinson, 1993). $tatd wetland
assessments include the Ohio Rapid Assessment Method (ORAM; Mack, 2001) and the

North Carolina Wetlath Assessment Method (NCWAM; NCWFAT, 2010).

Ecological Restoration in North Carolina

Historically, North Carolina has lost approximately 21,900(k8%%) of wetlands, from an
estimated 44,900 kfpre-settlement (Dahl, 1990) to 23,000 kim mid-1980s (Hefar and
Brown, 1985)In addition to a Section 404 permit, a Section 401 certification issued through
the North Carolina Division of Water Quality (NCDWQ) may also be required when a
jurisdictional wetland is impacted. A Section 401 certificatsmequired for non

jurisdictional or isolated wetlanompacts (North Carolina Administrative Cod&A NCAC

2H .0500. Adeveloperwho disturbs a stream or wetlanaay satisfy mitigation
requirements through one of three different mechanisms: 1) restore their ovosgstem
(permiteeresponsible), 2) purchase mitigation credits from a mitigation hamk3)pay a

fee to a sate agency (idieu fee)(USEPA, 201)lorth Carolina offers itieu fee mitigation

of disturbed ecosystems through thlecosystem Enhancementdgram(NCEEP). A schedule

of NCEEP fees is listedTiablel.3.
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Tablel.3. North Carolina Ecosystem Enhancement PrograGHEP)
mitigation fee scheduleadapted from NCDENR, 2013)

Fee(USDper Credit
Mitigation Category Credit Unit Standard Fee I A3 KSNJ
Riparian Buffer square foot 1.02 1.02
Stream linear foot 28300 374.00
Nonriparian Wetland acre 25416.00 49,423.00
Riparian Wetland acre 38,730.00 68,502.00
Coastal Wetlad acre 168510.00 168510.00

W aAlGAILGA2y 2F SO2aeaidtsSvya GKFG | NE
Carolina are charged a higher rate due to restoration challenges from
urban constraints, igher land costs, and limited restoration opportunities.
Fees for wetlandsare calculated in increments of 0.25 aceesl adjusted
annually.

Successfully mitigating this loss of wetland habitat has not always been the case, as North
Carolina wetland mitigation success rates in themicdbpn Q& 6 SNB dut offfides H /g
sites successful) and 42% (10 out of 24 sites successful) based on two independent studies
(see Hill et al., 2013; Pfeifer and Kaiser, 1995; respectively). No reported North Carolina

stream mitigation success rates during a similar time penecde found (Hill et al., 2013).

A recent, comprehensive overview of both stream and wetland mitigation projects across
b2NIK /IFNREAYl NBLZ2NISR YIN]JSR AYLNROSYSyla
et al. (2013) assessed 79 stream and 83 wetlaitigation projects (183,000 m and 8,000
ha, respectively) and reported a success rate of 74% (SE=4%) and 70% (SE=3%) for
mitigation streams and wetlands, respectively, based on site component counts. Similar

success rates based on project size of streand wetlands (75% (SE=6%) and 64%
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(SE=4%), respectively) were observed. Significant differences were observed across
ecoregions, with Mountain wetland success rates (by area) significantly lower than
Piedmont and Coastal Plain sites, and Piedmont streacoess rates (by length) were
significantly lower than Coastal Plain sites. Significant differences across mitigation provider
were not observed based on wetland or stream project counts. However, permitee
responsible wetland mitigation sites did havsignificantly higher success rate than North

Carolina Department of Transportation (NCDOT) sites, by area.

Objectives

The objective of thistudyis toevaluate two newecological assessmentsthe context of
ecological restorations.HE North CarolinatB2am Assessment Method (NCSAM; NCSFAT,
2011) and North Carolina Wetland Assesstridathod (NCWAM; NCWFAT, 2010) were
developed by the US Army Corps of Engineers, The North Cdbaliiseon of Water Quality,

and the North Carafia Department of Transport@an. NCSAM and NCWAM are rapid
assessmentthat use conditional computer programming.g.,IFTHEN statements

calculated via a macrenabled spreadsheet) to produce an overall site rating as well as a
hydrology, water quality, and habitat function ratm@pecificallythis study will compare

NCSAM and NCWAMsultsagainst existing level 1 and level 3 assessment methods. While
both NCSAM and NCWAM were extensively calibrated across a range of natural ecosystems,

a study on how NCSAM and NCWAM evaluastared ecosystems across the state has not
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been published (see Burton, 2008, for an evaluation of Coastal Plain mitigation sites using

NCWAM,; see Steele, 2013, for an evaluation of natural headwater wetlands using NCWAM).

This research project is dividauto two parts: streams and wetlands. Specific objectives for
the streamrestorationportion (Chapter 2)nclude 1) quantify how well an intensive benthic
macroinvertebrate assessment (level 3 assessment) results are modeled by NCSAM (level 2
assessment)cdres and 2) compare how watershed impervious area percentage (level 1
assessment) and ecoregion affect both the macroinvertebrate and the NCSAM scores,
respectively. Modeling both the rapid and intense assessments against these two

watershedscale varialds determinel if the two assessments respond similarly.

Specific objectives fahe wetlandrestorationportion (Chapter 3)nclude 1) describe the
current state of wetland restoratiom North Carolinaacross mitigation provider)

compare the resultsrmong floristic indices, ORAM, and NCWAM using correlation and
constrained correspondence analysis (CCA) ordination, and 3) determine the relationships
between various environmental parameters and a-@dSed land disturbance index with

the floristic indics, ORAM, and NCWAM scores.

No known North Carolina study has applted variety ofecological assessments to only
restored ecosystems.eRults from this study will provide insight into how NCSAM and
NCWAM evaluate restoration sites, and htheir results comparewith other assessments.

This information can be used to guide any future revisions to the rating algorithms used by
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these assessmentBifferences found among level 1, level 2, anekle3 ecological
assessmentsan be used by agencies to betticidewhichlevel of assessment is
appropriatefor a givenmitigation project or monitoring programRResults from analyses
that look at subsets of restoratiomsby ecoregion or by dominant vegetatiomwill impress
the need to perform focused analyses thding@nate potentially confounding variables.
Finally,noted areas for improvement in th@esign andconstruction process will help future

restoration projects be successful.
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Chapter 2:FieldEvaluation ofRestored Streams Usirtge North CarolinaStream

Assessment MethodMacroinvertebrates and Impervious Area
Abstract

Stream restoration is a popular and sotinees mandated methoaf improving our

waterways. Texpedite stream evaluation, various federal and state rapid habitat
assessments requiring less time and effort than traditional benthic macroinvertebrate
assessments have been applied by resource managers. The North Carolina Stream
Assessment Method (NCBAis a rapid habitat assessment that uses conditional computer
programming €.9.,IFTHEN statements) to produce hierarchical tiers of ratings in addition
to an overall score. We surveyed 63 restored, perennial streams throughout North Carolina
to evaluae the correlation in results between NCSAM and a benthic macroinvertebrate
assessment. The correlation between the NCSAM overall rating and the macroinvertebrate
results was poor (R= 0.01 to 0.17) but greatly increased when all of the NCSAM output
used ly the model to produce an overall score were uset<(R.39 to 0.91). In addition,
watershed impervious area percentage and ecoregion were also used to predict both
benthic macroinvertebrate and NCSAM results. In this way, the effect these two factors
hawe on both the rapid and intensive assessment results could be compared. Overall,
NCSAM results were less affected by impervious area and ecoregion than were
macroinvertebrate results. Unexpectedly, macroinvertebrate scores in Coastal Plain sites

indicateda minor yet statistically significant improvement at high levels of imperviousness
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(>15%). We attributed this unexpected finding to an increase in engineered habitat in

response to urban lateral constraints.

Introduction

Healthy streams and their corrideare vital ecosystems that supply us with food and

water, reduce the risk of flooding, provide a venue for physical and mental exercise, sustain
ecosystem diversity, and mitigate compounds such as nitrate that are hazardous when

present in high concentrans (Millennium, 2005). In recognition of these direct and

indirect benefits, and in response to anthropogenic degradation, a concerted effort to

drestore and maintanth® KSYA OF £ = LIKe&aAOlfX FtyR oAZt23A0!I
continues to e a national priority (Clean Water Act of 1977, 33 §3€251).However, until

recently this codified goal lacked any nationwide survey to measure its progne2800

the USEnvironmental Protection Agen¢YSEPA) began to apply téadeable Stream

Assassment 01,079,950 kmof naturalstreams across the continental United States

document the current state of its rive(§ EEPA, 2006 Macroinvertebratescoreswere used

to rate a stream as good, fair, or poor. Nationally, 51% of stream length ratat P60

fair, and 28% gooth 2 NI K / | NRf Ayl 3 gKAOK alLlyySR Gg2 21
performed similarly witit0% to 51% of stream length rated poor, 20% to 29%daa,18%

to 29% good. Stressors suchrgsogen, phosphorus, salinity, acidificatisediments,
riparianvegetationcover,and riparian disturbances that affect fish habive¢re also

measured. In North Carolinthe same report identifiededimentationas thegreatestrisk
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to the macroinvertebrate community. North Carolina streams withor sedimentation
ratings were over two times more likely to receivp@or macroinvertebrate condition.
Clearly more work must be done before a majority of the streams in the U.S. can be

considered healthy, functional ecosystems.

In addition to regulatig point and norpoint source pollution, many ecologists attempt to
ameliorate stream impairment through physical restoration. Stream restoration attempts to
restore ecological functions that have been lost or degraded by improving geomorphology,
stabilizirg banks, reconnecting floodplains, diversifying bedform, and creating instream
habitat (Rosgen, 1997). Well over one billion US dollars is spent nationally each year on
stream restoration (Bernhardt et al., 2005). Along with this increase in restorattontyac

federal and state agencies have produced various stream assessments.

Chemical analyses of the water and biological assays of macroinvertebrate or fish
populations have traditionally been used to determine the quality of a stream. These types
of asgssments require additional time for laboratory processing or specialized training to
identify macroinvertebrate or fish species in the field. Recently there has been a trend
toward qualitative habitat assessments that can be performed more rapidly ardlegs
specialized training. At the federal level, the USEPA and the U.S. Department of Agriculture
Natural Resources Conservation Service (NRCS) have independently generated the Rapid
Bioassessment Protocols (RBP) and the Stream Visual AssessmentlR&Yéd),

respectively (Barbour et al., 1999; NRCS, 1998). $t&ed St | aaSaavYSyida &dzOK
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Qualitative Habitat Evaluation Index (QHEI) have also been created to better account for

regional variation inopography, geology, ecology, and precipitati@HEPA, 2006).

Researchers have sought to evaluate the effectiveness of these qualitative habitat
assessments in comparison to more robust ecological assays. In their comprehensive study,
Hughes et al. (2010) evaluated 51 streaamsoss 10 states withiagriculturaland use using

three qualitative habitat assessments and two biological assessments. Qualitative
assessments used included the previously mentioned RBP, SVAP, and QHEI. Biological
assessments included fish and macroinvertebrate assays. Udligadjve assessments
indicatedonly low to moderate correlation fetween 0.12; 0.40) with fish and
macroinvertebrate assessments. The authattsibuted the dissonance between the rapid

and biological assessment results in part to watershed degradafotential chemical

L2t fdziA2y FNBY (GKS 6F SNEKSRQa | INA Odzt  dzNJ €

A

Gradz f |aasSaayvySyida sla KeLRiIKSaEAT SR (2 o068

As previously stated, the general goal of streamrdstdrA 2y A& G2 NBAG2NB

degraded ecological functions. The potential for biological uplift, however, is constrained by

GKS AGNBIFYQa ¢ (S NAKSHe inddeast B impénaoyaea | ND I Y AT |

percentage has been linked to degraded stream mbgbogy and biota in natural streams
(Schueler1994). Recentstudiessuggesthat this biological upper threshold limit also
applies to restored streams. Violin et @011) compared four urban degraded (Ron

restored) streams, four urban restored streanasd four natural forested streams within
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North Carolina using a macroinvertebrate assessment. The study found no significant
differences between urban degraded and urban restored steams. Forested streams,
however, had a significantly healthier bioticlex when compared to bian degraded or

restored sites.

One potential reason why urban stream restorations have not shown substantial
macroinvertebrate uplift is that the upstream colonizing sources were also impaired. In
their analysis of 24 restored stes in Germany, Sundermann et al. (2011) found that
macroinvertebrate recolonization was controlled by the upstream species pool located
within 5 km from the restored reach. Restoration projects located downstream of a diverse,
taxarich stream corridor prformed better in macroinvertebrate indexes than those

located downstream of a more biologically degraded reach, despite 87% of the sampled
streams listing increased instream habitat heterogeneity as an explicit goal. These studies
support the stream funtions pyramid framework developed by Harman et al. (2012).
lylf232dza G2 al 4f260a KASNI NOKeé 2F ySSRasx (K
biological uplift cannot be achieved until the underlying tiers of hydrology, hydraulics,
geomorphology, and physioemical functions are restored. Hydraulics and geomorphology
are reachscale functions that can be addressed through stream restoration. Hydrology,
physiochemical, and biologidainctions however must be addressed at the watershed

scale andhuswould na be rehabilitatedthrough stream restoration alone
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provide the public and private sectors with an accurate, consistent, rapid, observational,

and scientifically based fieldethod to determine the level of function of streams within

b2NIK /FNREAYlIEé oOob/{C! ¢ HnmmMOd 5SPSEt2LISR 08
CarolinaDivision of Water Quality, and the North Carolina Department of Transportation,

NCSAM is a rapid hast and aquatic life assessment that uses conditional computer

programming €.9.,IFTHEN statements) to produce hierarchical sets of ratings. Questions

are qualitatively answered based on a visual assessment of the reach and buffer.

The objectives of tis study were to 1) quantify how well the intensive benthic
macroinvertebrate assessment could be modeled by the rapid assessment NCSAM and 2)
compare how watershed impervious area percentage and ecoregion affect the
macroinvertebrate and rapid habitat asssment results, respectively. As previously
mentioned, benthic macroinvertebrates respond to certain watershed factors. Modeling
both the rapid and intense assessments against these two watersbalg variables

allowed us to determine if the two assessmg respond similarly.

Methods

SiteSelectiormnd Impervious Area Calculations

Sixtythree restored streams were chosen from a population of perennial, sicigganel
restored streams across North Carolifrdg{re2.1). Ecoregions we defined using NCSAM

delineations, which follow EPA level 11l ecoregion borders for North Carolina Mountain and
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Plains. No Outer Coastal Plains streams were evaluated in this study. Sites were selected

from the North Carolina Clean Water Managemenisti=und (http://www.cwmtf.net) and

the North Carolina Ecosystem Enhancement Progtatp:(/portal.ncdenr.org/web/eep)

online databasedjased on site accessibility and access to design plans. Individual phases of

a single restoration project completed dhifferent years were treated as separate sites.

Daylighting projects when a piped section of stream is exposed to the atmosphere

through the removal of the culvertwere eliminated from the sampled population as they

lack key aspects of stream restoration.
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Figure2.1. Sampledestored streams (n=63) by development (rural versus urban) and NCSAM
ecoregions.
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Watersheds were delineated using ArcGIS 10.0 (ESRI, 2010). These boundaries were used to
clip 2006 Naonal Land Cover Database (NLCD) impervious area data-(Fkdtution Land
Characteristics Consortiurhttp://www.mrlc.gov/nlcd06_data.php. The impervious area

data consisted of 3R 30 arcsecond cells that were assigned an impervious area percentage
ranging from 0% to 100%, in increments of Matershed impervious area was calculated

as the weighted average of all the cells within the delineated watershed. For this study,
watersheds with an impervious area greater than 10% were classified as udiarels,

1994).

The NLCD has been shoterunderestimate impervious area by 1.4 + 0.4% nationwide and
3.2 10 5.5% in North Carolina (Nowak and Greenfield, 2010). The authors also found that the
rate of impervious area underestimated was proportional to #wtual amount of

impervious area present. When compared against manually delineated impervious areas
using aerial photography, NLCD impervious area values for North Carolina were
underestimated by 1.5% in forested regions, compared to 19.6% in develegaihs.

Because the NLCD is readily available for the entire continental US and is regularly updated
every five years, it could serve as a standardized and {sénng database for ecologists

who wish to incorporate impervious area into their analysesweler, its limitations in

accuracy and data resolution must be considered in the final analysis.
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NCSAM Rapid Assessment

The North Carolina Stream Assessment Method (NCSAM) is a rapid habitat and aquatic life
assessment that uses conditional computer pasgming €.g9.,IFTHEN statements) to

produce hierarchical sets of ratings. Checkbtyte questions are qualitatively answered

based on a visual assessment of the reach and buffer. Field questions concern channel
geomorphology, substrate particle size distition, floodplain accessibility and storage,
riparian buffer width and composition, channel and buffer stressors, and the presence or

absence of aquatic life such as flora, macroinvertebrates, fish, amphibians, and reptiles.

For this study, the NCSAMuatic life question was answered by referencing the

macroinvertebrate taxa list completed by a benthic ecologist. Responses to buffer questions

were visually crosshecked with Google Earth (http://www.google.com/earth) aerial

photography to ensure congency across all of the sites. Questions concerning recent

precipitation were verified with National Oceanic and Atmospheric Administration archived

maps bhttp://water.weather.gov/precip. Questions concerning drought status were

verified using archived dught maps from the brth Carolina Drought Management

Advisory Countihttp://www.ncdrought.org/archivg. The council classifies areas as having

either normal, abnormally dry, moderate drought, severe drought, extreme drought, or

exceptional droughtcondiA 2y a® b/ {! a | R2dzada F2NJ 6§KS aidNXB

considering these drought categories. NCSAM protocols do not require the identification of
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a specific reference stream. Total time spent at each restoration site to perform the

macroinvertebrate andNCSAM assessments averaged less than two hours.

Most other rapid habitat assessments determine site ratings via summation or weighted

average of the individual metric ratings.dantrast,the output ofNCSAM isalculated

using conditional algorithm=(g.,IFTHEN statements) | A f 2 NS R NCBAMsirdad a A (S
classificationNCSAM protocols classityeamsinto 29 categories based on a combination

of their ecoregion, watershed size, strediaw type, valley type, and channel typ&able

2.1). NCSAM then uses a specific rating algorithm for each stream classification, meaning

that a large mountain stream will, for example, have a different set of success criteria than a

small tidal stream. In a topographically diverse state Nketh Carolina, this use of

conditional programming has the potential to extend the applicability of an ecological

assessment.

Table2.1. Criteria (by columns) for NCSAM stream classificaona given s#, the corresponding
value from each columis selected. These five characteristics determine the NCSAM stream
classification.

Watershed Siz=

Ecoregions (kn?) Flow Type Valley Typse Channel Type:
Mountains <0.26 Perennial  Broad and Braided
Piedmont 0.26-1.3 Intermittent  flatter slope

Inner CoastaPlains 1.3-13 Tidal Confined and Not Braided
Outer Coastal Plain >13 Tidal Marsh steeper slope

The answers to the NCSAM field form are entered into a manedled spreadsheet to

produce the sit@ @@tings. The answer to each NCSAM form question can contribute to
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more than one output; thus, there is no o#te-one relationship between NCSAM questions
and NCSAM output. NCSAM ratings use the ordinal rating scale of low, medium, or high.
NCSAMbutput is hierarchically arranged into five tiers. Tier O is the overall site rating. Tier 1
(denoted by a (1)) consists of hydrology, water quality, and habitat ratings. The variables

contained within Tiers 2 through 4 are similarly denoted and are list&igure2.2.
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HC SAM Siream Rating Sheet
A panias Usar M I Varsion 1.0
Rating Calculator Verslon 1.0

Siraam Site Nama Sample Sile Dats of Evaluston Bi2/2011
Sergam Type MbZ Assess0r NamedDrgarization Qrganizalion
Mobes af Fisld Assegarmssnl Famn [YIM] MO
Presence af regulatory considerations (Y} MO
Additional slream infarmation/supplamentany maasurements induded (YN) MO
MC SAM feature type {perennial, imarmistent, tdal) Perannial
Clazs F ion Rating 5 ¥ All Bireams Intermitient
1) Hydeology MEDIUM HA
[Z) Basadow HIGH BA
12} Flood Flow MEDILM MA
[3) Sreamside Araa Atbanuation LOW BA
(4) Floodplain Acoess MEDMLM LT
i) Woodsd Ripanan Buffer LW A
(4) Microlopography MA A
[3) Strean Shabidily HIGH BA
(4) Channal Stabiity HIGH MA
(4) Sedimar Trarsport HIGH BA
(4} Stream Geomorphology HIGH B
12} Stream/ Intertidal Zone Inleractian A MA
12} Longitudinal Tidal Fiow LT MA
(2} Tidal Marsh Stream Stability MA A
[3) Tidal Massh Channal Slabilty MA MNA
[3) Tidal Marsh Siraam Geaomomhology MA MA
111 Wabar Guality HIGH MA
12} Basedow HIGH T
{2} Streamside Arsa Vegstation MEDILM A
[3) Upland Palutant Filration HIGH MA
[3) Thermesegulation Loy BA
[Z) Irsficatong of Slressces MO BA
(2]} Agpaalic Lite Talarance HIGH BA
12} Imtertical Zore Filtration MA MA
§ 1) Habital MEDIUM MA
12} Iresiraam Habitat HIGH BA
[3) Barsaficrar HIGH T
[3) Bubsirate HIGH MA
[3) Sream Stablity HIGH MA
[3) In-straam Habita HIGH MA
(2} Stream-sikle Hatilat Lo MA
[3) Sream-gide Habilas Lo A
(3 Thermregulaton Lo [T
{2} Tidal Marsh Inestream Habitat P& A
i3} Flow Resiriciion [T} BA
(@) Tidal Marsh Stream Stabdity MA MHA
(4) Tidal Marah Charmel Slablity [T MA
(4) Tidal Marah Siream Geomorphology [T
[3) Tidal Marsh Ir-slream Habilst A
{2} irderidal Zore Habital PA
Creerall MEDILIM MA

Figure2.2. NCSAM output for a sampled streahe site was neither tidal nor intermittent, hence
0KS O2NNBaLRYyRAYy3 b! @I dSad ¢ «hichcodesporidls tgad & Of |
Mountain site with a relatively steep slope and had a watershed area between 0.26 and?1..3 km
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Benthic Macroinvertebrate Intensive Assessment

The North Carolina State University Stream Restoration Evaluation benthic
macroinvertebrae assessment (NCSU, 2006) was performed to serve as a benchmark to
compare NCSAM results. Benthic macroinvertebrate sampling has long served as surrogate
water quality measurements in streams due to the fact that certainta@ecifically
ephemeroptera, pcoptera, and trichoptera (ERTare sensitive to water pollution

(Tarzwell and Gaufin, 1953). Macroinvertebrate assessments are also more likely to reflect
both long and short term water quality conditions, while results frorsitn samples

analyzed witha water quality probe or in the laboratory may only reflect the short term

water quality status (NCDENR, 2012). The benthic macroinvertebrate assessment consisted
of five metrics: abundant taxa, EPT abundance, abundant EPT taxa, indicator taxa, and
shreddes and predators. Sampling protocols followed the NCDWQ Qual 4 method
(NCDENR, 2012) and involved collecting a kicknet sample from a riffle area, a sweep net
sample from bank habitats, a leaf pack sample, and visual inspections of stable substrate
material Macroinvertebrates were identified in the field to the lowest practical taxonomic

level.

Statistical Analysis

The R statistical software package version 2.15 was used for all an&ySesg Team
2013). NCSAM results were used to predict benthic macestebrate results via general

linear regression. The macroinvertebrate results were positive skewed (not normally
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distributed) and represented count data. Therefore a Poisson distribution was considered.
However, as the variang®-mean ratios were greatr than one, a negative binomial

distribution with the canonical log link function was used (Gray, 2005). NCSAM restdts

enteredas categorical variableRsquared values reported throughout this study are

deviance explained, ordresidual_deviancef dzf f yRSPA I yOSd { G GA&AGAO!
not nested and therefore likelihood ratio tests among tier models were not performed.

Instead, theAkaike information criterioffAIC) was calculated for comparisons among

NCSAM tier models.

It became apparenin preliminary analyses that the first four benthic macroinvertebrate
metrics behaved similarly among themselves and were distinct from the shredders and
predators metric. Pearson correlations and principal component analysis biplots (results not
printed) confirmed this. Therefore, to reduce redundant plotting, the abundant EPT taxa
metric was typically used to represent the macroinvertebrate assessment in plots. As
previously mentioned, EPT benthic macroinvertebrate surveys have been shown to be good
indicators of water quality (NCDENR, 2012). Also, when compared to the other
macroinvertebrate metrics, shedders and predator scores were not very well modeled by
NCSAM results, ecoregion, or watershed impervious area. This may indicate that shedders
and predators are not as good of a surrogate water quality metric, despite being a potential

surrogate for other ecological functions not addressed in this study.
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Watershed impervious area percentage and ecoregion were used to predict benthic
macroinvertebrateresults. The shredders and predators metridicatedlittle relationship

to impervious area and ecoregion and therefore its results were not included.v@tes

first stratified by ecoregion and then modeled using regression analysis. Mountain and
Piedmontmacroinvertebrate results were modeled using a dimear, negative power
regression, which outperformed a log linear regression model in preliminary analysis based
on residual plots. Each power regression model contained a coefficient and power
parameter(e.g.,coeffimperviou§®"®). Coastal Plain macroinvertebrate scores were
observed to decrease then increase slightly as imperviousness increased, and therefore

were modeled using linear regression with linear and quadratic impervious area terms.

Waterdhed impervious area percentage and ecoregion were also used to predict NCSAM
results. Due to the large number of NCSAM outputs, only hydrology, water quality, habitat,
and instream habitat results were analyzed. NCSAM overall was not analyzed because it
had a correlation of 1.0 with NCSAM hydrology in this study. Since NCSAM results are
ordinal (low, medium, or high) they should not be modeled using ordinary least squares
regression as the response variable is not on an interval scale. Therefore, a pmoglort

odds ordinal logistic regression (POLR) was used to account for the ordinal nature of the
response variableTo increase the power of the POLR analysis, the sample was not
stratified by ecoregion. Instead, NCSAM results were modeled by impervieas ar

ecoregion, and imperviotigcoregion interaction. Models where the interaction term was
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not significant were reun using only main effects-&juared does not properly exist for

logistic regression.

Results and Discussion

Benthic Macroinvertebrate Resnses and NCSAM

NCSAM tiers with more variables (higher numbered tiers) did a better job of predicting the
benthic macroinvertebrate scores than lower numbered NCSiaM (Table2.2). The AIC
valuesindicated that even with the addkdegree of model complexity, the tier 4 models
remained the best choice. Detailed regression results for abundant EPT taxa are shown in
Table2.3. Scatterplots of the observed versus predicted scores for abundant EPT taxa are

shown n Figure2.3.

Table2.2. Rsquaredvalues (AlCIpr the five macroinvertebrate metric scores modeled by NCSAM
results by TieBSeeFigure2.2 or Table2.3 for which NCSAM output variables are included in each
NCSAM tier.

# of Abundant Shredders
NCSAM NCSAM Sample Abundant EPT EPT  Indicator &

Tier Variables Sizét Taxa Abundance Taxa Taxa Predators

Tier 0 1 63 0.05 0.01 0.01 0.08 0.17
(364.08) (568.64) (317.54) (236.72) (983.62)

Tier 1 3 63 0.38 0.17 0.27 0.32 0.24
(344.43) (562.86) (305.01) (229.74) (513.69)

Tier 2 7 62 0.52 0.61 0.65 0.58 0.28
(336.34) (518.64) (269.11) (217.47) (515.66)

. 0.59 0.67 0.71 0.72 0.28
Tiers 12 59 (330.70) (506.91) (266.91) (213.21) (505.33)

Tier 4 14 44 0.68 0.90 0.91 0.91 0.39

(250.18)  (412.38) (170.24) (137.58) (391.89)
WEFEYLXS &aAT S OFNASR RdzS (2 ab! ¢ 2dzi
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Table2.3. Chisquare valuefor abundant EPT taxa scores modeled by NCSAM ratings, by NCSAM tier (columns).

Tier 4 Results (n=44)

Tier 3 Results (n=59)

Tier 2 Results (n=62)

Tier 1 Results (n=63)

Tier 0 Results (n=63)

# of variables 14 # of variables 12 # of vaiables 7 # of variables 3 # of variables 1
R 0.91 R 0.71 R 0.65 R 0.35 R 0.01
AIC 170.24 AIC 266.91 AIC 269.11 AIC 305.01 AIC 317.54
Tl 2value TEr s 2value e 2 2value Tty L 2value TiEr 3 2value
Variables: Variables: Variables: Variables: Variable:

Base Flow 0.44 Base Flow 3.68* Base Flow 2.26
Floodplain Access 14.81%*
Wooded Riparian Streamside Area

Buffer P 6.11* Attenuation 1.87
Microtopography 8.27* Floadflow 0.54 Hydrology 0.24
Channel Stability 24 56****
Sediment Transport 6.02* Stream Stability 1.32
Stream Geomorphology 0.06
Base Flow NA Base Flow NA Base Flow NA
Upland Pollutant Upland Pollutant .

Filtration 7.0 Filtration 4.29 Stream5|d_e Area 8.85* Water Overall 0.95
Thermoregulation 24.91%** Thermoregulation 7.42*% Vegetation Quality 2.68
Indicators of Stressors 1.71 Indicators of Stressors 1.72 Indicators of Stresse 2.30
Aquatic Life Tolerance 5.38* Aguatic Life Tolerance 9.12* Aquatic Life Tolerance 21.47****
Base Flow NA Base Flow NA
Substrate - NA Substrate . 11.45% In-stream Habitat 28, 5O
Channel Stability NA Channel Stabty 11.38*+* Habitat 20 3w
In-stream Habitat 4.71* In-stream Habitat 3.72
Streamside Habitat 6.43* Streamside Habitat 0.01 . .
Thermoregulation 10.62** Thermoregulation 1.00 Streamside Habitat 6.67*

Significance denoted ap% 0.1; *p < 0.01*** p < 0.001; ****p < 0.0001, based on Géguare type Il sum of squares

"NA" denotes that the variable was a linear combination of other variables within the model (tier) and was thereforeuatsdncl
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Figure2.3. Observed versus predicted scatterplots of abundant EPT taxa scores, by NCSAM tiers.

Circles, squares, and X symbols denote Mountain, Piedmont, and Coastal Plain ecoregions,
respectively. Segable2.2 for additional malel statistics
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Only habitat was significant with abundant EPT taxa in the tier 1 modelg2.3). As

habitat and to a larger extent istream habitat (tier 2) evaluate the benthic

macroinvertebrate habitat, the significance of #eetwo outputs is evidence that NCSAM

properly evaluated macroinvertebrate habitat, and that there was a significant connection
0SU6SSY YIONRPAYDBSNISONIGS KFEoAGEFEG YR YI ONERA
overall rating appeared to be weighted magshy hydrology (the correlation between the

two variables was 1.0), little of the macroinvertebrate habitat information contained within

the habitat ratings was transferred to the overall rating. That all of the streams in this study

were restored and thexfore should have good floodplain connectivity may somehow have
O2y iUNROdziSR (G2 GKS KAIK O2NNBflI A2y 0SG6SSy
this led to poor prediction with benthic macroinvertebrates in this study=R.01 to 0.17),

the authors would expect higher-Bquared values with geomorphological assessments such

as the Bank Erosion Hazard Index (Rosgen, 2001).

NCSAM water quality was not significant with abundant EPT taxa in the tier 1 model. This
was unexpected given that EPT taxadnéong been used as water quality surrogate metrics
in streams (Tarzwell and Gaufin, 1958 DENR, 2012). However, streamside area
vegetation (from tier 2) and thermoregulation (from tiers 3 and 4) variablesth

components of NCSAM water quatityvere significant with abundant EPT taxa in their

respective models.
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In their study of 51 agriculture streams across 10 states, Hughes et al. (2010) achie¥ed an R
of 0.12 to 0.40 when using the overall ratings from the USEPA, NRCS, and Ohio EPA rapid
habitat assesments to predict macroinvertebrate results. Note that a higHerafue for

the rapid assessments in the Hughes et al. (2010) study would likely have been obtained if
each of the assessment metrics were included in the model instead of only the overall
rating, as Rsquared cannot decrease when additional predictor variables are added to the
model. ThereforeR? values between NCSAM tier 1 through tier 4 ratings and the overall

rating of other qualitative habitat assessments is not directly comparable.

The Effects of Urbanization on Macroinvertebrate Results

Differences between how the benthic macroinvertebrate and NCSAM assessments respond
to changes in ecoregion or impervious area were evaluated. The effects of ecoregion and
impervious area on the macirovertebrate results are described first. Scatterplots of select
macroinvertebrate and NCSAMsdtream habitat metrics are shown Figure2.4.

Parameter estimates for the macroinvertebrate models are listeGable2.4. The

shredders and predators metrindicatedlittle relationship to impervious area and

ecoregion and therefore its resultgere not included.
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Table2.4. Parameter estimates (standard errofey macroinvertebratescores modeled by impervious aré&ample stratified by ecoregion
in rows. Mountain and Piedmont sites were modeled using-lmear power regression; Coastal Plain sites were modeled using linear
regression with linear and quadratic imp@us area terms.

Ecoregion Term Abundant EPT Abundant Indicator
9 Taxa Abundance EPTTaxa Taxa

Mountains R2 | 0.66 0.61 0.73 0.53

(n=14) Coefficient 17.40 (1.54) 101.22 (10.10) 12.55 (1.14) 11.78 (2.31)
Power term -0.37 (0.10)** -0.33 (010)** -0.44 (0.11)** -0.66 (0.29)*

Pledmont RZ 1 053 *kkk 050 *kkk 066 *kkk 057 *kkk

(n=30) Coefficient 13.38 (1.34) 101.46 (15.65) 11.73 (1.36) 8.86 (1.43)
Power term -0.35 (0.07)**** -0.71 (0.20)** -0.85 (0.19)**** -0.99 (0.31)**

Coastal R 0.19 0.28 0.26 0.16

Plains Linear term -0.21 (0.12) -0.69 (0.48) -0.10 (0.05)* -0.043 (0.036)

(n=19) Quadratic term  0.01 (0.00) 0.032 (0.016)* 0.0037 (0.0016)* 0.001 (0.001)

Significance denoted apx 0.1; **p < 0.01; ***p < 0.001; ****p < 0.0001, ba=d on tstatistic
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Table2.5. Chisquare valuesor NCSAMatings modeled by watershed impervious area percentage and ecoregion (five left columns).
Parameter estimates (standard errors) fordineam Habitainteraction term (right column).

Water In-stream
Variables | @8RNRf2 vdzZ- €A 1 0AGLE Habitat In-streaml I 6 A G| @)
Impervious 22.29%*** 1.13 3.08* 1.69 Imp*Mnt -0.05 (0.04)
Ecoregion 5.89* 0.22 15.33*** 16.56*** Imp*Pied -0.04 (0.03)
Imp*Eco NS NS NS 8.61* Imp*Coast 0.10 (0.04)**

Significance denoteds *p < 0.1; **p < 0.01; ***p < 0.001; ****p < 0.0001, basedn Chisquare type Il sum of squares.

W ¢KS AYyidSNI OilA 2y (NSBDNYydrolbdy dvatgt Buality Zok Halyitadt, Bédpdtediédlues are from an
additive-only model

U Warameter estimates (standard errors) for the interaction term. Significance basestatistic.Effects coding was use
for ecoregiorlevels.
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Figure2.4. Scatterplots of macroinvertebrate and NCSAM restdtses watershed impervious area
percentage, by ecoregions (columnBitted lines are shown for the macroinvertebrate metrics.

ROW AEPT abundance. ROW B: Abundant EPT taxa. ROW C: Indicat&@W D: NCSAM In

stream Habitat. Macroinvertebrate threshold between poor and fair site scores are from the
macroinvertebrateassessmenprotocols (NCSU, 2006). See Table 4 and Table 5 for additional model
statistics

Watershed impervious area percege was an excellent predictor of the first four

macroinvertebrate metrics within the Mountain and Piedmont ecoregiorsgared
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values ranged from 0.53 to 0.73 for the Mountain sites and was slightly lower for the
Piedmont sites (= 0.50 to 0.66). A stip decline in macroinvertebrate scores occurred
near an impervious area value of 5%, with an apparent upper threshold for
macroinvertebrate scores when the impervious area value was abd4#eQor results
corroborate other recent stream restoration stugi€Violin et al., 2011; Sundermann et al.,
2011) thatindicatedhow urban or distressed watersheds limit the biological uplift potential
of stream projects. However, with the Piedmont sites there was a very minor increase in
EPT abundance and abundant E®<& scores at high levels of watershed imperviousness

(>30%).

In contrast, watershed impervious area percentage was a less effective predictor of the first

four macroinvertebrate metrics within the Coastal Plains, witgRared values ranging

from 0.16to 0.28. Schueler et al. (2009) noted that the effect impervious area has on a

stream was contingent upon the channel slopehis survey of 63 streams in Oregon, Cole
(2002)indicatedthat macroinvertebrate communities were significantly less diverdevin

gradient streams versus high gradient systems. High gradient streams were also more

responsive to differences in watershed land use than low gradient systems. In our study,
ecoregion was used as a surrogate for channel slope, effectively modelingrtadium,

and lowchannel slopefrom the mountainstothe coast ¢ KA & addzRé Qthe RIF G C
findings by Schueler et al. (2009) and Cole (2002) that impervious area is less effective in

predicting macroinvertebrate scores in lower gradient streawisether they are natural or
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restored. Because the terecoregionencompasses a suite of factors including channel
slope, valley shape, and dominant channel substrate, future ecological research for natural
and restored streams is needed to identify othestershed or reactscale factors that may

interact with impervious area when modeling biotic indicators.

Within the Coastal Plaimodels, the quadratianperviousterm was positive and significant
for EPT abundance and abundant EPT taxa (p=0.0597 an@p40t8spectively). This
indicated that macroinvertebrate scores initially decreased followed by an increase at high
levels of imperviousness (>15%). To our knowledge, a positive relationship between
macroinvertebrate scores and high levels of imperviassnhas not previously been
documented. As all of the surveyed streams in this study were restored, this minor yet
positive relationship observed both in the Piedmont (regnificant) and Coastal Plains
(significant) was likely a result of an increaserngineered habitat in response to urban

lateral constraints.

With stream restoration, lateral constraints such as roads, building, or utilities restrict the
width of the restored floodplain, resulting in a restored channel that is straighter and more
confined than otherwise would be. Urban sites typically have more lateral constraints than

OKSANI NUzNI £ O2dzy G SNLI NI ad {GNFAIKGSYAy3a || OK
AYONBIaAy3d GKS OKFIyyStQa af2LIS ItesRasl § SN @S¢
stream designer may include engineered additional structures such as log owveress

that would not otherwise be structurally required in projects with wider easements. In
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addition to bank stability, many engineered structures also increaséb®dand habitat
heterogeneity. This added engineered habitadyexplain the minor increase in
macroinvertebrate scores for Piedmont and Coastal Plain restored streams. We hypothesize
that this perceived benefit from engineered habitat should be more ggtible near the

coast where low elevation gradients naturally create homogenous geomorpholagyl

less discernible in the mountains where high elevation gradients naturally create habitat

heterogeneity even within urban watersheds.

The minor increase icertain macroinvertebrate scores at high levels of imperviousness was

most likely a result of an increase in available habitat and does not serve as evidence of
improved water quality, as there was no similar increase in intolerant taxa scores at high

leves of imperviousness. In spite of the apparent increase in benthic habitat, no Piedmont

2NJ /2FadGFt tflFAya AGNBIY gAGK |y AYLISNIA 2 dza
upon macroinvertebrate criteriaiigure2.4). Thereforethese observed increases in
macroinvertebrate scores in no way offset the exponentially detrimental effect impervious

area has on lotic fauna and overall stream health. Others have debated at length whether
reachscale efforts such as stream restoratioregdately address watershestale

impairment (Bernhardt and Palmer, 2011).

The Effects of Urbanization on NCSAM Results

C2NJ O2YLI NRaz2y 6AGK GKS LINBGA2dza aSO0A2yQa

hydrology, water quality, and habitat ratings weakso modeled by ecoregion and
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watershedimpervious areaBecause of its high significance with macroinvertebrate scores
(recall Table 3) and its targeted evaluation of benthic macroinvertebrate habitat, NCSAM
tier 2 instream habitat ratings were also ayaed. Satterplotsof in-stream habitat versus

impervious area are shown Figure2.4, row D.

Overall, NCSAM results were less affected by ecoregion and impervious area than were
macroinvertebrate scores. The impervious*ecoregiaeaction term was not significant
with the NCSAM tier 1 variables, so the models weraureusing only main effec@ble

2.5). The interaction term was significant in thestream habitat model, however. For
NCSAM hydrology, watghed impervious area had a very significant (p<0.0001) and
negative relationship. This negative relationship is readily explained by the reduction in
available floodplain width due to increased lateral constraints in more urbanized

watersheds.

NCSAM watequality ratings were not significantly predicted by watershed impervious area
or ecoregion. Also, impervious argalicateda positive, norsignificant effect (parameter
estimate 0.022 + 0.021, p=0.2887). The lack of significance and the positivenshi

was unexpected, as increased impervious area has adwellmented negative correlation

with water quality and surrogate water quality measurements (Walsh, 2005; Schueler et al.,
2009). One potential explanation is that most of the pollution comma@ssociated with

urban runoff is microscopic and consequently not detected by the human eye in visual

habitat assessments. Hughes et al. (2010) provided a similar explanation in their study of 51
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agricultural streams, where the authors suggested thatriba-point source pollution from
adjacent agricultural lands was not visually detectable. The NCSAM water quality metric
evaluates stressors such as discolored water, excessive sedimentation, point discharges of
pollutants, odor, livestock access, excessilgae, degraded vegetation, and pastures (with

or without livestock) that are within 10 and 15 m of the streambank. Stress indicators such
as cows within fenced pastures are easily detectable visually, whereas moderate levels of
dissolved nitrate, for exaple, may not be. Therefore, the (nangnificant) positive

relationship between impervious area and water quality ratings may be a result of NCSAM

being particularly influenced by potential agricultural stressors.

NCSAM habitat ratings were significarghgdicted by ecoregion and to a lesser extent
watershed impervious area. The significance of ecoregion was chiefly due to the low
performance of Coastal Plain sites, where 84% (n=16) received a low habitat rating.
Mountain and Piedmont sites in generatetved higher habitat ratings. This distribution

among ecoregions agrees with macroinvertebrate scores, where Coastal Plain sites received
lower macroinvertebrate scores even at low impervious area percentages. The lower
Coastal Plain habitat ratings drkely due to the predominance of sandy substrate and
homogenous bedform that typify Coastal Plain streams. In their ragtdysis study, Shields

and Milhouse (1992) identified safzkd streams as supporting low levels of

macroinvertebrate diversity compad to moderate and high diversity levels for cobble
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gravel and bouldecobble streamstespectivelyThe NCSAM habitat metric appear to

account for this biological preference in dominant substrate size.

The impervious*ecoregion interaction term was sigraht in the NCSAM 4istream habitat
model. Similarly to NCSAM habitat;9tream habitat rated Coastal Plain sites lower in
general than Mountain and Piedmont sites. Impervious area had an overall negative effect
(non-significant) on irstream habitat raings. But upon examining the interaction

parameter estimates, we found a significant, positive effect of impervious area within the
Coastal Plains (p=0.0082). This indicates thatrmam habitat ratings increased along with
watershed impervious area, f@oastal Plain restored streams. Also, the only Coastal Plain
sites that did not receive lBw habitat rating in this study were three urban restored

streams. Once again we attributed this positive relationship between watershed impervious
area and irstream habitat ratings to an increase in engineered habitat in response to urban

lateral constraints.

Within the Coastal Plains, both an intensive benthic macroinvertebrate assessment and a
rapid visual habitat assessmentlicateda minor yet significant inease in scores along

with high levels of watershed impervious area. The results from the benthic
macroinvertebrate assessmeimdicatedan increase in community size, while results from
NCSAMndicatedan increase in habitat. We suggest that these twoifigd are connected;
that is the increase in engineered habitat in response to urban lateral constraints led to a

minor yet significant increase benthic macroinvertebrate scores, though the increase was
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note that while an increase in certain macroinvertebrate metrics in the Piedmont was

visually apparent in scatterplots at high levels of impervious area (>30%), NCS&&am

habitat results did not find a similar posié relationship between habitat and impervious

area for the Piedmont. The NCSAMstream habitat results support our hypothesis that

any benefits from engineered habitat for benthic macroinvertebrates would be more

perceptible in areas of lower topograjdal relief.

Conclusions

The efficacy of NCSAM was measured against a benthic macroinvertebrate assessment. The
correlation between the NCSAM overall rating and the macroinvertebrate results was poor

(R =0.01 to 0.17) but greatly increased when alllef NCSAM output used by the model

to produce an overall score were used €0.39 to 0.91). One potential reason for the low

correlation between NCSAM overall and macroinvertebrate results was that hydrologic

factors appeared to receive a higher weighathhabitat factors when calculating the

b/ {!a 2@8SNIff NIGAYyaId hT b/ {!aQa GASNI M YSiN

only habitat significantly predicted benthic macroinvertebrate scores.

Differences between how the benthic macroinvertebrateladNCSAM assessments respond
to changes in ecoregion or impervious area were evaluated. NCSAM hydrology results were

significantly predicted by impervious area, NCSAM habitat results were significantly
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predicted by ecoregion and to a lesser extent impeungiarea, and NCSAM water quality

resultsindicatedno relationship with either ecoregion or impervious area.

Benthic macroinvertebrate scores were well predicted by impervious area within the
Mountains and Piedmont R 0.50 to 0.73). Watershed imperviparea was a less

effective predictor within the Coastal Plaing €R0.16 to 0.28). Unexpectedly,
macroinvertebrate scores within the Coastal Planticateda minor improvement at high
levels of imperviousness (>15%). NCSAM resultsralgmateda postive relationship

between instream habitat ratings and impervious area for Coastal Plain sites. We
attributed this positive relationship between watershed impervious area arsirgam

habitat ratings to an increase in engineered habitat in responseliarutateral constraints.
We further suggest that this apparent increase in engineered habitat was responsible for

the minor increase in certain benthic macroinvertebrate scores within the Coastal Plains.
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Chapter 3 FieldEvaluationof RestoredWetlandsin North CarolinaUsingFloristic Indices,

Rapid Assessments, and Environmental Parameters

Abstract

The restoration opreviouslydrained wetlands is an importantnechanisnin mitigating
anthropogeniampacts totheseexistingecosystemsVariousfloristic-based rapid, andGIS
based assessmenk&ve been developed tevaluatewetlands. While most if not all were
originally developed foratural (.e.,not created or restored) wetlands, some have not
been used extensively to evaluate restored sité®& assessed 30 restored wetlands across
North Carolina using the SEPAational Wetland Condition Assessment protoctl&etland
assessments imede the \Bgetationindex ofBiotic Integrity (VIBI)the AdjustedHoristic
Quality Assessmenindex (AFQIXhe Horistic AssessmenQuotient for Wetlands (FAQWet),
the OhioRapid AssessmenMethod (ORAM)the North Carolina Wetland Assessment
Method (NGVAM), andthe Landscapedevelopmentindex (LD)NCWAM is new, rapid
ecological assessmetitat uses conditional computer programmingd.,IFTHEN
statements) to produce an overall site rating as well as a hydrology, water quality, and
habitat functionratings.Floristic indices and rapid assessment scores were not significantly
different among mitigation providers. However, permitteesponsible sites received
significantly higher LDI scores thadigu fee and mitigation bank sites. Overall, the
correlations among thevetland assessments was loand not significantwith the

exceptionbeing between th&FAQWet level 3 assessment and level 2 ORAM and NCWAM
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rapid assessment# shared emphasis on site hydrology likely explains the relationship
among thesg three assessment®Vhile the correlation among assessment scores was
generally not significant, a majority of the restorations were rated as medium or higher
quality by the VIBI, ORAM, and NCWAM assessments, and only two sites were rated as low
quality with those three assessmentBased on these similar rating distributions, one may
conclude that assigning success or failure to a restored wetland can be performed
adequately using a level 2 assessment, with the more reseinteasive level 3 assessment

reserved for questionable sites.

Introduction

Wetland ecosystem servicaesich asupplying food and water, regulating climate and
flooding, fostering recreational and educational activities, and supporting nutrient cycling
and plant productior(Millennium,2005)havebeen conservatively estimated at $3.4 billion
worldwide based on data from 630,000 kof wetlands (Schuyt and Brander, 2004). When
extrapolated to the global estimate of 12.8 million kof wetlands (Finlayson, 1999), the
estimated value of wiband services was $70 billion wdwide. Flood control, recreational
fishing, general recreation, water filtering, and biodiversity wiglentified globallyas the

most economically valuable functions.

These ecosystem benefits, however, have been jeapadithrough the removal and
degradation of the ecosystems that provide thely. the mid1970,wetland inthe

conterminous Unite Stateshad droppedirom apre-settlementestimated 870,000 kfn
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(Roe and Ayres, 1954) to 400,600°Kffiner, 1984)adecreasef 54% North Carolina has
lost approximately49% of its wetlands, from an estimated 44,900 kre-settlement (Dahl,
1990) to 23,000 kAin mid-1980s (Hefner and Brown, 198Based on available data from
2003 85 knf of wetlandsin the United Statethat are removed oimpactedannually are
replaced with 176 kfof mitigation wethnds, at a cost of $3.45 billi¢195,700 per ha)

(ELI, 2007).

In response ta@ontinued ecological impactthe Clean Water Act of 12733 US® 1251)
charged the United Stat todrestore and maintain thehemical, physical, and biological
AYyGiSaNRGe 27T diftKobghyhe degradgtionzof wetlarndShagibeen reduiced
responseo the Clean Water Act, impacts existing wetlandgontinue to occur.
GCompensatory mitigtiont the remedy ofunavoidablampacts may be satisfiedhrough

one of three different mechanism4) permitee-responsiblgwhena developer that

impacts an ecosystem restores another ecosyste2jimitigation bank(when a developer
purchase mitigation aedits from aprivate company,))or 3) inlieu fee (vhen a developer
paysa fee to a state agencfySEPA, 2012). Compensatagtland mitigation has become

a large industry across the U.S. and especially within the southeast. Based on USACE data,
wetlandsimpacted under Section 40zf the Clean Water Aatere mitigated in the U.S. on
average with2.03 mitigation ha for each impacted hectare of wetland (Martin et al., 2006).

The USACE South Atlantic division (North Carolina, South Carolina, Georgia, Alabama,
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Florida, and half of Mississippi) accounted for 23.7% of the permits, more than any other

division.

Not everymitigation siteis successfylhowever InNorth Carolinamitigation success rates

in the midm g pbaged on two independent studiegere a lav 20% (one out of five sites
successful) and 42% (10 out of 24 sites successful) (see Hill et al., 2013; Pfeifer and Kaiser
1995; respectively). More recently, a comprehensivaew® of wetland mitigation projects
across North Carolina reped marked impovements in mitigatiorsuccess rates. Hill et al.
(2013) assessed 83 wetland mitigation proje@&®00 ha and reported a success rate of
70%by sites and 64% by areSignificant differenceis success ratesere observed across
North Carolinacoregiors, asMountain site success ratesere significantly lower than

Pedmont and Coastal Plaregion rates, by area\lso,permiteeresponsible sitebada
significantly higher success rate than North Carolina Department of Transportation (NCDOT)
sites, by aea.However, significant differences in success rates were not observed across

mitigation providers based on project counts.

TheaforementionedHill et al. (2013jpaperprovided anupdate on the current trends in

North Carolina wetland mitigatior©n anational scale the U.S. Environmental Protection
Agency (USEP&Drrentlycompleting theNational Aquatic Resource Surveys (NARS), a suite
of ecological surveys focusing patural(i.e.,not created or restoredgcosystems including
rivers (2006), lakes (®7), coastal waters (2010), dmvetlands (2011) (USEPA, 201 Faeld

work for the National Wetland Condition Assessment (NWGQGA¢ wetland portion of
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NAR$ was conducted in 2011 andvialved surveying 1,178atural wetlands across the
conterminous US andlaska (USEPA, 2@)1 A final report of the NWCA findings is

scheduledor publicationin 2014

The NWCA protocols rely heavily on floristic data collected at each wetland. Biotic
assessments that involve measurements of the flora or fauna communisepteait a site

have long been used to rate the quality of an ecosystdoristic metrics and indices

multiple metric scores combined to produce an index score that is typically rescaled to be
within predefined rangee.g.,1 to 10 are commonlyin part be@usevegetation is readily
assessed and does not require the installatm longterm monitoringof wells. Also,
becausewetlandvegetation is a product of the soil and hydrologic conditions, floristic
assessments are thought by some to capture all thoeisdictional criteria of a wetland.
Traditional foristic metricancluderichness, diversity, and evennedgore recently

developed floristic indices such as the Vegetative Index of Biological Integrity (VIBI; Mack,
2004), the Floristic Quality Assessmh Index (FQAI; Andreas et al., 2004), the Adjusted
Floristic Quality Assessment Index (AFQI; Miller and Wardrop, 2006) and the Floristic
Assessment Quotient for Wetlands (FAQWet; Ervin et al., 2006) have increasingly been used
to evaluatenaturalwetlands. Though some of these assessments have been applied to
created or restored wetlands, few large sample (> 20) peeiewed studies brestoration

projects exist.
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Floristic indicegalso known as level 3 assessments, see Brooks et al., r20dne traned
ecologistgo identify species in the fieldRecently there has been a trend toward Rapid
Assessment Methods (RAM). Also known as level 2 assessments, RAMs are broader in scope
than level 3 assessments in that biotic and abiotic ecosystem componeneyaluated.

RAMs are mostly qualitative, making them more efficient than quantitative biotic
assessmentfRapid assessment methods include the USA Rapid Assessment Metlded (US
RAM; USEPA, 2011b), tedrogeomorphic classification method (HGM; Brinsorg3)9

and the Ohio Rapid Assessment Method (ORAM; Mack, 2RétgntlyNorth Carolina has
introducedthe North Carolina Wetland Assessment Method (NCWAM; NCWFAT, 2010).
Developed by the US Army Corps of Engineers, The North Cddolisen of Water

Qualty, and the North Carolina Department of Transportation, NCW&\&tapid functional
assessmenthat use conditional computer programming.¢.,IFTHEN statements

calculated via a macrenabled spreadsheet) to produce an overall site rating as well as a
hydrology, water quality, and habitat function ratings. While NC\Wddextensively

calibrated across a range of natural ecosystems, a study on how NCWAM evaluate restored
ecosystems across the state has not been published (see Burton, 2008, for an enabfiati
Coastal Plain mitigation sitesing NCWAM; see Steele, 2013, for an evaluation of natural

headwater wetlands using NCWAM).

Specific objectives for this studyclude 1)qualitativelydescribe the current state of

wetland restorationin North Carolaacross mitigation provider®) compare the results
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among floristic indices, ORAM, and NCWAM using correlation and constrained
correspondence analysis (CCA) ordination, 3yakterminethe relationshipshetween
various environmentgbarametes and a &based land disturbance indewth the florigic
indices, ORAM, andCWAM scored his will be the first time that these various ecological
assessments have been simultaneously applied to wetlamddgural or restored across

the state of North Carolinglso, as all of sampled sites are restored wetlands, results of
this study will provide specific insight into the application of these assessments on

restoration projects.

Methods

Site Selection

The target populatiorof restored wetlands was collected froam internal North Carolina
Division of Water Quality (NCDWRQaintained database of mitigation site@Note that the
NCDWQnerged with theNorth CarolinaDivision of Water Resourc@CDWRYn August

1, 2013 after field work for this project was completg@ite criteria for this study included
being arestored mitigation wetlandoermitted between 2002 and 2006, older tharufo

years old postonstruction with an ara of at least 0.1 haand a width of greaterttan 20

m (for linear wetlands)Selected re®ration projects were restricted to those completed
after 2001 to coincide witlhew compensatory mitigation guideline recommendations
published by the Nation&esearch Council (NRC, 2001). This criterion helped ensure that

current restoration science anzbnstruction techniques were evaluated in this stud@ie
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target population was initially limited to riverine or riparian restored wetlands that had
been planted with trees and shrubs, to minimize diesite variability After screening the
NCDWQ mainiaed database with the aforementioned site criteria, the target population
contained 42 idieu fee, 11 mitigation bank, and 11 permitteesponsible restored

wetlands.

Documented vegetation and hydrology success was also a target population site writerio
Sites were considered successful if they had either been closed out after 5 years (the typical
post-construction monitoring period in North Carolina) or deemed successful in the most
recent monitoring year if a site has not been closed out. Succesdefiagd in the original
monitoring plan for both vegetation (typically 642 stems per ha by year five for forested
sites) and hydrology (typically the water table must be within 30 cm of the surface for at

least 5% of the growing season days (USACE, 1@8i&gcutively).

Adequate if not equal sampling among mitigation providerdién fee, mitigation bank, or
permittee-responsible) was desired. In this studyligu fee (ILF) referred to mitigation sites
under the North Carolina Ecosystem Enhancemeagfm (NCEEP), mitigation bank
referred to sites restored by an ecosystem mitigation company, and permigsgonsible
referred to sites restored by private companies, local municipalities, county governments,
or the North Carolina Department of Transpation (NCDOT). A sample size of 30 restored
wetlands was desired. Due to their relatively larger target population, samples for-the in

lieu fee sites were selected via a generalized randessellation stratified (GRTS) design
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(Stevens and Olsen, 2004), ialn spatially balances selected sites where simple random
sampling may not. The mitigation bank and permittesponsible sites were randomly
ordered and the first ten were to be used for teaudy.Mitigation bank or permittee
responsible sites were repatad with inlieu fee sites if a mitigation bank or permittee

responsible site was not deemed usable.

Ultimately 30 restored wetlandaere surveyedKigure3.1). Twentyseven of the 30

restored wetlands were located within rural wagtreds (< 10% impervious cover). Of the
NEYIFAYyAy3a GKNBS:E (G2 6SNB t20FGSR FR2l OSyi
third was a riparian wetland situated within a residential neighborhood (<0.1 ha lot Aize).

least 26 of theural sites wee previously row crop or hay production before restoration,

based on historic aerial imagefyield sampling occurred during the growing season

between July ¥and September 30, 2012.
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Restored Wetlands Ecoregions

@  Mitigation Bank (n=9) I Vountains (n=2)
A In-ieu Fee (n=15) I Piedmont (n=10)
B Permittee-responsible (n=6) Southeastern Plains (n=8)

Middle Atlantic Coastal Plain (n=10)

Figure3.1. Samplel restored wetlands (n=30) RySEP&coregionsMitigation provider of each site
denoted by symbols.

Assessment Methods

Floristic Indices

Vegetation at each site was sampled following the National Wetland Condition Assessment
(NWCA) protocols (USEPA, 2001 The wetland assessment area was defined as the area

enclosed by a 40 m radius circle (0.5 hag aindomly generated sampling point. Five 10 x

Mmn Y @S3aASGHFdAz2y LX 204X GeLIAOFfft& | NNJFYy3ISR Ay
were laid outwithin the wetland assessment aréBigure3.2). Within the southwest and

northeast corner of each 1007plot was a pair of 1 Aand 10 nd nested quadrantsLinear

wetlands, wetlands with sampling obstructions such as deep watevetiands smaller

than 0.5 ha were specified an alternative wetland assessment area and vegetation pl

layout, per NWCA protocols. Howevearegf 10 x 10 m vegetation plots were always sampled
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regardless of the layout configuratiolhe sampling point ahe center of the assessment
area was randomly selected from within the wetlacmimponentboundary before the field
visit. Note that a single wetland mitigation project may contain land that has been
restored, enhanced, or is part of a stream restoratibherefore, a wetland restoration
component for each site was delineated based on mitigation documents before the
sampling points were randomly generated, ensuring that only areas of wetland restoration
were surveyedPer NWCA protocolshé center of the @sessment arewvas movedas much
as60 min any directionf avegetationplot wasunable to be sampledue to deep water or
upland areas, for instancén restoration sites where trees were planted, tbenter of the
assessment areaasalsomovedas muchas60m in order to better assess the intended

dominant vegetation.
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Figure3.2. Typical site layout for vegetation, soil, and landscape development index (LDI)
assessments, approximately to scaleayou of vegetation plots and soil pits per NWCA protocols
(USEPA, 20116)he wetland assessment area is denoted by the inner white circle (40 m radius; 0.5
ha), which contains five 10 x 10 m vegetation plots arranged along the cardinal directions. Triangles
denote location of four soil pitadjacent to the southeast corner of a vegetation plohe LDI
assessment area is denoted by the gray buffer area (100 m radius). Map inset of a vegetation plot
highlights the nested plots that apresentin all five plos.

Vegetation taxa were identified to the lowest taxonomic level possible in the field.

Unknown species were collected for later identificattmnNCDWQ or the University of
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North Carolinaherbarium staff Coverage of each specr®ted in or overhanginghe plots
wasestimatedfrom 1% to 100% for each plot, withecies occupying less than 1% (3) of
a plot assigned 0.1% coverager NWCA protocoldNetland indicator status
(http://plants.usda.gov/wetland.htm) and nonnative statuslittp://plants.usdagov/javal)
were determined for each identified species. Additional vegetation metrics such as tree
diameter at breast heightDBH and percent bare ground coverere also collectedThree
floristic indices (level 3 assessments) that include VIBI, AFQEAQWet were calculated

from the vegetation coverage data and applied to all sites.

VIBI

The Ohiovegetation hdex ofBiotic htegrity version 1.3 (VIBMack, 2004 has been

applied extensively to both naturalestored, and createdetlands (Mack 2004ylack

2006; Micacchion et al., 2018G EnvironmentaR012; Stapaniaat al., 2013). VIBI scores
are a summation of 18qually weighted floristic metric§ he specific metrics used are
determined by the dominant vegetatiagpe (emergen, shrub, or forestd; Cowardin et
al.,1979). Only the floristic quality assessment index (FQAI), percent tolerant, and percent

sensitive metricare common to all three wetlandegetation typeVIBI scoreslable3.1).
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Table3.1. Metrics for calculating VIBI scores (adapted from Mack, 2004)

VIBtemergent VIBtshrub VIBHorested
Carex Carex -
Dicot, native Dicot, native -

Shrub, native, wetlanc Shrub, native, wetland -
Hydrophyte, native  Hydrophyte native -
AnnualPerennialratio -

FQAI FQAI FQAI
% Tolerant % Tolerant % Tolerant
% Sensitive % Sensitive % Sensitive

% Invasive graminoid: - -
% Unvegetated - -
- - { KI RSk
- Seedless vasculptants Seedless vasculptants
- - % Hydrophyte
- % Bryophyte % Bryophyte
- Pole timber density
- { dzo OF y2LJ 1{ dzo OF y2LJk |
- Canopy IV
W edric not used in VIBI calculations due to a lackegional data and/or
NWCA methodology limitations.
VIBI score is the summation of each metric frora &ppropriate column
VIBI scoresatculated with less than 10 etrics were scaled to maximum
potential value of 100
FQAI = Floristic Quality Assessment Index (Andreas et al., 2004)

VIBI formulas used were originally developed for Ohio. Due to intzien®ess in regional
data forshade tolerance ratings faertain North Carolina speciesd limitations of the
NWCA method related to the measurement of shrub species, BB&Imetric for VIB$hrub
and two metrics for VIBorest were dropped. In additigrthe biomass metric for VIBI
emergent was replaced with the percent unvegetated medsqer VIBI methodology on

emergent mitigation wetland sitesgo allow for comparisons among Véhergent and
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other published studies, the potential maximum value lofub and forest VIBicoreswere

scaledupto 100.

VIBI scores range from 0 to 100BI scores can be converted into an ordinal rating scale

known as the Wetland Tiered Aquatic Life Uses (WTALU; Mack, 3i@4)that received a

VIBI score between 0 20 were classified as Low Quality Wetland Habitat, scores between

30 to 59 were classified as Restorable Wetland Habitat, scores between 60 to 75 were

classified as Wetland Habitat, and scores between 76 to 100 were classified as Superior

Wetland Habitat.These rating thresholds are for riverine wetlanBgld evaluation

classified 2377%) of thesitesin our study asiGM typeriverine (Brinson, 1993)vhenusing

the appropriateNWCAform. The rest of the sites with the exception of one wetéM

classified & ¥t l Gad al Ol Qa & WdALY rating thresholdfer fafsR  y 2 G LIN
Therefore the riverine threshold values for determining WTALU werdeapf all of the

sampled sites for this study.

AFOQI
The adjusted floristic quality assessment ind&k@I; Miller and Wardrop, 2006), a
modification of the floristic quality assessment index (FAQUtreas et al., 2004)vas

calculated for each site. The ARQbrefor a site is

w o oy 00 00 60 G .
0 OO0 O———=zpTmm = Zp MM 091jdzZr UAZ2Y WM™
p 1O p TV
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where6lis the average of the coefficienf conservatism (C) values,;dNeis thenative
species richness, andgb is the total species richness. Since it is dependent upon species
richness, AFQI ano theoretical upper bound. The C value is an index that describes a
aLSOASaQ FTARSEAUGE (G26FNR | aLISOAFTAOaKFOoAGI G
plant that toleratesa wide range of habitats; the maximum C value of 10 indicapdant

hasa high degree of fidelity for a narrow range of habit&sideral speciepecies that are
the first to colonize disturbed landsgceive lower C values than more habitsnsitive
species Taft et al., 199Y. See Taft et al. (2007) for more detailed ernia of C valuesC

values have yet to be published for all North CarofipaciesTherefore, C values fdtorth
Carolinawetland speciegpartiallist) developed for other NDWQ wetland studie@Baker et
al., 2008 Savage et gl2010 Baker et. 312013) and Virginiavetland species ligDeBerry et
al., 2006 were used in this stud¥nly 15out of 434 observed species¥d did not have a
regionally published C valuénother 55taxawere not identified to speciekeveldue toa

lack of identifiablecharacteristics €.g9.,Carex species without seedheads)d therefore

were exalided from AFQI calculations.

As previously mentioned, th&FQI is a modification tiie FQAIFQAI has been used
extensively to assess wetlandationwide(Lopez and Fennessy, Z0Mack, 2004; Cohen

et al, 2004; Bourddgs et al, 2006; Johnston et al., 2009). However, various studies found
FQAI scores to be positively correlated with sieand site richnesssgéeErvin et al.,

2006) Bias toward site richness could be a probliéregetation plot size or wetland type
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varies across sampled sites. For examplg@osin wetlandwill typically have lower

richness than aiverine swamp even if bothwetlands are of high qualityn contrast to

FQAI resultsAFQIscoreshave been shown to not suffer from collinearity with native

richness (Miller and Wardrop, 2006). The same study reportedidbtit FQAI and AFQI
scores correlated well with a land disturbance index, but AFQI did a better job of
discriminating between low and moderatealysturbed sitesGiven these findings and the

fact that FQAI scores are already incorporated into the reported VIBI scores, AFQI scores

were analyzed in this study.

FAQWet
AFQI scores each require a database of C values that are region dependent and not
currently available nationwide. In contrast, ti#oristic AssessmenQuotient for Wetlands
(FAQWetformula versior3 in Ervin et al., 2006ises wetness coefficients based on the
readily available national wetland indicator status categories
(http://plants.usda.gov/wetland.htmlseeTable3.2). The FAQWescorefor a site is
w0z0

7

U

060 wQ 9ljdzr GA2Y HO

wherew 0 is the average of th wetness coefficient values, M. is thenative species

richness, and Pl is the total speciedschness.
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Table3.2. Wetlandindicator status and corresponding wetness coefficient
(adapted from Ervin et al, 2006)

Pradbability of Wetness
Indicator Statuk occurrence in wetlands Coefficient
Obligate(OBI) >99% +5
Facultative WetlandFACW 67-99% +3
Facultative(FAQ 34-66% 0
Facultative Uplan@ACY 1-33% -3
Upland (UPL) <1% -5

U h&most recently available (2012) wetland gléist does not include
plus (+) or minus-) designations

Rapid Assessment Methods (RAM)

ORAM

The Ohio Rapid Assessment Method (ORM4Ack, 200)lwasappliedto all sites. ORAM
version 5.Chas ben rigorously tested on natural, restored, and createetlands across
Ohio (Mack, 2006). ORAM scorean@e of0 to 100)are a summation of six metrics that
includewetland size (6 pts), wetland buffers (14 pts), hydrology (30 pts), habitat (20 pts),
and vegetation (20 pts) (maximum points per metric in parentlgséhe sixth metric,
special wetlands (10 pts), is appropriate $pecificOhio wetland types and therefongas

not answeredn this study SubsequentlyORAM scores were rescaled to reflegiodential

maximum score of 100 to allofer comparisors with other studies.

ORAMordinalis an ordinalversion of the ORAM score. Low qualites that received an
ORAM scorérom 0 to 29.9 are classified as Category 1, sctras 30 to 34.9 are classified

as Category 1 or 2, scorgem 35t0 59.9 are classifieds Category 2, scoré®m 60 to
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64.9 are classified as Category 2 or 3, and scores greater than or equal to 65 are classified as

the highest qualityCategory 3 (Mack, 2006).

NCWAM

The North Carolina Wetland Assessment Method version 4.1 (NCWFAT, 28185
applied to all sitesNCWAM was developed for natural wetlands, but has been applied to
North CarolinaCoastal Plain mitigation sites (Burton, 2008nswersto the NCWAMield
form were entered into a macreenabled spreadsheet that uses conditibcamputer
programming €.g.,IFTHEN statements with Boolean operatorsptoduce an werall site
rating as well abydrology, water quality, and habitat function ratingSgure3.3). Due to

the use of conditional computer programng, there is not necessarily a otie-one
relationship between apecific fieldlorm question and a given outpuiVetland functions

and the overall site score are rated as low, medium, or high with NCWAM.

The NCWAM wetland typd §ble3.3) determines the specific rating algorithm used by the
macro-enabled spreadsheet. The assessor discriminates between 16 different wetlands
types using a combination of landscape position and damtivegetationcriteriavia the
NCWAMdichotomous keyThe target population was initially limited to riverine or riparian
restored wetlands that had been planted with trees and shrubs, to minimizdsisite
variability. However, during field assessment it became apparent that some sites were

misclassifiedn the database.
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NCWAM protocols assess microtopography, soil texture, hydric soil indicatorspion

hydric indicators, visible stressors, riparian buffer width, wetland size, connectivity with
nonwetland natural area, wetland buffer width to ndorested land, vegetation structure,
invasive vegetation species, large woody debris, open water distribution, and floodplain
connectivity. Certain questions are applicable only to specific NCWAM wetland types. In
FRRAGAZ2Y (G2 I aasaaANgWAMicKnSietarmbine ivheid? deweffaddy O G A 2 y
has the opportunity to improve water quality within the watershed. Opportunity ratings are
calculated using land use categories measured 1) within the watershed, 2) within the
watershed and a five mile radius of thesessed area, and 3) within the watershed and a

two mile radiusof the assessed area. Geographic information system (GIS) raster land cover
data from the National Land Cover Databasep://www.mrlc.gov/) or aerial imagery may

be used to answer these gstions. NCWAM water quality opportunity questions are

optional, do not influence wetland functional ratings, and were not analyzed in this study.
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NC WAM Wetland Rating Sheet
Accompanies User Manual Version 4.1
Rating Calculator Version 4.1

Wetland Site Name Sample Site Date Date
Wetland Type Bottomland Hardwood Forest Assessor Name/Organization Agency
MNotes on Field Assessment Form (Y/N) N
Presence of regulatory considerations (YIN) MO
Wetland is intensively managed [Y/N) NO
Assessment area is located within 50 feet of a natural tributary or other open water (YiN) YES
Assessment area is substantially altered by beaver (Y/N) NO
Assassment area experiancas ovarbank flooding during normal rainfall conditions (Y/N) YES
Assassment araa is on a coastal island (Y/N) NO
Sub-function Rating Summary
Function Sub-function Melrics Rating
Hydrology Surface Storage and Retention Candition MEDIUM
Sub-Surface Storage and Retention Condition MEDIUM
Water Quality Pathogen Change Condition HIGH
Condition/Opportunity HIGH
Opportunity Presence? (YIMN) YES
Particulate Change Candition MEDIUM
Candition/Opporiunity HIGH
Opportunity Presence? (YiN) YES
Soluble Change Condition MEDIUM
Condition/Opportunity HIGH
Opportunity Presence? (YMN) YES
Physical Change Condition HIGH
Condition/Opportunity HIGH
Opportunity Prasanca? (YN) YES
Pallution Change Condition MA
Condition/Opportunity MA
Opportunity Presence? (YN} NA
Habitat Physical Structure Condition LOW
Landscape Patch Structure Condition LOW
Vagetation Composition Candition MEDIUM
Function Rating Summary
Function Metrics/Motes Rating
Hydrology Condition MEDIUM
Water Quality Condition HIGH
Condition/Cpportunity HIGH
Opportunity Presence? (YIN) YES
Habitat Conditon LOwW
Owerall Wetland Rating MEDIUM

Figure3.3. NCWAM output for a sampled sitéll wetlands receive overall and main function
ratings. However, certain wetlartgipesare not rated for all sufunctions and therefore receive

ab! €@
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Table3.3. Distribution ofsampledwetland types by NCWAIh=30).

NCWAM Wetland Type Sampled
Salt/Brackish Marsh -
Estuarine Woody Wetland 1
Tidal Freshwater Marsh -
Riverine Swamp Forest 8
Seep

Hardwood Flat -
Non-Riverine Swamp Forest 2
Pocosin -
Pine Savanna -
Pine Flat 3
Basin Wetland -
Bog -
Non-TidalFreshwater Marsh 4
Floodplain Pool -
Headwater Forest 5
Bottomland Hardwood Forest 7

Landscape Development Index (LDI)

The landscape development index (LDI; Brown and Vivas, 2005), a levdlas&lS
assessmen(Brooks et al, 2004Wwas calculated foeach site. LDI scores are a weighted

summation of the land use pegotages,

000 POYZE 69ljdz GAZ2Y 00

where %LUs thediscretized land usareafraction (0 to 1.0) and @s the corresponding
land development irgnsity coefficientLand uses within a 100 m buffaround the wetland
assessment area were discretized in ArcMap version 10.0 (ESRI, 2010) manually using recent

aerialimagery(Figure3.2). LDI coefficientsange from 1 (nhatural aresaor open water) to 10
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(heavily urbanized areas) and repees the amount of supplemental emergeeded to
YEAYOGFLAY GKS 3IAGSY flyR dzaSs €23 (NI yaF2N)¥SF
summation of all the energy used to produce an item, intigdill the energy used to

produce the individual components of said it€dBrown and Vivas, 2005y he emergy

based land use coefficients in Brown and Vivas (2005) were derived for Florida but have

been applied tdand uses imther states (Mack, 2006; Macchion et al., 2010).

Soil and Water AnalissProtocols

The soil methodology used in this study was a modification of the NWCA soil protocols
(USEPA, 20b) and were similar to the protocols outlined by PG Environmental (2012).
Four soil pits were dug Wiin 1 m of the southeast corners of the outer vegetation plots at
each sitg(Figure3.2). Texture matrixcolor,depth towater or saturation level, and
redoximorphic fieldndicators NRCS2010) were notect 12, 20, and 30 cm delps for
eachsoil pit. Acompositesoil sample from the surface to 30 cm deep waBectedfrom

the most representative piand sent to an independent laboratory where a suite of
macronutrients, micronutrients, physical, and chemical properties were medsAr
separate bulk density sample wesllectedlaterallywithin the soil pitat a depth of 15 cm

and senffor lab analysis

Water quality measurements weillectedwithin the wetland assessment area sites
with standing or flowing wategreater thanl5 cm deep15 out of 30surveyedsites), per

NWCA protocols. Dissolved oxygspecificconductivity, and pH values were measured in
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the field using &SI 2030 water quality metgBrab water quality samples taken per NWCA
protocols were analyzed fof dal Kjeldahl nitrogen (TKN), nitrate and rtgr{NGy/NO; - N),

ammonia(NH," - H), and phosphorus conterat the NCDWQaboratory.

Statistical Analyses

The R statistical software package version 2.15 was esadalyze the datéR Core Team,
2013). Tiroughoutour study, Pearson correlations were used to compare interval
measurements while Spearman correlations were reserved for ordinal measureserits

as NCWAM rating$Stevens, 1946). Correlation values between floristic indices (level 3) and
rapid asessments (level 2) scores were calculated. Correlations between soil and water
parameters (log transformed) and wetland assessment scores were calculated. Parameters
such as nutrients that can be describ&sh resourcdor vegetation were log transformed

prior to analyses (Palmer, 1993). Age of a restored wetland was also log transformed, as the
vegetation sructure of a nascent wetland was assumedct@mnge norinearly with time.
Variables already expressed in a log scale (pH ardddel Brown and Vivd2005) for the
formulation of the land development intensity coefficiehtsere not transformed.

Significant relationships between VIBI, AFQI, FAQWet, and ORAM scores and categorical
variables were tested using ANOV4eBts; significant relationships beeen NCWAM

ratings and categorical variables were tested using Fisher exact tests.

Constrained correspondence analysis (CCA; Ter Braak, 1986) ordination plots were created

using the coverage data on the 434 identifigebetation speciee ¢ KS w HF Y§ I IS
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was used to generate the plot®©ksaneret al., 2013). CCA has been shown to be superior
in certain respects to correspondence analysis (CA), detrended correspondence analysis
(DCA), and noemetric dimensional scaling (NMDS) ordination methods (Pald®933).
Ordination is a multivariate dimensional reduction technique where the most important
dimensions (typically two or three) are identified and plotted. CCA is a direct gradient
ordination method where the ordination axes are constrained to be limeanbinations of
separately measured factors. In our study, CCA was constrained by the three fiodsic
score¥ & AYRAOFIGSR 6A0GK FNNRga SYILYylFiGAy3d FTNRY
increases as its plotted location moves in the di@ttof the arrow.Longer arrow length
denotes a stronger correlation between the floristic index and the ordination results
computed from the vegetation coverage daleighted average site scores were téal

on the first two CCA axeger Oksaneret al.(2013). Rapid assessment scores were overlaid
on the CCA plots to allow visual comparisons between the level 3 and level 2 assessment
results. Overlaid ORAM contours were computed usingpitaite splines from a general
additive model (GAM). Overlaid NCWAolygons represent the extent of each NEW

rating in ordination space.

Results and Discussion

Overviewof Restoration Sites

The majority of the 30 restored wetlandppeared to be stable, functional wetlands based

oninitial field inspectionsimmaturty of the vegetation structureof the forested sites
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notwithstanding.At a few sites, the plantettees displayed poor vigor, most likely due to
site conditions being too dry for the planted taxa. EBaample plantedcypress Taxodium
spp) were performirg poorlyat one site whilevolunteers like sweet guniLiguidambar
stryraciflug, loblolly pine Pinus taed and red mapleAcer rubrun) were volunteering.

This may imply that thieestorationwas dryer than intended, or that the planting list was
not appropriate forthe designed soil saturation leveBix sitefad highly disturbed soils
from either the constructionprocessor previous land use Wo of thesesitesdid not have
apparent soil horizonBoth sites were adjacent to a large retail store antlved

moderate to large amounts of excavation, the later most likely responsible for the lack of

soil horizons.

Sixteen out othe 30 mitigation projectsincludeda stream channel that wdecatedwithin

15 m of the assessment area bounddfifteenof these streams were restored

conjunctionwith the wetland.All of the restored streams were stablecondition, though

three out of the 15streams had noticeably low water levelgith one strearbed covered in

herbaceous wetlandegetation.The bankfuldepth of these three restored streams

appeared appropriatei.g.,not incised. Therefore it did not appear that these three

NEal2NBR aGNBlIYa 6SNB FROSNBRSt@ FFFSOGAYy3D (K
ditch. Maps from the North Carolina Dught Management Advisory Council
(http://www.ncdrought.org/archive/index.phpindicated no drought conditions at the time

these three sites were surveyedowever, aeriaimagerydating back tdl994indicated no
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stream was previously located where ttigee restored streans were constructed Also,
each of thethree streamdlowed roughlyparallel as opposed tobliquelytoward the
receivingriver. The alignmentof thesestreamrestorations did noappear to coincide with
the prevailingcontours of the landsape, which likely accounted for the I®treamwater

levelsobserved at these three sites

Three out of the 30 restored wetlands weaeated neatarge, incised vers. Two of these
siteswere located approximately 100 m away fr@nincised river. No ydric soil field
indicators were observed at oref thesesites, while only the bottom of the 30 csoil pits
indicatedsigns of saturatiomt the other site Thethird site, located approximately 2&
awayfrom the incised riverwas the onlyrestored wetand out of 30 to receive a low
NCWAM ratingAll threeof thesesites received VIBI scores less than 50, which
corresponedto a Restorable Wetland Habitat WTALU ratinggs likely that the incised
river was producing a lateral drainagéfect (Skaggsteal., 2005)on the subsurface
hydrologyon the site 25 nawayfrom the incised rivethoughno groundwater modeling of
thesethree sites was performed due to insufficiefield measurements. The probability
that the incised rivers located 100 m away wéraving a lateral effect on the other two
sites is much lower; however, wetland setback distances of up to 120 m have been

published for other regions of the U.S. (MN NRCS, 2012).
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Categorical Factors

Categorical factors and whether they significantheaféd assessment scores are listed
Table3.4. Assessment scores did not significantly differ among mitigation providers. A
recentstudy of 60restored and createdavetlands in Ohio also found no significant
difference between VIBEsres from bank and permitteeesponsible sitesHG

Environmental 2012). Ohio does not have-ieu fee wetlands.

Table3.4. ANOVA Walues(unless notedpetween categorical factors and wetland assessments

Floristic Assessments Rapid Assessments
Factors VIBI AFQI FAQWet ORAM b/ 21 a
Dominant Vegetation 5.84*  3.57 4.45* 0.9 0.792
HGMClassification 0.31 2.39 0.11 0.18 0.100
Ecoregion 0.69 1.80 0.27 0.61 0.927
Mitigation Provider 131 0.13 0.37 0.20 0.834
SandySoil 2.44 1.06 1.78 1.99 1.000

Significancelenotedas *p < 0.05; *p < 0.01; **p < 0.001; ***p < 0.0001

W CAAKSNI SEFOG GdSad LW dzS NBLRNIS

Dominant Vegetation = emergent (17) vs woody (13); H@assificatiorr riverine
(23), flat (6)or tidal fringe (1); Ecoregion = Mountains (2), Piedmont (10),
SoutheastCoastal Plains (8), or Coastal Plains (10); Mitigation Providdien in
fee (15), mitigation bank (9), or permitteesponsible (6); Sandy Soil = < 50%
s YR 6 M0% sard §17)¥Numbers in parentheses are satrgiies.

Herbaceousites received significantly higher VIBI and FAQWet scores than woody sites
(ANOVA fest, p<0.05). Mean scores for VIBI were Gth856.1, while mean scores for

FAQWetwere 12.2and 8.6 forherbaceousand woody sites, respectively. Age may partially
explain this difference, as no sampled restoration site was older than 11 years (median 8

yr). Therefore, the woody vegetation was less structurally mature compared to the
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herbaceous/egetation. No other tested categorical factors had a significant effect on

assessment scores.

Floristic Indices and Rapid Assessments

The distributions ofWetland Tiered Aquatic Life Uses (WTALU; derived from VIBI scores)
ORAMcategory and N@/AMratingsare shown irFigure3.4. No conversion criteria from
raw scoreto ordinalrankings exist for AFQI or FAQWet; thereftirese indices were not
plotted. WTALYORAM, and NCWA&toresagreal that few (0 orl) restored wetlads
surveyedwere of low quality, but disagreeth their distribution ofmedium to high quality
sites. TheWTALWlistribution from lowmedium to high ratings was relatively uniform
WTALU results from this studydicatedhigher quality restored wetlands #min other
studies of created and restored wetlan(licacchion et al., 203PG Environmental, 20}2
and natural urban wetlands$viack and Micacchior007). The rapid assessment
distributions, however, were unimodal and generalyed sites more highlghan WTALU
ORAM rated 24 site80%)as medium quality (category 2), while NCWAM ratedi@s
(80%)as high quality wetlands. Another study reported a similar NCWAM distribution
wherea majority(65%)of the sampledestored North Carolina wetlands rageda high

rating (Burton, 2008.
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Figure3.4. Frequency of sites versus categorical assessment rating, by wetland assesBorahis

plot, Ohio Rapid Assessment Method (ORAM) Category 1, Categogy Category 2, Category 2 or

3, and Category 8ategoriescorrespond to Low, Lowled, Medium, MedHigh, and High,
NEALISOGAPGStEe oal Ol wnnco® {AYAfINI&z 2SGflFyR ¢
gSUf YR KIFIoAlGldéesr aawwSaaz2ddolf BR 6K6IGd & YIRG KI 0IAYIR Ga{ d
correspond to Low, Lowled, Medium, and High, respectively (riverine hydrogeomorphic (HGM)

class; Mack, 2004). Potential NCWAM ratings are low, medium, or high.

Overall, thescarcity ofsites that receied alow qualityratingis encouraging. The fact that

WTALWE  8aAFASR mMm aA0Sa 6010 a GaNBad2NIof S
the sampled restorationgoroject age ranged from 5 to 11 year®RAM and NCWAM

ratings werdess harshwith aimost all (n=29) of the restored wetlands were classified as

medium or high qualityThoughWTALUWlid rate more sites as superior quality (n=9) than

did ORAM (n=5).
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Correlationsamongfloristic index scoreare listedin Table3.5. Only VIBI and FAQWet were
significantlycorrelated (=0.39,p=0.037 Figure3.5), andonly after the removal of one site
GAOGK | /221 Q& RAAGI YOS same kizgCobdk, 197The site ik Y > g K S

guestion wagatherwet with a preponderance ofyphaspp.(cattails), but would not have

been considered an outlier based on visual inspection.

100 — 100 X
L ]

VIBI

20 | ® Emergent 20 o o Oe
o Shrub 30 .
04 X Forest 0- * °
T T 1 T T T T T T 1 T
30 35 40 5 10 15 20 5 10 15 20
AFQlI FAQWet FAQWet

Figure3.5. Scatterplots of floristic indiced.EFT: VIBI vs AFQHX85; p9.802. MIDDLE: VIBI vs

FAQWet; r=0.28; p=0.141. RIGHT: AFQI vs FAQWet; r=0.23; p=0.220. Lines are least squared fit. Solid
lines denote significant correlation (p<0.05). VIBI vs FAQWet was signifidgmfter one emergent

site, denoted by a upside dowiriangle € ), A G K | NBf I A @Ste KAIK /2271 Q4
removed. See Table 5 for additional statistics.
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Table3.5. Pearson correlation values (unless otherwise noted) between wetland assessments.

Floristic Indices

Parameters Mean (SD) VIBI AFQI FAQWet
Floristiclndices

VIBI 63.9 (16.7) - - -
AFQI 35.5 (3.8) -0.05 - -
FAQWet 10.6 (4.9) noHy 0.23 -
ORAM Assessment

ORAM 51.6 (9.3) 0.15 -0.04 0.44*
ORAMOrdinah - 0.12 0.11 0.28
ORAMSIze 4.2 (1.2) -0.09 0.25 0.01
ORAMBUuffer 8.4 (3.1) 0.01 0.05 -0.05
ORAMHydrology 15.8 (50) 0.13 -0.15 0.39*
ORAMHabitat 9.4 (1.9) 0.12 0.16 0.44*
ORAMVegetation 8.6 (2.3) 0.19 -0.14 0.44*
b/21la ! aasSaaySyidh

b/ 2! ahk - 0.05 -0.07 0.25
NCWAMI & RNER f 2 - -0.04 -0.03 0.33
NCWAM2 | G SNJ v - 0.06 -0.14 0.07
NCWAMI I o Al - -0.08 -0.17 -0.13

Significance dested as*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001
U {LISENXYIFY O2NNBfFiGA2y @I f dzSa NI
U WBignificant afte one sie was removed; r=0.39, p=0.037

The lack of correlatioamongfloristic indices implies that each indexaluateda different

aspectofthes S f | Y R Q deved tholghaliitre® yhdex scores were calculated from

the same vegetation coveragiata FAQWet scoresan beviewed as a richness metric

weighted by theli | Edffiltyi for saturated conditions, whilAFQI scoresan beviewed as

I NAOKYySaa YSGUNRO 6SA3IKGISR 0 &Thér&lde asiteayQa T A R
receive botha high FAQWet score and a low AFQI sifatés awet site colonized with

exoticinvasiveand ruderal specied/Bl is theoreticallya more robustassessmenin that
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the score ia summation of 10 metrics tha&valuatefunctional groups €.g.,dicot richness)
and community structureg.g.,pole timber density in addition to hydrophytic affinity and

floristic quality (recallablel.1).

Of the three floristic indices, FAQWet scores correlated most strongly with the rapid
assessmenscores (able3.5; Figure3.6). FAQWet was significantly correlatedsth ORAM

(r=0.44, p=0.08) and marginally correlated with NCWAdrology Spearmari ' n ®0 0 =

p=0.@80). Many rapid assessment methods empizasite hydrology metrics above other
parametersFor example, hydrology accounts otarger portion(30%)than any other

ORAM metricAlsothe NCWAMhydrologyparameterhad ahigher correlation $pearman
"Tnopns LFkndannamd GAGK (KS-wated Gublity orfNCWAM | a & 02
habitat scoresin this study. This emphasis on hydrology likely explairig/ the rapid

assessments corlated more strongly with FAQWetan index calculated using wetse

coefficientgs than with the VIBI or AFQI indices in our study

VIBI and ORAM scores were not significantly correlated in this stfudgtored wetlands
VIBI and ORAM have shown high levels of correlatiesy(iared values from 0.60 to 0.79)
for natural wetlands ack, 2006Micacchion et al., 2010yhilea fewrestoration projects
were sampled in the aforementioned studi€&%6 and 13%, respectively), a separate
correlation analysisontaining onlyrestorationprojectswas not reported A search of ta
existing literature also found ncomparison oIBl and ORAM result$ restoration

projectsonly. One study suggests that the physical disturbances associatedwsitand
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construction may bias rapid assessments that penalize habitat disturbaRGes (
Environmental 2012).The fact that 23out of 30sitesin our studywere rated higher by VIBI
than ORAMouldbe interpreted as corroboratinthis theory. Howeverpnly six sitehad
evidence ohighly disturbedsubstrate based on field evaluations of mpilé soil pits per

site.
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Figure3.6. Scatterplots of floristic index scores versus ORAM (LEFT) and NCWAM (RIGHT, jittered

horizontally to clearly display points) rapid assessment scbirss for ORAM pie are least

squared fit. Lines for NCWAM plots connect mean scores for low, medium and high NCWAM sites.
Solid lines denote significant correlation (p<0.@55  NE 2y NJ | y R

provided.SeeTable3.5 for additional statistics.
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Constrained Correspondence Analysis (CCA) Ordination

Gonstrainedcorrespondenceanalysis (CCAyrdination plots visually corroborated the
relationships between the floristic indices and the rapid assessments. The vectors
representing the floristic indices pointed in different directions, indicating that each
assessmengvaluated aifferent facet of the wetlandsegetation structurgFigure3.7). This
agreed with the previously mentioned low correlation among floristic indices (r€ahle

3.5 andFigure3.5). Coincident or opposing vectors would have indicated perfect cotiilyea

among assessments; orthogonal vectors would have implied no overlap of information.

The overlaid ORAM contours were perpendicular to the FAQWet vector, indicating
correlation between the two assessments. This agreed with the previously mentioned
correlation results between ORAM and FAQWet (retallle3.5 and Figure3.6).

/[ FGSIA2NAOLIE YR 2NRAYIf NYGAy3Ia &dzOK +Fa b/ 2!
represented using convex polygons that denote the akie ordination space of a given
rating. Nonoverlapping polygons would have implied the assessment can discriminate
based on the ordination results. Little discriminating power between NCWAM ratings and
the CCA ordination results was interpreted basedhlmoverlapping NCWAM rating
polygons. NCWAMydrology convex polygons (not shown), which had slightly higher
correlation with the floristic indices, also fully overlapped each other. These CCA plots
agreed with the previously mentioned nesignificant (g0.05) correlation between both

NCWAM and the floristic indices.
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Figure3.7. ConstrainedCorrespondencénalysis (CCA) pkSitessymbolsdenote wetland type.
Vectors indicatgositivedirection of floiisticindexscore gradient. LEFDverlaidORAM rating
contours from thin plate splinesava general additive modeRIGHT: Extent of NCWAM ratings
indicated by convex polygon hulls. Singular site that received an NCWAM low rating denoted by a
upside dowrtriangle (g ).

Sall

Field analysis B0 cmsoil pits indicated that six sitdgad highly disturbed soils froeither

the construction process or previous land use, with two of these sites lackingpgarent
soil horizons. All mitigation providevgere represented across these six sites. Two of these
six sites were located adjacent to a large retail store parkinmlah urban settingwhile

the other four were previously used for row crop or hay production before restoration.

Laboratory analysis of ogposite soil samples indicated thatdit of 22 soil parameterog
transformed)were significanly correlatedwith at least one of the floristic indic€¥able
3.6); however, no soil parameter was significant with all three flaristilices Both sand

and claysoil percentagesvere significantly correlate(hegatively and positively,
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respectivelywith VIBI (p<0.05) and marginatigrrelatedwith FAQWet (p<0.1), while

percent silt was not significant with any assessment.
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Table3.6. Median (rangg values and Pearson correlation val@esless notedpetweensoil parameterglog transformed) anéssessments,
n=30 unless noted.

Floristic Indices Rapid Assessmeni
Soil Parameter Units Median (Range VIBI AFQl FAQWet ORAM NCWAM
SoilOrganic Mattet % 2.5 (0.543.3) 0.01 0.33 0.14 0.16 0.04
Bulk Density glem® 1.1 (0.51.4) -0.07 -0.44* -0.21 -0.23  -0.03
Sand % 54.0 (30.680.0) -0.38* -0.17 -0.34 0.18 -0.27
Clay % 10.0 (3.6033.0) 0.41* 0.17 0.34 -0.01 0.26
pH-soif - 5.0 (4.06.1) -0.32  -0.47** -0.16 0.07 0.19
Buffer Index 6.6 (6.16.9) -0.31 -0.38* -0.36 0.08 -0.05
Cation Exchange CapaC|t) meq/lOOg 8.2 (2.420.0) 0.19 0.13 0.42* -0.05 0.18
Carbon:Nitrogematio® 12.8 (4.119.8) -0.21 0.31 0.12 0.13 -0.13
Carbor % 1.5 (0.29.5) -0.18  0.40* 0.21 0.07 0.03
Nitrogen % 0.1 (0.00.9) -0.14  0.46* 0.23 0.13 0.14
NG ppm 17.0(1.674.0) 0.26 0.16 0.28 -0.08 0.10

Phosphorusl (weak Bray) ppm 11.0 (2.6103.0) -0.31 0.11 -0.15 0.03 -0.26
Phosphorug? (strong Bray, ppm 20.0 (6.0132.0) -0.28 0.06 -0.10 0.01 -0.10
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Table 3.6Continued.

Floristic Indices

Rapid Assessments

Soil Parameter Units Median (Range) VIBI AFQI FAQWet ORAM NCWAM
Potassium ppm 52.5 (20.6116.0) -0.07 0.13 0.04 0.08 -0.14
Magnesium ppm 156.5 (39.6378.0) -0.02 -0.15 0.27 -0.10 0.13
Calcium ppm 639.5(202.41865.0) -0.03 -0.36 0.17 -0.07 0.38*
Sulfuf ppm 22.0 (10.647.0) 0.20 -0.04 0.22 -0.15 -0.05
Ziné ppm 0.8 (0.34.3) 0.00 0.07 0.28 0.01 0.09
Manganesé ppm 4.0 (1.0113.0) 0.36 -0.30 0.15 -0.03 0.34
Iron? ppm 83.0 (18.6285.0) -0.20 0.18 0.12 0.24 0.20
Coppef ppm 0.4 (0.22.2) 0.15 -0.13 0.34 0.01 0.21
Bororf ppm 0.3 (0.20.5) -0.33 023 0.25 0.37* 0.31

Significance denoted as *p < 0.05p*% 0.01; **p < 0.001; ****p < 0.0001

1 n=29. Correlations do not include one permanently inundated site with soil organic m&s&9s),

carbon:nitrogen (33.73nd carbon (29.7%)
2n=29 due to incomplete lab data
% No parameter transformationi,e., linear correlation
* Spearman correlation values reported for NCWAM

Phosphorusl is phosphorus that is readily avéila for plants. Phosphord isless soluble phosphoru

actingas a reserve in the soil.
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Table3.7. Median (range) values and Pearson correlation values (unless noted) beiveéenqualityparametersand other variableglog

transformed) and assessments.

Floristicindices

Rapid Assessment:

Parameters Units Median (Range)  VIBI AFQI FAQWet ORAM NCWAM
Water Quality Parameters (n=15):

Dissolvedxygen mg/L 5.3(0.28.1) -0.36 0.06 -0.42 -0.21 -0.50
pHwater - 5.6 (3.86.4) -0.11 -0.52* -0.28 0.00 0.14
Specificconductivity uS/cm 114.0 (22.72064.0) -0.50 -0.23 0.09 -0.02 -0.05
Total Kjeldahl nitrogen mg/L-N 1.0 (0.23.8) -0.10 0.61* 0.46 -0.20 0.46
NGO, + NG, mg/L-N 0.02(0.02-1.60) -0.05 -0.23 -0.49 0.22 -0.08
NH; mg/L-N 0.02(0.02-1.00) -0.27 0.47 -0.24 -0.13 0.23
Organiaitrogen mg/L-N 0.8 (0.23.7) -0.08 0.57* 0.51 -0.17 0.46
Phosphorus mg/L-P 0.1(0.61.2) 0.09 0.07 0.20 -0.25 0.59*
Other Parameters (n=30):

Site Age yr 8.0 (5.011.0) -0.16 0.16 0.03 -0.01 -0.11
Site Size ha 7.8 (0.2164.]) -0.11 0.34 0.10 0.17 0.08
Coefficient of Conservation - 3.6 (3.14.5) -0.05  0.97**** 0.30 0.05 -0.05
Wetness Coefficient - 1.7 (0.44.4) 0.00 0.40* 0.82%*** 0.46** 0.21
Landscape Development Inde - 1.3(1.64.3) 0.11 -0.34 -0.16 -0.23 -0.29

Significance denoted as *p < 0.05p* 0.01; **p < 0.001; ****p < 0.0001

! No parameter transformatiori,e., linear correlation
2 Spearman correlation values reported for NCWAM
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More soil parameters were significantly correlatgek0.05)with AFQIscores(5 parameters)
compared toVIBI (2 parameters) or FAQWaeiores(1 parametej. The fact that AFQI is a
measurement ohabitat quality maypartiallyexplain why more soil parametevgere
significantly correlated with the indegcatterplotsbetween AFQI and select soil
parametersare shown irFigure3.8. Unsurprisinglybulk densitywas highly collinear
(negativelywith soilorganic matter (r=0.73, p<0.0001) and percent carbon-075,
p<0.0001)therefore plots of eaclof theseparameterswould alsohaveindicated a strong
relationshipwith AFQIAlso, ritrogen was positively correlatedith AFQI scorewhile

phosphorusvas not
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[ ] ® O Shrub

X ° &« X Forest

AFQI

° °
° L4 ° ®
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Figure3.8. Scatterplots ofAFQIscores ersus select soil parametedsEFTAFQI vs bulk density
=-0.44,p=0015 MIDDLE: AFQI agrogen r = 0.46 p=0012 RIGHTAFQWsphosphorusr =011,
p=O0ppn® CAGGSR fAySa INB FTNRBY | adaé& I f AHOBLE Y2RS

ORAM and NCWAM scores indicated no significant correlation with physical soll

parameters For many rapid assessments, direct questions regarding soil texture or
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redoximorphic features are minimally developed or raxistent (Fennessy et al., 2007
NCWAM and ORAM eablveonly one soispecificmetric. NCWAM requires the assessor
to evaluate the soil texture, the presence of any redoximorphic features, andhehéte
soil is a peat or muckvhile ORAMNIy requires the assessor to rate tlevelof substrate

disturbance.

Soil organic matter (SOM) content is commonly measumagletland studiesas the
accumulation of SOM due to anaerobic substrate conditioaslifining feature in organic
soil wetlandsSOM values across 29 sites ranged froB%®to 12.2%, with a mean of 3.5%.
The remaining sampled site had a SOM value 43T3fi6 restoration was the only site that
appeared to be inundategearround, and was covered by approximately 50 cm of water
duringthe field assessmernit July, when watelevels are generally lawwhemean SOM
value of 3.86 was similar to reportecheanvalues of Virginia restoration projects (4.2% to
6.4%; Dee and Ahn, 2012) but was less than &@&hvalues reported in another North
Carolina study of restored and createetlands (11.8 3.9%; Bruland and Richardson,
2006). The SOM levels of restoration projects reported by Bruland and Richardson were

AAIAYATFTAOLyGte t26SNI KIy fS@Sfta 28@INDISR Ay

SOM was not significantly qetated withprojectagein our study though therelatively low
sampled valuegpfoject age range from5 to 11 yearsyvere likely not conduciveo
detectinga potential effect A sample with a wider project age range, or a sample that

captured the more apid structural changes that occur in the first years pamtstruction
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would likely indicate a larger effecdOM was, however, significantly higher in woody sites
(mean 4.9 3.8%, n=13) than iherbaceoussites (mean 2.4 1.9%, n=16) (ANOVAést,
n=29, p=0.03). Thisis likelydue o woody restorationgroducing detritus€.g.,leaves) at a
higher rate than herbaceous sitear elsehavinga larger amount ofegacy SOMShade

from trees is another potential explanation for the higher SOM content indycsites.
Increased shade can reduce soil temperatures and minimize evaporation, sustaining

saturated conditions near the surface for longer periods of time.

Water Quality and Other Parameters

Correlations between water quality samplésg transformedand assessment scorase

listed inTable3.6. Overall, fewer water quality parameters were significant with

assessments compared to soil parameters. This may be due to the smaller sample size, as
only 15 sites had suate water witha depth greater than 15 cm (per NWCA protocols) for
sampling. Also, eight out of the 15 water quality samples were ftoming water from a

stream, as opposed to standing surface water. It is possible that analytes measured within a
sufficiently large seam characterize the upstream watershed condition but do not

necessarily reflect the condition of the adjacent wetland assessment area.

Mean coefficient of conservation (C) values were positively correlated with AFQI scores
(r=0.97, p<0.0001). The rangkobserved mean C values was notably narrow (3.1 to 4.5)
compared to the potential range of O to 10. Based on VIBI metric criteria for tolerant (C

Gl tdzS X HO 2NJ ASyaAridArgs abolieGiteSviere dominaldd bydzS
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vegetation wih mean Gvalue ratings between tolerant and sensitivieis unknown
whether we can expect mean C valuesncrease over time at these restoration sites
However, dligate and facultative wet spedeichness valudsave been reported to

significantly ilcrease over time in restored wetlands (Nedland et al., 2007)

Mean wetness coefficient (WC) values were positively correlated with AFQI (r=0.40,
p=0.80), FAQWet (r=0.82, p<0.0001), and ORAM assessment scores (r=0.46, p=0.0099).
Mean WC values ranged frod¥ to 4.4 indicating thatno restored wetland was dominated

by facultative upland or upland species in this study.

Project @e had no significant effect on wetland assessment scores, likely because the
sampledrange (5 to 11 years) wasther too narrowor did not captured the more rapid
structural changes that occur in the first years poshstruction.Micacchian et al. (2010)
also reported no significant difference in VIBI scores on restored or created wetlands in

response to age.

Wetland size had nsignificant effect on wetland assessment scores. Both NCWAM and
ORAM metrics require the approximate size of the wetland to be entered, though only
ORAM explicitly awards more points to larger wetlands. There is debate on whether larger
wetlandssites arebetter than smaller wetlandsTrochlell and Bernthal (1998) provided a
synthesis of literature on small wetlands (<0.8 ha) across the nation, noting that

hydroperiod, soil composition, and landscape position are typically more important than
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size in deterrming the level of ecosystem functions provided. Steinhoff (2008) argued that
consolidation of wetlands the replacement of small, isolated, spatially distributed

wetlands with fewer, larger wetlancestoration projects threatens biodiversity of
amphibiansand waterfowl. Smaller wetlands typically have an increased shoreline to open
water ratio, which provides more nesting and feeding habitat for certain mammal and bird
taxa (Knight, 1992) and increases evapotranspiration (Miller, 1971). In North Carolina,
wetland impacts smaller than 0.40 ha do not require mitigation, though wetland impacts
larger than 0.1%ha on the eastern third (east ofterstate F95) of the state (0.04 ha on the
western twothirds ofthe state, west of-B5) require a combined NCDWQdArmy Corps

of Engineers Pr€onstruction NotificationNorth Carolina Administrative Code, 15A NCAC
02H .0508. In addition, North Carolina does not require isolated wetlands that are
impacted to be mitigated by another-kind isolatedwvetland. The Soeity of Wetland
Scientists stated that larger wetlands are generally preferred over smaller wetlands because
they provide habitat for species that do not survive in isolated wetlands (which are often
small in size), but make exceptions for wetlands witmaépools (found in NC) and the
mid-west prairie pothole wetlands (SWS, 2007). Large (>10€ek&jred or created

wetlands have been shown to approach equilibrium with reference sites more rapidly than

smaller projects (Morendlateos et al., 2012).
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LDI
Land developmentridex (LDI; Brown and Viva, 2088pres were not significaiyt
correlatedwith any assessment at the P05 level, but were marginaliignificant at the
p<0.10 leveWith AFQI scores (f8.34, p=0.062Table3.6; Figure3.9). The low correlation

between LDI and other assessments was attributed to an insuffisemplingof restored

wetlands adjacent to developed areas

' & OKIFNIOGSNAT SR o0& GKA& adidzRe Qbinawetlafd J S
restorationswere previously used for row crop or hay production. LDI scores have a
potential range of 1 to 10, with agricultural land use receiving a score of 3.7 to 4.5
(Miccachion et al., 2010).DI valuesbserved in this studsanged from1 to 4.3 Only three
wetlandg all permittee-responsible sites received an LDI scoebove 3.0 which has been
associated with severe degradation of the vegetative commuiigacchion et al., 2010)
LDI scores of permitteeesponsible sites were signidictly higher than idieu fee and
mitigation bank sites (Tukey peBbc test, adjusted p<0.Q5Thisimpliesthat permittee-
responsible sites are more likely be located in more developed areas, perhaps to
minimize the mobilization distance of large garhoving equipmentrom the project site
(where a natural wetland was disturbed) to the mitigation sgech a scenariwould help
ensure that the mitigation site is close to the disturbed wetland and therefore directly
benefits theimpactedregion. Howeer, restoring wetlands in developed areassh

additional challengesuch asncreased land costéimited connections to natural areaisat
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can serve awildlife corridors,and potentially higher levels of incoming pollutants
Impacted urban wetlandare @mmonlyreplacedwith rural mitigation sitesn some areas

of the U.S(Ruhl and Salzman, 2006).
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Figure3.9. Scatterplot of AFQI vs LDI. Pearsof134; p=0.062Fitted line from ordinary least
squares.
Conclusions

Both level 2 and level 3 assessment scores were not significantly predicted by mitigation
providers. That is]dristic indices VIBI, AFQI, and FAQWeats well as ORAM and NCWAM

scoreddid not vary significantly among mitigation providefweer, permittee
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responsible sites received significantly higher LDI scores tH#uifee and mitigation bank
sites.Also, ges dominated byherbaceous/egetation received significantly higher VIBI and
FAQWet scores than sites dominated by woody vegetafldis was attributed to a lack in

vegetation structural maturity due to the young age of the sampled population.

Overall, the correlations among the wetland assessments was low and not significant, with
the exception being between the FAQWet level 3zasment and level 2 ORAM and

NCWAM rapid assessmenWhile the correlation among assessment scores was generally
not significant, a majority of the restorations were rated as medium or higher quality by the
WTALWIBI, ORAM, and NCWAM assessments, @myg two sites were rated as low

quality with those three assessmentBased on these similar rating distributioreie may
concludethat assigning success or failuredgestored wetland can be performed

adequadely using a level 2 assessmewtth the moreresourceintensive level 3 assessment

reserved forquestionable sites.
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Chapter 4:.Conclusios

RestoredStreams

Field inspectionndicatedthat the overwhelming majority of the surveyatiteam

restorations were geomorphologicakyable, with only isolated incidences$ failed in-

stream structures, bank instability, or excessive wtédnnel bars indicating the inability to
transport sediment effectivelyThese geomorphological aspects were accurately assessed
by theNorth Carolina Stream Assessment Method (NCSAM) hydrodtigg; only 3 sites

(5%)receiveda low rating and 46 (73%gceiveda high rating.

NCSAMvater quality ratings were not significantly correlated with watershed impervious
area.Ilncreased impervious area has been repeatedly shown to have a negative gorrelat
with many water quality parameters. Water quality samples for subsequent laboratory
analyses were not collected in this study, so correlatialues between NCSAMater

guality rating and various water quality analytes such as nutrienpatirogensare not
known. However, the lack of correlation between NCSAdler quality ratings and
impervious area which was found to be negatively correlated witores froma benthic
macroinvertebrate assessment applied to all of the gitesay indicatea limitationof the
NCSAMwvater quality metricAs NCSAM is a visual assessniéig, limitation is likely due to
the inability ofassessorto directly detect the microscopic constituents such as nutrients or
pathogens that impair water quality. This limitation hagbeshown to exist in other visual

based rapid stream assessments (Hughes et al., 2010).
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NCSAMnabitat ratings correlated most strongly with scores from the benthic

macroinvertebrate assessmeperformed in ripple areas within theeach This indicates

that NCSANMnhabitat ratings accurately evaluated thiedz £ A (0 & 2 fin-stier® & G NBI Y Q
condition. Note that whileNCSAMhabitat evaluates both kstream and streamside.€.,

buffer) areas, irstream habitat appeared to be weighted more higtilgn streamside

habitat based a correlation analysis.

NCSAM is unique compared to other ecological stream assessments in that it produces
multiple functional ratings in addition to an overall site rating. Multiple output ratings allow
for projectspecific goals such aediment reduction, water quality improvement, or habitat
revitalization to be assessed maaecuratelythan by relying on araggregatedverall score.
For example, success of projesgecific goals such as sediment reduction or habitat
revitalization wauld be more accurately determined via NCSAirology and NCSAM

habitat ratings (respectively) rather than the NCSéWérall rating.

Based on the results of this study, NCSdrology ratings accurately assessed
geomorphological parameters of concern buas bank stability and sedimentation, while
NCSAMhabitat ratings accurately evaluated the condition of thestream substrate and
habitat. The accuracy of NCSAdter qualitywas questionediue to the lack of negative
correlation with watershed impervigs area Assuming g@athogenicwater quality issue has
beenpreviouslydocumented for a given stream, reliance on any visual assessmethiod

to accurately determine whether wateuality has improved or nahaybe ill advised.
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NCSAMnabitat ratings appei@d to be weighted less than NCSAdter quality and
NCSAMhydrology ratings as far as determining the NCSAMgrall rating. This is
unfortunate given that only NCSAN&bitat ratings were significantly correlated with
ephemeroptera, plecomra, and trichopera (EPT) macroinvertebrate taxa. An increase in
the weighting of NCSAMabitat at the expense of NCSANater quality may produce a

more robust NCSAMverall rating.

The relationship betweendnthic macroinvertebrate scorend watershed impervious area
for restored streams was also analyz8dnthic macroinvertebrate scores decreased
exponentially as impervious area increas&tis result mirrors that which has been

documented in natural streams

However, when the sample was stratified by ecoregion,gkponentialpattern held only
for Mountain and Piedmont site®Vithin the Coastal Plains,anroinvetebrate scores in
restored streamslecreased initially in response to impervious areas, only to increase at

impervious area levels above 15%. The increess

minor yet significant. NCSAMsimeam
habitat ratings also indicated a positive, significant correlation with impervious area for
Coastal Plain sites. We attributed this positive relationship between watershed impervious
area and irstream habitat raings to an increase in engineered habitat in response to urban
lateral constraints. We further argue that this apparent increase in engineered habitat was
responsible for the minor increase in certain macroinvertebrate scores within the Coastal

Plains. Anther macroinvertebrate metrit indicator taxa did not increase at high levels of
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impervious area in Coastal Plain sites. This indicates that halasbpposed to water

qualityt likelyimproved in response to additional-stream structures.

We argue thatlie increased macroinvertebrate scores were only observed in the Coastal
Plains due to the homogeneity of bedform that dominates that ecoregion. Piedmont and
Mountain streams naturally have some level of bedform and flow regime diversity due to
the moderateto high levels of elevation relief. Coastal Plain streams, with their low
elevation gradients, are characterized by a lack of bedform and flow regime diversity.
Therefore, the addition of stream structures had a larger, measurable effect on the flow

dynamics in the Coastal Plains than in other ecoregions.

While the addition of irstream structuresvaslinked to an increase in certain intolerant
macroinvertebrate taxa scores in low gradient streams, the benefits to the biological
communitywere relatively small andlid not constitutea panacea forthe s@ I f £ SR & dzND |
AO0NBFY a@8YyRNRYS®E b2 NI ¢ 2suetrRstrickiSs aloiyR aingle 2y 2 F
100 m reachfor instancepe expected to have a measurable effect on water quality at the

watershedscale.

The selected method of energy dissipatiolengthening of the stream due to meandering
bends vs. vertical dropsis largely a product of the specific site conditions. Increasing a
NE&G2NI GA2Yy Q& &AY dz2 & Asiréam dtdp Rtdr@drSsby iSckeasifiy R A (i dzNB 3

expenditures on land purchased for a wider rigitway. Urban sites with existing
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infrastructure and higher land values preclude a high stream sinuosity, while rural sites with
lower land values make 4stream structures a bonus rathéran a required design feature.
Results from this study indicate that@tream structures can increase bedform habitat and
EPT taxa scores in low elevation gradient, homogenous bedform streams. Additional
research may indicate that specific water quapgrameters such as dissolved oxygen and
temperature are also improved due to the addition ofstneam structures in low gradient

systems.

RestoredWetlands

The majority of the 30 surveyed North Carolina restored wetlands appeared to be stable
and functioal, with the understanding that all of the sampled sites were relatively young
and, for the forested wetlands, still decades away from vegetation structural maturity.

| 26 SOSNE MM NBald2Nl GA2ya ootm20 SNB NI GSR
Tiered Aquatic Life Uses (WTALU) floristic assessment, leaving room for improvement.
Overall, the rapid assessments ORAM and NCWAM rated the wetland restorations more

highly than the WTALU assessment.

Floristic indices VIBI, AFQI, and FAQWeds well as @AM and NCWAM scores were not
significantly different among mitigation providers. However, permittesponsible sites
received significantly higher LDI scores thahdn fee and mitigation bank sites. Sites

dominated byherbaceous/egetation received gnificantly higher VIBI and FAQWet scores
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than sites dominated by woody vegetation. This was attributed to a lack in vegetation

structural maturity due to the young age of the sampled population.

While not widespread, four areas for improvement in the laatl restoration or design
process were observed) Appropriate planting listsAt a few sites, the planted trees
displayed poovigor, most likely due to site conditions being too dry for the planted taxa.
Acceptable soil saturation conditions will vdorgsed on intended wetland type. Therefore,
unique planting lists should be selected with the designed saturation conditions of the site
in mind.2) Minimize soil disturbanceHghly disturbed soils froreither the construction
process or previous land us&s observed at six siteswd of these sitedid not have

apparent soil horizons. Stockpiling topsoil during any excavation and using tracked
equipment can help maintain natural soil stratification and reduce soil compaction,
respectively 3) Adequate wefand setbacksAt least one site was adjacent to a large,
incised river that was likely producing a lateral drainage effect on the assessed area. This
site was rated Low and Restorable by NCWAM and WTALU, respectively. Nearby incised
streams and ditches shild be field identified during the site selection process, and the
extent of their lateral suksurface affects modeled using field measurement of the channel
and the adjacent soil conditions before the wetland restoration boundary is determisgd.
Incorporating stream restorations Three of the wetland restoration projects included a
concurrently restored stream with notably low water levels or herbaceous wetland

vegetation within the channel bed. A review of aerial imagery dating back to 1994 indicated
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no stream was previously located where the restored stream currently was. The alignment

of these stream restorations did not appear to coincide with the prevailing contours of the
landscape, which likely accounted for the low stream water levels obsetvibese three
AAGSad 5SOALGA2Y FNRBY | aGNBIFIYQa KAAG2NAOL f

creation of ephemeral or intermittent channels.

Streams and wetlands are each a complex suite of biogeochemical procEssesluction

of an entire ecgysteminto a solitary numberife., score) entails the loss of information. As

an alternative to using a single success criterion tied to an overall assessment score, the
establishment of success criteria across multiple ecological faegisflood cortrol,

habitat structure, biotic communities, etc.) may be a more effective way to evaluating
restoration projectsThis framework of multiple success criteria, each with a defined
minimum threshold, mirrors the multiple criteria required to meet the jurittbnal

definition of a wetlandEcological assessments like NCSAM and NCWAM that individually
rate certain ecological facets in addition to producing an overall site rating would help ease

a transition from a single success criterion to multiple successria.

As more land is developeparticularly in thesoutheast United Statestream and wetland
NBalu2Nl GA2y oAttt O2yidAydzS (42 6S I ONRGAOIT L
ecosystems3reams and wetlands provideoth biotic ecosystemexviceg increase

habitatand support nutrient cycling and abiotic ecosystem services such as regulating

flooding or reducing excess sediment transpétbwever biotic and abiotic assessment
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resultsmay disagregespecially with sites located in highly ééped areas. Camued
research that identifieselationshipsbetweenindicator specieshabitat, and environmental
factorswill better allow ecologists and agencigspredict the functional potential of a

given restoration project.
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AppendixA: North Carolina Stream Assessment (NCSAM)

FigureA.1. NCSAMield form.
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NC SAM FIELD ASSESSMENT FORM
April 12, 2011

USACE AID #: OW0 #:

INSTRUCTIONS: Aftach a skeich of the assessment area. Attach a copy of the USGS 7.5-minute topographic quadrangle, and circla the
location of the stream reach under evaluation. |If multiple stream reaches will be evaluated on the same property, identify and number all
reaches on the altached map, and indude & separale form for each reach. See the NC SAM User Manual for detailed descoriglions and
axplanations of requested information,

Note evidence of stressors affecting the assessment area (may not be within the assessmant area).

PROJECT { SITE INFORMATION:

1. Project Name (if any): 2. Date of evakmation:

3. ApplicanliCwner fanme: 4. ASHESS0T name organizaton:

5 MC SAM Zone:  [JOuter Coastal Plain (O] 6. County:
Oinner Coastal Plain (i) 7. River Basin:
OPiedmant (P} 8. Mearest namad water body on USGES 7.5-minute quad:
[OMountains (M)

9. Site coordinates (decimal degrees, &t bower end of assessment reach);

STREAM INFORMATION:

10 Site number (show on atlached map): 11. Length of assessment reach evaluated (Teet):

12, Channel depth from bed (in nffke, If prasent] to bankiull {feet): [OuUnable io assass channel depth.

13. Channel width at top of bankfull (faat): 14. s assessmant reach & braided channel? [JYes (ko

15. Feature type: OPerannial flow 16. Size of watershed draining  [JSize 1 (< 0.1 mi¥)
Clintermittent fiow wolmer avd d Esessment  [Size 2 (0.1 to < 0.5 m)
[CITidal waters (lurar or wind) reach: [skip for Tidal Csize 3{0.5 to < 5 mi)
[OTidal Marsh Stream Marsh Stream) OSize 4 (= 5 mi')

[OMCoWa Stream |dentification Form complated. Score:

17. Estirnated geamonphic L S
wl by hape ( skip for Tidal LA el e
Marsh Stream): [more sinuous stream, flatter valley slope) (less sinuous stream, steaper valley slope)

14. Does channel appear on USOA Soll Survey? [(ves Mo 19. Does channel appear on USGS 7.5 minute guad? [Ives (Mo
Additional Information:
20. Were regulatory considerations evaluated? [T¥es [JMo If Yes. check all that apply.

OSection 10 water [CPrimary Mursery Ares Owater Supply Watershed (1 O O O Oy
CIEssential Fish Habitat CRiparian buffer rule in effect Clowistanding Resource WatersiHigh Quality Waters
CPubdicly owned propearty [J303(d) List [ICAMA Area of Environmental Concam (AEC)
Olanadromous fish OMutrient Sensitive Waters ODessgnated 'Wikd and Scenic River
CClassified Trout Walers
ODocementad presance of a federal andior stade listed profected species within the assessment area,

List species:

ODasignated Critical Habitat {kst spacies)

1. Channel Water — assessment reach metric
Oa \Water throughout assessment reach.
e Me Naw, waler in poals orily,
ac Mo water in assessmant raach.

2. Recent Weather - watershed metric
For Size 1 or 2 strearmns, D1 droughl or hagher is considened a drought; Tor Size 3 or 4 sireams, D2 droughl or higher is consadered a
drought
Oa Drought conditions and no rainfall or rainfall not exceeding 1 inch within the last 48 hours
Os Drought conditions and rainfall exceeding 1 Inch withén the last 48 hours
L N droughl condilions

3. Feature Pattern - assessment reach metric
Oa A ragonity of the assassment reach has altered pattern (examples: straightaning, relocation, modification above or below culvert).
(i} Mot & & channel can have been dredged bad nol siraightened and still rabe an “A°

4. Feature Longitudinal Profile — assessment reach metric
Oa Majority of assessment reach has & substantially allered stream prodile (examples: channel down-cutting, existing damming, over
widening, aclive aggradalion, dredging, and mining where approprigle channel profile has nol reformed rom any of hese
disturbances)
O8  Mota

5. Signs of Instability - assessment reach metric
Consider only current instability, not past evenis from which the stream has currently recowered. Examples of instabiity mclude
active bank faillure, active channel down-cutting (head-cuf), active widening, and artificial hardening [such as concrete, gablon, nip-rag).
Thee todal length of both banks is 1009,
Ca = 10% of banks unsiable
Oe 10 to 25% of banks unstable
Oc = 25% of banks unstable
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10.

Streamside Arealintertidal Zone Interaction — streamside arealintertidal zone metric

Considar for the Left Bank (LB) and the Right Bank (RBE).

LB RBE

Oa Oa Litthe or no evidence of conditions that adversely affect reference interaction (Tidal Marsh Stream examples: mowing or
burming of vegetation)

e Oe Moderate evidence of conditions that adversely affect reference interaction (floodplain examples: Emited floodplain
access, disruption of flood flows through Roodplain) (Tidal Marsh Stream examples: limited marsh access, possibly from
leaky or nbermitlent bulkheads, causeways with Noodplain consirction, minar ditching [including mosquite ditching]) or
disturbances that prevent minor loods (down-culting, aggradation, dredging) from appropriate ineraction,

Oc Oc Extensive evidence of conditions that adversely affect reference interaction (little fo no floodplainfintertidal zone access
[causeways with floodplain and channel constriction, bulkheads/retaining walls, fill, stream incision, disruption of flow
fows through floodplainimarsh] or too much floodplainfintertidal zone access [mpoundmaents, intensive mosquito
ditching]) or Noodplainfnlberidal 2ome unnaturally absent

Evidence of Flow Restriction — assessment reach metric
& For non-tidal streams: evidence of flow obstruction that adversely affects in-stream habitat or riffle’poc sequence in at least 10%
of the assessment reach or channal is filled to the paint of obstructing flow or channal is choked with aquatic macrophytes or
water ponded, For tlidad sireams: extensive evidence of flow restriction gr impoundment on flood or ebb within the assessment
o reach (examples: undersized or perched culverts, causeways that consirict the channel, tidal gates).
B Mot A

Water Quality Stressors = assessment reachiintertidal zone meftric

Check all that apply.

Oa Discotored water in stream or intertidal zone (milky white, blue, unnatural water discoloration, oil sheen, stream foam)

e Excessive sedimentation (burying of stream features or intertidal zone)

Cic Moticeable evidence of pollutant discharges entering the assessment reach and cawsing a water guality problem

o Cdar (not mcluding natural sulfide odars)

CE Current published or collected data indicating degraded water gualily in the assessment reach, Cite source in the noles section
OF Livestock with access to stream or intertidal zone

Oa Excessive algae in stream or intertidal zona.

[CH Degraded vegetation (removal, burming. regular mowing, destruction, atc)

C Signs of Instability (5) s a C

(| Other:
(4 Little o no siressons

Large or Dangerous Stream — assessmaent reach metric
Oves OMo 15 stream is oo large or dangemus o assess? I Yas, skip o 13 (Aquatic Life),

Hatural In-stream Habitat Types — assessment reach metric
10a. [JYes [OWo  Degraded in-stream habitat over majority of the assessment reach (examples: excessive sedimentation, mining,
bank hardening [rip-rap is an example of hardening], recent dredging, and snagging)

10b. Check all that occuwr (occurs if > 5% coverage of assessment reach)

Aquatic macrophytes and agquatic mosses (include liverworts, lichens, and algal mats)
Sticks andlor leaf packs

Snags and bogs (including lap trees)

Undercut banks andior root mats andfor roots in banks extend (o stream bed

Oysters or other hard bottoms

Low-tide refugia (pools)

Sand bottom

Verlical bank along the marsh

Litthe or neo abitat

0 o o o

O

Badform - assessmant reach metric
1a. Oves [OMo  Does the majority of thi assessment reach have a nateral bed substrate (evaluate for Tidal Marsh Streams
only|?

11b. [J¥es [Mo Is assessment reach in a natural sand bed stream?

11e. Select characteristic bediorm of the assessment reach (skip for Tidal Marsh Streams),
Oa Riffles andior pools or step pools.
Oe Homogeneous bedform (if “B," skip o 12),
11d. In riffle sections, check all that occur below the normal welted perimeter of the assessment reach — whether or ot submerged (skip

for Tidal Marsh Streams and Size 4 streams in the Coastal Plain). Rare (R) = present but = 10%, Commaon (C) = > 10-40%,
Abundant (&) = = 40-T0%, Predominant (P} = = T0%.

i

Bedrockisapralite

Baoulder

Cobble

Gravel

Sand

Silt

Dedritus

Man-made (rip-rap, concrete, etc.)

11e. Oves [OMo  In pool sections, are pools filling or filled with sediment {skip for Tidal Marsh Streams)?

Oooooooo

I [
o o o
o

REMAINING QUESTIONS ARE NOT APPLICABLE FOR TIDAL MARSH STREAMS™ ™
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12.

13.

14.

16.

1T.

REMAINING QUESTIONS ARE NOT APPLICABLE FOR TIDAL MARSH STREAMS

Agquatic Life - assessment reach metric (skip for Tidal Marsh Streams)
12a. (Jves [OMo  Was an in-stream agquatic life assessment performed as described in the User Manual?
If Mo, select one of the following reasons and skip to 13. [JMo Water [JOther:

12b. Oves [OMo  Are aquatic organisms present in the assessment reach (look in riflesiipples)? If Yes, check all that apply, If No,
skip to 13.

=1 Mumbers cwer columns refer to Sindividuals™ for 1 and 2 streams and “taxa” for size 3 and 4 streams.
Cladutt frogs
[ClAquatic repliles
uatic macrophytes and aquatic mosses (include liverworts, lichens, and algal mats)
[JBestles
ClCaddisfly larvae (T}
[Clasian clarm | Corbicula)
[CJCrustacean (isopod/amphipod/crayfishishrimp)
[CJCamsaifly and dragonfly larvae
Obipterans
[CIMayfly larvae (E)
CMegaleptera (alderly, fishily, dobsonfly larvae)
[Ontidgesimasquit karvae
CIMasquita fish (Gambusia) or mud minnows (Umbra pygmaea)
COMusseaisiClams (not Corbiceda)
Clother fish
[CJsalamanderstadpoles
[Osnails
[JStonedly larvae {P)
[CITipulid larvas
rrmsleeches

Streamside Area Ground Surface Condition — streamside area metric (skip for Tidal Marsh Streams)
Consider for the Left Bank (LB} and the Right Bank (RB). Consider storage capacity with regard fo both owerbank flow and wpland
runoff.

OOOOo0OO0o0oo0oooooooog -~

s (my Lirthe or no alteration to water slorage capacity over & majority (> 50%) of the streamside area.

e Oe Moderate alteration 1o water storage capacity over a majority (> 50%) of the streamside area.

Oc Oc Severe alteration to water storage capacity over a majority (> 50%) of the streamside area (examples: ditches, fill, soil
compacton, livestock disturbance, buildings).

Streamside Area Water Storage — streamside area metric (skip for Tidal Marsh Streams)

Consider for the Left Bank (LB) and the Right Bank (RB) of the streamside area.

LE RE

Oa Oa Unaltered gr majority of streamside area with depressions able to pond water 2 & inches deep
e e Majority of streamside area with depressions able to pond water 3 to 6 inches deep

Oc Oc Majority of streamside area with depressions able to pond water < 3 inches deep

Watland Presence - streamside area metric (skip for Tidal Marsh Streams)
Consider for the Left Bank (LB) and the Right Bank (RB), Do nol consider wellands outside of watershed or within the nosmal wetled
perimeter of assessment reach.

LB RE
Oy Iy Are watlands presant in the streamside area?
OM  [OM

Base Flow Contributors — assessment reach metric (skip for size 4 streams and Tidal Marsh Streams)

Check all contributors within the assessment reach or within view of and draining to the assessment reach.

& Jurisdictional discharges

Oe Paonds (include stormwater basins: do nol include sediment basing or dry detention basins)

Oc Ciostruction passing Mow dusing low flow periods within the assessment afea (beaver dam, leaky dam, botlom-release dam, weir)
o Wetlands present in the streamside area

IE Evidence of bank seepage or sweating (iron in water indicates seepage)

LIF Siream bed or bank soil reduced (dig through deposited sediment if prasant)

O3  Mone of the above

Base Flow Detractors — assessment area metric (skip for Tidal Marsh Streams)

Check all that apply.

Oa Evidence of waler withdrawals from the assessment reach (includes areas excavated for the purpose of installing a pump)
Oe Castruction not passing Now during low fow periods affecting the assessment reach (ex: walerlighl dam, sediment deposit)
e Urban stream (= 10% mpervious surface for walershed)

o Moticeable evidence that the stream-side area has been modified resulting in accelerated drainage into the assessment reach
LIE Channal has been deepened to parmanent water table

OF Assessment neach relocated o valley edge

O&  Mone of the above

Shading (skip for Tidal Marsh Streams)

Consider aspecl. Consider Teal-on” condition,

Oa Stream shading is appropriate for stream type (may include gaps associated wilh nalural processes)
e Degraded (example: scatterad trees)

Oc Stream shading is gone or largely absent
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19,

21.

25.

Buffer Width - streamside area metric (skip for Tidal Marsh Streams)

Consider “vegetated buffer” and “wooded buffer” separately for left bank (LB) and right bank (RB) starting at the top of bank out
to the first break.

Vegelated  Wooded

LB RE LE RB

Ox Oa Oa Oa = 100-feel wide or extends o the edge of the watershed

O O COs Os From 50 to < 100-feet wide

Oc Oc Oc Oc From 30 to < 50-feat wide

o o Co Qo From 10 to = 30-feet wide

[Je O [OE [E = 10-feet wide

. Buffer Structure — streamside area metric (skip for Tidal Marsh Streams)

Consider for left bank (LB) and right bank (RB) for Metric 19 (Vegetated Buffer Width).
LB RB

Oa Oa Mature lorest

s Oe Man-mature woody vegetation or modified vegetation structure

cc cc Harbaceous vegetation with or without a single line of trees

o ] Maintained shrubs

JE E Little ar no vegetation

Buffer Stressors — streamside area metric (skip for Tidal Marsh Streams)

Check all appropriate boxes for left bank (LB) and right bank (RB). Indicate if listed stressor abuts stream (Abuts) or if not abutting but
within 30 feet of stream (< 30 feet). If no stressors, check no boxes

Abuts < 30 feet

LB REBE LE RB

(a Ca Oa Oa  Active row crops

e O [Oe OB  Maintained turf

Oc Oc [Oc Oc  Pasture (no ivestock)

Oo Oo [Oo Oo  Pasture (active livestock use)

. Stem Density — streamside area metric (skip for Tidal Marsh Streams)

Consider for left bank (LB) and right bank (RB) for Metric 19 (Wooded Buffer Width).

LB REB

Oa  DOa  Medium to high stem density

Oe Os Low stem density

Oc Oc Mo wooded riparian buffer ar pradominantly herbaceous species or bare ground or Metric 20 (Wooded Buffer Width) is
“E"

. Continuity of Vegetated Buffer — streamside area metric (skip for Tidal Marsh Streams)

Consider whether wvegetated buffer is continuous along stream (parallel). Breaks are areas lacking vegetation = 10-feet wide. If rated *E”
for Metric 20 (Vegetated Buffer Width) or rated “Abuts”™ for Metric 21 (Buffer Stressars), then rate “C” here.
LB RE
Oa The total length of buffer breaks is < 25 percent,
Oe Oe The total length of buffer breaks is between 25-50 percent.
Oc Oc Ther tatal length of buffer breaks is = 50 percent.

. Vegetative Composition = streamside area metric (skip for Tidal Marsh Streams)

Assass the dominant wegetation within 100 feat of each bank or o the edge of the watershed (whichever comes first) as it contributes to

assessment reach habitat.

LB RB

Oa Oa ‘Vegetafion is close to undisturbed in species present and their proportions. Lower strata composed of native species,
with exotic species absent or sparse,

O =] Vegetation indicates disturbance In terms of species diversity or proportions, but is still largely compaosed of native
species,  This may inclugde communibes of weedy native species thal develop after clear-cutling oF clearing of
communities with axolic species present, bul nol dominant, over a large portion of the axpected strata ar communities
misging understary but retaining canopy treas.

Oc Oc Vegetalion is severely disturbed in terms of species diversity or proportions. Mature canopy is absent or communities
with explic species dominant over a large portion of expected strata or communities composed of planted stands of
non-characteristic species or communites inappropriately composad of a single species or no vegetation.

Conductivity — assessment reach metric (skip for all Coastal Plain streams)
27a. Cves [ONo  Was conductivity measurement recorded?
If Mo, select one of the following reasons, o Water [JOther:

27, Check the box corresponding to the conductivity measurement (units of microsiemens),
Oa =214
O  79to<214
Odc &fte=<79
o 46to=67
Oe < 4B

Motes:
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FigureA.2. NCSAM inpubutput flowchart for a Pa2 (Piedmorginuous, small watershed) classified
stream
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MEC 5AM Stream Rating Sheet
Accompanies User Manual Version 1.0
Rating Calculator Version 1.0

Slream Sile NMarmeSample Sila Diale af Evalalbion B22011
Strearn Typa Mb2 Azsessor NamelDrganization Agency
Wotes of Fiald Assessmant Form (YIN) NO
Presanca of regulatory considarations. /) [e]
Additional stream nformationisupplementary measuremants includad (YiM) MO
NC SAM feature type (parennial, intermittant, tidal) Perannial
Class Function Rating Summary Al Sireams  Interrmittent
{1} Hydrology MEDILUM WA
(2) Basellow HIGH MA,
() Flood Flow MEDIUM WA,
(3] Streamside Area Attenuation Low WA
{4) Floodplain Acoess MEDIUM MA
(4) Wooded Riparian Buffar LOw A,
{4) Micratopograghy M M
{3} Stream Stability HIGH MA
(4) Channal Stability HIGH WA
(4) Sedirnent Trarsport HIGH M,
(#) Stream Geomorphokogy HIGH MA
(2) Streamintertidal Zona Interaction MNA Na
(2} Longitudinal Tidal Flow MA NA,
(2) Tidal Marsh Straam Stability MA MA&
{3) Tidal Marsh Channal Stability MA WA,
{3) Tidal Marsh Stream Gearmarphology MA NA
1) Water Guality HIGH MA
(2) Baseflow HIGH WA,
(2) Streamaide Area Vegetation MEDIUM MA,
{3) Upland Pollutant Filtration HIGH MNA
{3) Thermaregulation Low M
(2} Indicabors of Siressons MO A
(2) Aguatic Lifa Tolarance HIGH WA
[2) Intertdal Zone Filtration M My
{1) Habitat MEDIUM M
(2} In-straam Habitat HIGH NA,
{3) Baseflow HIGH (T
{3} Substrate HIGH My
{3) Stream Stability HIGH MA,
{3) In-stream Habitat HIGH My
(2) Stream-side Habitat Low MA,
{3) Stream-side Habitat LOwW NA,
{3) Thermaregulation Low MA
() Tidal Marsh In-siream Habitat A WA,
{3) Flow Restriclion MA N&,
{3) Tidal Marsh Stream Stability MA M,
{4) Tidal Marsh Channel Stabiity MA NA,
(4) Tidal Marsh Straam Gaomonphalogy MA MA
{3} Tidal Marsh In-straam Habitat MA WA
(2} Intartidal Zona Habitat NA WA,
Ovaral MEDIUM MA

FigureA.3. NCSAM sample output for a mountain stream.
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Appendix B: North Carolina State University Stream Restoration Evaluation Assessment

Form: BenthidVacroinvertebrate Field Form

FigureB.1. NCSU macroinvertebrate field form
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Team 2 — Macroinvertebrates, Refuge and Cover

Stream Name:

Location:

Team Members:

Date:

Cover types (range from 1-4 for each cover type)

Undercut Banks

Leaf Packs
Overhanging Vegetation
Rootmats

Pools = 2 feet

Rootwads

Boulders

Oxbows, backwaters
Aquatic macrophytes
Logs or Woody Debris

Table 6. Scoring Criteria for overall stream cover assessment,

Score Parameter Deseription
0 Excellent = T5% of reach
& Good 25 — 75% or reach
4 Fair 5 — 25% of reach
1 Poor < 5% of reach

Table 7. Cover and Refuge Evaluation (select appropriate score for each category and note on right)

Parameter Excellent (10) Good (6) Fair (4) Poor (1) Score
a. Cover Type =30 20-30 10-20 < 10
b. Owverall Cover % =T5% 25-75% 5-25% < 5%

Final Score (copy to table 19)
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Benthos

Table Ia. Biological Parameters (select appraprigie score for each category and note on right

Total # of abundant taxa® =17 12-17 611 <
Mo, of abundant EPT taxa® =15 10-15 59 <5
EPT Abundance =73 49-73 25-48 <25
Abundant taxa in common (%) =75 50-75 25-49 <25
%o shredders and predators >25 15-25 5-14 ]
Mo, of indicator taxa** =10 f-10 3-5 <3

#will be dependant on stream size
**indicator taxa are those organisms that reflect stable habitat

Final Score {copy to table 19)

Tarble 19, iect Evaluaiion

Channel Bedform condition (team 1) 5-20 From tahle 4
Condition Dominant Substrate Material (team 1) 3-12 From tahle 3

Cover and Refuge (team 2) 2-20 From tahle 7
Bank and Streambank Stability (team 1) 6-24 From table &
Riparian Riparian Vegetation (team 3) 5-20 From table 14
Habitat Floodplain Condition {team 3) 7-24 (28)* | From table 15
Aquatic Insects | Total Community Structure (team 2) 5-20 From table 16
Instream Structure Function (team 1) 5-20%* | From tahle 1§
Structures Structure Condition (team 1) 5-20%* | From table 18

Final Score | | 43180 | |

*Urban Streams only
#*Scores based on the first five functions and conditions, scores are variable for each of the projects
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Worksheet 5 — Aquatic Insects (for table 16).

List of Abundant Taxa

Mayflies Reference Restored
Stoneflies Reference Restored
Caddisflies Reference Restored
Other Taxa Reference Restored

Total No. Abundant Taxa

Taotal M. of Abundant EPT Taxa

EPT abundance
Abundant Taxa in Common

% Shredders and Predators

No. of Indicator taxa

Shredder/Predator Indicator
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Appendix C: Additional Stream Analyses

TableG-1. Benthic maminvertebrate and NCSAM scores for all sites.

Benthic Macroinvertebrate Scores NCSAM Ratings
Watershed No. of EPT No. of No. of  Shreddes Water .
Urban/ Impervious Age Abundant Abundance Abundant Indicator & Overall  Hydrology Quality Habitat
Site Ecoregion Rural Area (%)  (yr) Taxa EPT Taxa Taxa Predators

NGO1 Piedmont Urban 16.7 10 5 0 0 0 20 High High High High
NGO02 Coastal Plains Urban 20.0 0 6 10 1 0 44 Medium  Medium Medium Medium
NGO03 Piedmont Rural 1.7 5 11 31 7 4 30 High High High High
NGO04 Piedmont Rural 1.4 1 10 39 6 2 18 High High High High
NGO05 Piedmont Urban 38.9 7 4 10 1 0 20 High High High High
NGO06 Piedmont Rural 0.4 2 6 90 6 6 23 High High Low High
NGO7 Piedmont Rural 0.4 2 7 108 7 9 26 High High Medium High
NG08  Mountains  Urban 14.5 0 5 32 3 1 0 Medium  Medium  Medium Low
NGO09 Piedmont Urban 15.6 7 4 1 0 0 33 High High High High
NG10 Coastal Plains Rural 0.2 5 6 0 0 0 0 High High Medium Low
NG11 Coastal Plains Rural 0.4 7 7 0 1 0 12 High High High Low
NG12 Coastal Rins Rural 10.0 10 0 0 0 0 20 High High Medium Low
NCG13 Coastal Plains Urban 16.9 5 3 11 1 0 50 Medium  Medium High High
NG14 Coastal Plains Rural 1.6 4 5 20 2 2 25 High High High Low
NCG15 Coastal Plains Urban 323 1 5 20 2 0 37 Medium  Medium  Medium Low
NG16  Mountains Rural 0.3 9 18 89 11 9 33 High High Medium Medium
NG17  Mountains Rural 2.3 3 12 80 9 5 20 Medium  Medium High Medium
NG18 Coastal Plains Rural 7.3 5 6 10 1 0 17 High High High Low
NG19 Piedmont Rural 0.4 6 15 166 14 10 23 High High Low Medium
NG20 Piedmont Urban 19.8 6 3 11 0 1 5 High High High Medium
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Table C.1Continued.

Benthic Macroinvertebrate Scores

NCSAM Ratings

Waters_hed No. of EPT No. of NQ. of  Shredders Water _
_ _ Urban/ Impervious Age Abundant Abundance Abundant Indicator & Overall Hydrology Quality Habitat
Site Ecoregion Rural Area (%) (yr) Taxa EPT Taxa Taxa Predators

NG21 Coastal Plains Urban 14.8 10 4 0 0 0 5 High High Medium High
NG22 Coastal Plains Urban 10.8 1 3 0 0 0 30 Medium  Medium High Low
NG23 Coastl Plains Rural 15 4 3 10 1 1 16 High High High Low
NG24 Piedmont Rural 0.9 1 3 0 0 0 0 High High High Low
NG25 Piedmont Rural 4.4 1 7 43 3 0 29 High High High Low
NG26  Mountains Rural 11 1 17 101 11 8 35 Medium  Medium Medium Medium
NG27 Piedmont Rural 0.9 6 7 10 1 0 20 High High High High
NG28 Coastal Plains Urban 31.2 15 2 13 1 0 0 Medium  Medium High Low
NG29 Coastal Plains Urban 255 3 4 20 2 0 0 Medium  Medium High Low
NG30 Piedmont Urban 44.6 7 4 21 2 0 0 High High High Low
NG31 Piedmant Urban 27.8 7 6 1 0 0 14 Medium  Medium  Medium Low
NG32 Piedmont Urban 48.5 2 4 20 2 0 0 Low Low High Low
NG33 Piedmont Urban 48.8 3 4 23 2 0 0 Low Low Medium Low
NG34 Piedmont Urban 41.8 7 3 21 2 0 0 Low Low High Low
NG35 Mountains  Urban 36.0 1 7 20 2 0 18 High High High  Medium
NG36 Coastal Plains Rural 0.4 7 3 10 1 1 40 High High High Low
NG37 Coastal Plains Rural 0.2 6 4 0 0 0 40 High High High Low
NG38 Coastal Plains Rural 0.2 1 6 11 2 0 17 High High Medium Low
NG39 Coastal Plains Urban 20.4 10 1 10 1 0 0 High High High Low
NG40 Piedmont Urban 21.6 7 5 11 1 0 16 High High High Low
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Table C.1Continued

Benthic Macroinvertebrate Scores

NCSAM Ratings

Waters_hed No. of EPT No. of NQ. of  Shredders Water _

_ _ Urban/ Impervious Age Abundant Abundance Abundant Indicator & Overall Hydrology Quality Habitat
Site Ecoregion Rural Area (%) (yr) Taxa EPT Taxa Taxa Predators
NG41  Mountains Rural 0.8 8 9 65 6 4 13 High High Medium Medium
NG42 Piedmont Rural 0.3 3 12 159 11 15 22 High High High Medium
NG43  Mountains Rural 0.0 5 18 69 12 8 31 High High High High
NG44 Piedmont Rural 0.0 4 18 79 13 7 44 High High High  Medium
NG45 Piedmont Rural 0.0 2 20 48 13 5 25 High High Medium Medium
NG46 Piedmont Rural 6.1 2 8 41 4 2 50 Medium  Medium Lowv Low
NG47 Piedmont Rural 6.1 3 8 40 4 1 50 High High Medium Low
NG48  Mountains Rural 1.8 2 6 41 4 0 50 High High High Medium
NG49 Piedmont Urban 384 5 6 11 1 0 33 High High High High
NG50 Piedmont Urban 38.8 1 6 20 2 0 33 Medium  Medium High  Medium
NG51 Piedmont Urban 22.4 7 1 11 1 0 5 High High High Low
NG52 Piedmont Rural 9.3 2 3 0 0 0 0 High High High High
NG53 Piedmont Urban 10.9 1 5 0 0 0 0 High High High Medium
NG54  Mountains Rural 1.4 9 12 92 9 6 29 Medium  Medium High Medium
NG55  Mountains Rural 1.3 12 14 93 10 12 19 High High Medium Low
NG56  Mountains Rural 1.4 10 15 94 11 11 24 High High High Medium
NG57  Mountains Rural 1.2 1 13 79 10 9 24 High High Medium Medium
NG58 Piedmont Urban 20.2 11 6 1 0 0 50 High High High High
NG59 Piedmont Rural 3.4 5 14 53 9 7 30 High High High High
NG60  Mountains Rural 0.2 8 16 114 12 15 31 High High High High
NG61 Coastal Plains Urban 131 4 3 0 0 0 33 High High Low Low
NG62  Mountains  Urban 24.7 1 6 31 3 0 33 Medium  Medium High Low
NG63 Coastal Plains Rural 0.4 9 5 20 2 0 33 High High High Low
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# of Sites

L L

Poor Fair Good Exc. Poor Fair Good Exc. Poor Fair Good Exc. Poor Fair Good Exc. Poor Fair Good Exc.
Abundant Taxa EPT Abundance Abundant EPT Taxa Indicator Taxa Shredders and Predators

FigureC1. Barplots of the five benthic macroinvertebrate metric results for all siResv data was
first classified as Poor, Fair, @l orExcellent using criteria in NG $2006).
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FigureC2. Barplots of NCSAM output for all sites.
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AppendixD: North Carolina Wetland Assessment Method (NCWAM)

FigureD.1. NCWAM wetland type dichotomous key

140



Dichotomous Key to General North Carolina Wetland Types
Accompanies NC WAM User Manual, Version 4.1

Before using this key, the assessor should read and become famibar with descrptions of the general
wetland types. The assessor should use best professional judgment to verfy that the wetland type
determinad with the use of this key malches the written description (see Usar Manual page numbar
following wetland type name),

The following rule should be used to assist in the selection of the most appropriate general wetland type.
Marrative descriptions are also available to assist in this choice (see User Manual Section 3.1).

Waetlands with alterations (man-mada or natural) should generally be classified as the
original, naturally occurring type if this determination can be made. However, if the full
range of stable, existing, wetland parameters (vegetation, hydrology, and soils) better
resembles another wetland type because of long-esiablished, permanent alierations, the
wetland should be classified as this current, more appropriate type.

If there is evidence suggesling the weatland is a type other than the keyed type, the wetlland may be
classified as the evidenced type. Also, if the wetland does not appear to conform to any of the following
general types, the site should be evaluated based on what the assessor believes is the closest wetland
type. If the wetland is “intensively managed” or “intensively disturbed,” the assessor should note this fact
on the field assessment form and then select the most appropriate general wetland type based on the
guidance provided above.

1. ‘Wetland affected by lunar or wind tide, may include woody areas contiguous with tidal marsh
A, Wetland affected, at least occasionally, by brackish or salt water
i. Dominated by herbaceous vegetation — SaltiBrackish Marsh (p. 12)
ii. Dominated by woody vegetation — Estuarine Woody Wetland (p. 15)
B. Wetland primarily affected by frashwater
i. Dominated by herbaceous vegetation = Tidal Freshwater Marsh (p. 17)
ii. Dominated by woody vegetation — Riverine Swamp Forest (p. 19)

Il. Wetland not affected by tides
A. Notin a geomorphic floodplain or a natural topographic crenulation and not contiguous with an
open water 20 acres or larger
i. On a side slope — Seep (p. 24)
il.  Oninterstrearm divides or on a coastal island
1. Flats on intersiream divides in Coastal Plain ecoregions
a. Dominated by deciduous trees
i. Seasonally saturated to seasonally inundated (typically dominated by swestgum
and oaks) — Hardwood Flat (p. 26)
il. Seasonally to semi-parmanently inundated (typically dominated by cypress and
black gum) - Non-Riverine Swamp Forest (p. 28)
b. Dominated by evergreens
i. Dominated by dense, waxy shrub species (typically include gallbarries,
fetterbushes, honeycup, greenbriar); canopy may include pond pine, Atlantic
white cedar, and bays — Pocosin (p. 30)
ii. Motdominated by dense, waxy shrub species
1. Dominated by long-leaf or pond pine and wire grass — Pine Savanna (p. 32)
2. Dominated by loblolly or slash pines — Pine Flat (p. 33)
2. In depressions surrounded by uplands anywhere in the state (mafic depressions, lime
sinks, Carclina bays) or contiguous with an open water

MC Welland Assassment Method (NC WAM) v4.1 wii Dichotomous Key to Ganeral Wetland Types
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Dichotomous Key to General NC Wetland Types, Continued

2. In depressions surrounded by uplands anywhere in the state (mafic depressions, lime
sinks, Carolina bays) or contiguous with an open water (repeated from the
previous page)
a. Dominated by dense, waxy shrub species (typically include gallberries, fetterbushes,
honeycup, greenbriar); canopy may include pond pine, Atlantic while cedar, and bays
and not characterized by clay-based soils— Pocosin (p, 30)
b. Mot dominated by dense, waxy shrub species and not characterized by a peat-filled
bay — Basin Wetland (p. 35)
B. Inageomorphic floodplain or a natural topographic crenulation or contiguous with an open water
20 acres or larger
i.  Morthern Inner Piedmont or Blue Ridge Mountains ecoregions and dense herbaceous or
mixed shrub/herbaceous vegetation with characteristic bog species (see wetland type
description), with or without tree canopy; at least semi-permanent saturation; typically on
organic or mucky soils; sphagnum moss commanly present — Bog (p. 37)
i. Anywhera in the state and not Bog
1. Dominated by herbaceous vegetation. At least semi-permanently inundated or saturated.
Includes lacustrine and riparian fringe and beaver ponds with dense herbaceous
wvagetation; sphagnum moss scarce or absent — Non-Tidal Freshwater Marsh (p. 40)
2. Dominated by woody vegetation. Trees may be present on edges or hummaocks,
a. Localized depression and semi-permanently inundated — Floodplain Pool (p. 43)
b. Mot“a"
i. Less than second-order stream or in a topographic crenulation without a stream.
Diffuse surface flow and groundwater more important than overbank flooding.
1. Seasonally to semi-permanently saturated and/or only intermittently
inundated — Headwater Forest (p. 45)
2. Seasonally to semi-permanently inundated — Riverine Swamp Forest
(p. 19)
ii. Second-order or greater stream or contiguous with an open water 20 acres or
larger
1. Intermittently to seasonally inundated (may be dominated by sweetgum,
ash, sycamore, and oaks) — Bottomland Hardwood Forest (p. 49)
2. Seasonally to semi-permanantly inundated (may be dominated by
cypress and blackgums in Coastal Plain and ash, overcup oak, and elms
in Piedmont and Mountains) — Riverine Swamp Forest (p. 19)

'See stream order schematic diagrams in User Manual Appendix C.

NC Wetland Assessment Method (NC WAM) v4.1 wii Dichotomous Key to General Wetland Types
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FigureD.2. NCWAM field form
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NC WAM FIELD ASSESSMENT FORM
Accompanies User Manual Version 4.1

Wetland Site HName Date
Wetland Type Assessor Name/Organization
Lewel lll Ecoregion Nearest Mamed Water Body
Riwver Basin USGS 8-Digit Catalogue Unit

[] Yes [] No Precipitation within 48 hrs? Latitude/Longitude (deci-degrees)

Evidence of stressors affecting the assessment area (may not be within the assessment area)
Flease circle andior make note on the last page if evidence of stressors is apparent. Consider departure from reference, if appropriate, in
rec,ent past (for instance, within 10 years). Moteworthy stressors include, but are not limited to the following.

Is the assessment area intensively managed? [] Yes [] Mo
Regulatory Considerations (select all that apply to the assessment area)

Doooooooo

What type of natural stream is associated with the wetland, if any? (check all that apply)

oo

]

Is the assessment area on a coastal island? [ Yes [ Mo
Is the assessment area's surface water storage capacity or duration substantially altered by beaver? [ Yes [ Mo

Hydrological modifications (examples: ditches, dams, beaver dams, dikes, berms, ponds, etc.)

+  Burface and sub-surface discharges into the wetland (examples: discharges containing cbvious pollutants, presence of nearby
septic tanks, underground storage tanks {(USTs), hog lagoons, etc.)

+  Bigns of vegetation stress (examples: wegetation mortality, insect damage, diseasa, storm damage, salt intrusion, etc.)

*  Habitat/plant community alteration (examples: mowing, clear-cutting, exotics, efc.)

Anadromous fish

Federally prolected species or Slabe endangerad or threatened species

NCDWQ riparian buffer rule in affect

Abuts a Primary Nursery Araa (PMA)

Publicty owned property

N.C. Division of Coastal Managemani Area of Environmantal Concern (AEC) (including buffer)

Abuls a stream with a NCDWO classification of S& or supplemantal classificatons of HOW, ORW, or Trowt
Designated NCNHP referance community

Abuls a 303{d}-isted stream or a fributary to a 303{d)-ksted stream

Blackwatar
Brownwaler
Tidal (if tidal, check ona of the following boxes) ] Lunar [0 Wind [ Baoth

Does the nent area experience overbank flooding during normal rainfall conditions? [ Yes [ Mo

Ground Surface Condition/Vegetation Condition - assessment area condition metric

Check a box in each column. Consider alteration to the ground surface [GE) in the assesament area and vegetaton struciure (WS) in

the assessment area. Compare to reference wetland if applicable (see User Manual), If a reference is not applicable, then rate the

assessment area based on evidence of an effect.

G5 WE

Oa [CJa Mot severaly altered

e ] Severely altered over a majority of the assessment area (ground surface alteration examples: vehicle tracks, excessive
sedimentation, fire-plow lanes, skidder tracks, bedding, fill, soil compaction, obvious pollutants) (vegetation structure
alteration examples: mechanical disturbance, herbicsdes, salt intrusion [where appropriate], exolic species, grazing,
reduced diversity [If appropriate), hydrologic alteration)

Surface and Sub-Surface Storage Capacity and Duration - assessment area condition metric

Check a box in each column. Caonsicer surface storage capacity and duration (Surf) and sub-surface slorage capacity and duration

(Sub). Consider both increase and decrease in hydrology, Refer to the current NRCS lateral effect of dilching guidance for Narth Carolina

hydric soils (see USACE Wilmington Districl website) for the zone of influence of ditches in hydric soils. A dilch s 1 fool deep is considenad

to affect surface waber only, while a ditch = 1 fool deep s expected to affect bolh surface and sub-surface water. Consider tidal flooding

regime, il applicable.

Surf Sub

Oa A Waler storage capacity and duration are nat altered.

Os Oe Waler storage capacity or duration ara altered, but not substantially (typically, not sufficient to change vegetation).

Oc Oc Water storage capacity or duration is substantially alterad (typically, alteration sufficient o result in vegetation change)
{examples: draining, flooding, soil compaction, filling, excessive sedimentation, underground ulility lnes).

Water Storage/Surface Relief — assessment area/wetland type condition metric (evaluate for non-marsh wetlands only)

Check a box in each column for each group below. Select for the assessment area (AA) and the wetland type (WT)
AbWT
3a. Oa Oa  Majority of wetland with depressions able 1o pond water = 1 fool deep
Oe OB  mMajority of wetland with depressions able 1o pond water 6 inches 1o 1 fool deep
Oc Oc  majority of wetland with depressions able 1o pond water 3 to & inches deep
Oo 0o  Depressions able to pond water < 3 inches deep

b, A Evidence that maximum depth of inundation is greater than 2 feet
[ [:] Evidence that maximum depth of inundation is between 1 and 2 feet
Oc Evidence that maximum depth of inundation is less than 1 foot
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Soil Texture/Structure — assessment area condition metric

Check a box from each of the three soil property groups below. Dig sod profile in the dominant assessment area landscape feature.
Make soil observations within the top 12 inches. Use most recent guidance for Mational Tachnical Committes for Hydnic Sodls regional
indicatars,
4a. On  Sandy soil

OB Loamy or clayey solls exhibiting redoximorphic features (concentrations, depletions, or rhizospheres)

e Loamy or clayey soils not exhibiting redoximonphic features

[0 Loamy or clayey gleyad soil

[JE  Histosal or histic epipedon

4b. [JA  Soil ribbon < 1inch
08  Sail ribbon 2 1 inch

4z, A Mo peat or muck presence
0B A peat or muck presence

Discharge into Wetland — assessment area opportunity metric

Check a box in each column. Consider surface pollutants or discharges (Surf) and sub-surface pollutants or discharges (Sub).

Examples of sub-surface discharges include presence of nearby seplic tank, underground storage tank (UST), etc.

Surf Sub

Oa Oa Liltle o ne evidence of pollutants o discharges entering the assessmen area

Oe Oe MNoticeable evidence of pollutants or discharges entening the wetland and stressing, but not avenwhelming the
treatment capacity of the assessment area

Oc Oc Moticeable evidence of pollutants or discharges (pathogen, particulate, or soluble) entering the assessment area and
potentially overwhalming the treatment capacity of the wetland (water discodoration, dead vegelation, excessive
sadimentation, odor)

Land Use - apportunity metric

Check all that apply (at least one box in each column). Evaluation mvolves a GIS effort with field adjustment.  Consider scurces

draining to assessment area within entire upsiream watershed (W3], within 5 miles and within the watershed draining o the assessment

area (5M), and within 2 miles and within the watershed draining to the assessment area (2M).

WE 5M M

Ca Ca Ca > 10% impenious surfaces

e e Oe < 10% impenvious surfaces

Qe Oe Qe Confined animal oparations (or other local, concentrated source of pollutants)

Oo Oo Oo = 0% coverage of pastung

Oe Oe Oe = 20% coverage of agriculiural land (regulary plowed land)

OrF OrF OrF z 20% coverage of maintained grassherb

OG Oa OG = 20% coverage of cear-cut land

OH - O Litile or no opporfunity fo improve water quality. Lack of opporiunity may result from hydrologic alterations
that prevent drainage or overbank flow from affecting the assessmeant area,

Watland Acting as Vegetated Buffer - assessment arealwetland complex condition metric
Ta, s assessment ared within 50 feet of a ribulary or olher apen water?
Oves [Owo If Yes, continue to The If Mo, skip 1o Metric 8,
Wetland buffer need only be present an one side of the open water, Make buffer judgment based on the average width of wetland,
Record a nate if a portion of the buffer has been removed or disturbed.
Tb.  How much of the first 50 feet from the bank is wetland?
& & 50 faet
O  From 30 to < 50 fest
Oc From 15t < 30 leet
(o From5te < 15 feet
Oe < 5§ feet or buffer bypassed by ditches
To.  Tributary width. i the tributary is anastomosed, combine widths of channels/braids for a total width.
= 15-feat wide [J= 156-feet wide [ Other open water (no tributary present}
Td. Do roobs of assessment area vegetation extend info the bank of the tributary'open wataer?
Ove: OMo
T, s the tributary or other open waler shelbered or exposed?
[CIsheitered - open water width < 2500 feet and no regular boat traffic.
[CJExposed — open water width = 2500 feet or regular boat traffic.

Wetland Width at the Assessment Area — wetland typefwetland complex condition metric (evaluate for riparian wetlands only)

Check a box in each column. Select the average width for the wetland type at the assessment area (WT) and the welland complex at
the assessment area (WC). See User Manual for WT and WC boundanies.

& O = 100 fest

OB [JB  From80to< 100 fest
Oc  Oc From 500 < 80 feet
Oo [COo From 40 to < 50 feat
Oe Oe From 30 ta < 40 feat
OF OF From 15 to < 30 feat
Oc [O&  FromSto <15 fest
OH O} <5ies
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10.

1.

12,

13.

14,

15.

16.

Inundation Duration — assessment area condition metric

Amswer for assessmant area dominant landform.

Oa Evidence of shorl-duration inundation (= 7 consacutive days)

Os Evidence af saturation, withoul evidence af inundation

Oc Evidence of long-duration inundation or very leng-duration inundation (7 to 30 consecutive days or more)
Indicators of Deposition — assessment area condition metric

Consider recent deposition only (no plant growth since deposition),

& Sediment deposition is not excessive, but at approximately natural levels.

(=] Sediment deposition is excessive, but not overwhalming the wetland.
Oc Sediment deposition is excessive and is overwhalming the wetland.

Wetland Size — wetland typeiwetland complex condition metric

Check a box in each column. Invalves a GIS effart with fiedd adjusiment. This melnic evaluates ihree aspects of the wetland area: the
gize of the wetland type (WT), the size of the wetland complex (WC), and the gsize of the farested wetland (FW) (If applicable, see User
Manual). See the User Manual for boundaries of these evaluation areas, If assessment area s clear-cut, select "K™ for the FW column.
WT W FW (if applicabla)

Oa Oa Oa = 500 acres

(=] (=] e From 100 to < 500 acras

Oc Oc Oc From 50 o < 100 acres

Oo Oo Oo From 25 to < 50 acres

Oe e e From 10 to < 25 acres

rF OF OF From 5 fo < 10 acres

G OG OG From 1 to < 5 acres

CH [H [OH From 0.5 1o = 1 acre

o [ (] From 0.1 to < 0.5 acra

] ] )] From 0.01 1o = 0.1 acre

O Ok Ok < (.01 acre of assessment area is clear-cul

Wetland Intactness — wetland type condition metric (evaluate for Pocosins only)

& Focosin is the full extent (= 90%) of ts natural landscape size.
e Pocosin is < 890% of the full extent of its natural landscape size.

Connectivity to Other Natural Areas - landscape condition metric
13a. Check appropriate box{es) (a box may be checked in each column). Involves a GIS effort with field adjustment. This metric
evaluates whather the wetland is well connected (Well) andfor loosaly connected (Loosaly) to the landscape patch, the contiguows
nalurally vegetated anea and open waber (il appropriate). Boundaries ane formed by fourdane roads, regulary maintained ulility line
ﬁrﬁmm the width of & four-lane road or wider, urban landscapes, maintained fields (pasture and agriculture), or open water > 300
el wide,
Well Loosely
O Oa 2 500 acres
s Os Frorm 100 ko < 500 acres
Oc Oc From 50 to < 100 acres
Oo Oo From 10 to < 50 acres
e e <10 acres
OF OF Wetland type has a poor of no connection to other natural habitats
13b. Ewaluate for marshes only.
O¥es [Mo  ‘Wetland type has a surface hydrodogy connection to open waters/tributary or tidal wetlands.

Edge Effect — wetland type condition metric (skip for all marshes)

May invohee a GIS effort with field adjustment. Estimate distance from wetland type boundary to arificial edges. Artificial edges incude
non-forested areas = 40 feet wide such as fisdds, development, roads, regularly maintained utility line corridors, and clear-cuts. Consider
the sight main points of the compass.

Oa Mo artificial edge within 150 feet in all direclions

Os Mo artificial edge wilhin 150 et in four (4) 1o seven (T) directions

Oc An artificial edge oocurs within 150 feet in more than four (4) directions of assessmeant anea g clear-cut

Vegetative Composition - assesament area condition metric (skip for all marshes and Pine Flat)

Oa Vegetation is close to reference condition in species present and their proportions. Lower strata composed of appropriate
species, with exobic plants absent or sparse within the assessment area.

e ‘fegetation is different from reference condition in species diversity or proportions, but still largely composed of native species
characiaristic of the wetland type. This may include communities of weedy nalive species thal develop afler clearcutling or
clearing. I also includes cammunities with exotics present, bul nol deminant, over a large portion of the expecied sirata,

Oc Vegetation severely allered from reference in composition. Expected species are unnaturally absent (planted stands of non-
characteristic specles or at least one stratum inapprogriately composed of a single species), Exotic species are dominant in at
least one stratem.

Vegetative Diversity — assessment area condition metric (evaluate for Mon-tidal Freshwater Marsh only)

& \Vegaetation diversity is high and is composed primarily of native species (< 10% cover of exotics).
(=] \fegatation diversity is low or has = 10% o 50% cover of exotics.
Oc Vegetation is dominated by exolic speces (> 50% cover of exotics).

k]
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17.

Vegetative Structure — assessment area/wetland type condition metric

17a. Is vegetation present?
O¥es Mo I Yes, continue to 175, If Mo, skip to Metric 18.

17b. Evaluate percent coverage of assessment area vegetation for all marshes only. Skip t017c for non-marsh wetlands.
Oa = 25% coverage of vegetation
Oes < 25% coverage of vegetation

17c. Check a box im each column for each stratum. Evaluate this portion of the metric for non-marsh wetlands. Consider structure
in @irspace above the assessment area (AA) and the watland type (WT) separately.
AA WT
%A Oa Canopy closed, or nearly closed, with natural gags associated with natural processes
B Oe Canopy present, bul opengd mone than nalural gaps
GOc Lic Canopy sparse or absent

EI:M Oa Dense mid-story/sapling layer
@0a Oe Moderate density mid-stary/sapling layer
EDC Oc Mid-storyisapling layer sparse or absent

a0 Oa Densa shrukb layer
B e Moderate density shrub layer
] Oc Shrub layer sparse or absent

Oa [Oa  Dense herb layer
EDE B Moderate density herb layer
Oc Oc Hert layer sparse or absent

18. Snags — wetland type condition metric
Oa Large snags (more than one) are visible (> 12 inches DBH, or large relative to species present and landscape stability).
O8  MHotA
19. Diameter Class Distribution - wetland type condition metric
Oa Bajarity of canopy trees have stems > 6 inches in diameter al breast height (DBH). many large trees (> 12 inches DBH) are
present,
Oe Majority of canopy trees have stems between & and 12 inches DEH, few are > 12 inch DBH.
Oc Majaority of canopy trees are < 6 inches DBH or no trees.
20. Large Woody Debris — wetland type condition metric
Include both natwral dabris and man-placed natural debris.
Oa Large logs (mone than one) ane visibhe (= 12 inches in diameter, or large relative to species present and landscape stability).
g Weta
21. Vegetation/Open Water Dispersion — wetland typefopen water condition metric (evaluate for Mon-Tidal Freshwater Marsh only)
Select the figure that best describes the amount of interspersion between vegetation and open water in the growing season. Pattermed
areas indicate vegetated areas, while solid white areas indicate open water.
Cle Oc
\
Fl
:Hé i D
22. Hydrologic Connectivity — assessment area condition metric (evaluate for riparian wetlands only)
Examples of activiies that may severely alter hydrologic connectivity include intensive ditching. fill. sedimentation, channelization,
diversion, man-made barms, beaver dams, and stream incision,
Oa Crerbank and overand Now are nol severely altered in the assessment area,
Oe Cwerbank flow is severely allersd in the assessment area,
Oc Overland flow ks severely altered in the assessment area.
Oo Both owverbank and overland flow are severedy altered in the assessment area.
Noles

xii
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Table 1. Relationship of metrics, sub-functions, and functions for generation of wetland functional
ratings for a Bottomland Hardwood Forest assessment area.

Metric Sub-function Function Wetland
9. hundation Duration

3. Water Storage [ Surface Relief

Surface Storage and Retention

17. Vegetation Struciure

2. Hydrologic Connectivity Hydrology

4. Sai Texture ! Structure Sub-surface Storage and Retention
9, Inundation Duration

4. Soil Texture | Structura Pathogen Change

22, Hydrodogic Connectivity

B Landse

10. Indicators of Deposition

17, Vegetative Struciure

Particulate Change

9. nundation Duration

22. Hydrologic Connectivity Water Quality

4. Saoi Texture | Structure

9, Inundation Duration Soluble Change Assessment Area
22, Hydrologic Connectivity

7. Wetland Acting as a Vegetated Buffes

Physical Change

|
&, Wetland Width at the Assessment Area |

17. Vogotative Structure

l Hahbitat Physical Structure
19. Dameter Class Distribution |

18, Snags
20. Large Woody Dabris

2. Stworage Capacity and Duration

1, Ground Surface | Vegelation Condition Habitat

11. Waetland Size

13, Matural Area Connectivity Landscape Patch Structure

14. Edge Hiect

15. Vegetative Composition Vegetative Composition

MOTE:

= Condtion malric
=== Opportunity matric
A Diagonal lines indicate the potential 1o modify 8 sub-function rating

FigureD.3. NCWAM inpubutput flowchart for a bottomlanchardwoodwetland type
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NC WAM Wetland Rating Sheet
Accompanies User Manual Version 4.1
Rating Calculator Version 4.1

Wefland Site Name Sample Site Date Date
Wetland Type Bottomland Hardwood Forest Assessor Name/Organization Agency
Notes on Field Assessment Form (YIN) NO
Presence of regulatory considerations (Y/N) NO
Wetland is intensively managed (Y/N) NO
Assessment area is located within 50 feet of a natural tributary or other open water (Y/N) YES
Assessment area is substantially altered by beaver (Y/N) MO
Assessment area experiences overbank flooding during normal rainfall conditions (Y/N) YES
Assessment area is on a coastal island (YIN) NO
Sub-function Rating Summary
Function Sub-function Metrics Rating
Hydrology Surface Storage and Retention Condition MEDIUM
Sub-Surface Storage and Retention Condition MEDIUM
Water Quality Pathogen Change Condition HIGH
Condition/Opportunity HIGH
Oppaortunity Presence? (YIN) YES
Particulate Change Condition MEDIUM
Condition/Opportunity HIGH
Oppaortunity Presence? (YIN) YES
Soluble Change Condition MEDIUM
Condition/Opportunity HIGH
Opportunity Presence? (Y/N) YES
Physical Change Condition HIGH
Condition/Opportunity HIGH
Opportunity Presence? (Y/N) YES
Pallution Change Condition MA
Condition/Opportunity MA
Opportunity Presence? (YIN) NA
Habitat Physical Structure Condition LOW
Landscape Patch Structure Condition LOW
Vegetation Composition Condition MEDIUM
Function Rating Summary
Function Metrics/Notes Rating
Hydrology Condition MEDIUM
Water Quality Condition HIGH
Condition/Opportunity HIGH
Opportunity Presence? (Y/N) YES
Habitat Conditon LOW

Overall Wetland Rating

MEDIUM

FigureD.4. NCWAM sample output
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AppendixE Additional Wetland Analyses

TableE1. Wetland assesment results for all sites.

GIS

Age Dominant Mitigation Floristic Indices Rapid Assessmeni Asses.
Site (yr) Vegetation Provider VIBI WTALU AFQlI FAQWet ORAM NCWAM LDI
NC1201 10 Emergent MB 50.0 RWH 33.38 22.07 60 High 1.00
NC1202 10 Forest MB 500 RWH 36.88 3.10 46 Medium  1.54
NC1203 8 Shrub MB 38.0 RWH 39.08 8.37 40 Low 1.74
NC1205 8 Forest MB 540 RWH 3894 6.60 52 High 1.15
NC1206 8 Forest MB 825 SWH 36.09 15.07 65 High 1.07
NC1207 9 Shrub MB 51.0 RWH 3175 9.91 71 High 1.12
NC1209 8 Energent MB 57.0 RWH 4146 11.84 65 High 1.24
NC1210 8 Shrub MB 46.0 RWH 32.69 2.65 42 High 1.40
NC1212 9 Shrub PR 522 RWH 35.86 12.90 50 Medium  1.53
NC1217 8 Emergent PR 64.0 WH 33.63 10.92 48 High 3.64
NC1218 8 Forest PR 84.0 SWH 41.63 14.53 67 High 1.00
NC1220 7  Emergent PR 80.0 SWH 3145 11.40 51 High 4.25
NC1221 9 Shrub PR 49.0 RWH 36.05 6.40 35 High 1.13
NC1222 7  Emergent PR 770 SWH 3233 751 51 High 3.20
NC1225 5 Emergent ILF 70.0 WH 3345 11.63 50 High 1.22
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Table E.1Continued.

GIS
Age  Dominant Mitigation Floristic Indices Rapid Assessments Asses.

Site (yr)  Vegetation Provider VIBI  WTALU AFQlI FAQWet ORAM NCWAM LDI
NC1226 9 Emergent ILF 81.0 SWH 3329 14.24 59 High 1.16
NC1227 8 Emergent ILF 73.0 WH 34.09 8.82 65 High 1.03
NC1228 8 Shrub ILF 40.0 RWH 37.58 10.95 47 High 1.07
NC1230 7 Emergent ILF 80.0 SWH 36.76 17.52 53 High 1.00
NC1233 7 Emergent ILF 73.0 WH 29.96 6.61 55 Medium 1.75
NC1234 8 Emergent ILF 77.0 SWH 3581 17.75 51 High 1.32
NC1236 6 Emergent ILF 73.0 WH 35.74 2.97 37 Medium 2.01
NC1237 9 Forest MB 71.0 WH 33.90 5.99 38 High 1.22
NC1238 9 Emergent ILF 81.0 SWH 34.01 1381 47 Medium 1.29
NC1239 6 Emergent ILF 64.0 WH 29.02 7.06 49 High 2.52
NC1241 8 Shrub ILF 37.0 RWH 35.06 3.78 55 High 1.01
NCL2-42 6 Emergent ILF 26.0 LQWH 38.00 15.36 56 High 1.96
NC1243 11 Forest ILF 66.0 WH 44.04 11.58 39 High 1.84
NC1244 8 Emergent ILF 68.0 WH 29.24 10.64 52 High 2.02
NC1246 6 Emergent ILF 94.0 SWH 42.43 16.92 52 High 1.19

ILF = Idieu fee; MB = Migiation bank; PR = Permittg&esponsible

LQWH = Low quality wetland habitat; RWH = Restorable wetland habitat; WH = Wetland habitat; SWH = Superior wetlar
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TableE2. Mean (SD) values by migéition provider KruskalWallis Chsquare values (unless noted) by mitigation provid&ignificant

differences among mitigation providers noted.

Kruskal
Wallis Mean (SD)

Chi In-lieu Mitigation Permitee
Parameters Units n Square Fee Bank Responsild
Floristic Assessments
VIBI 30 2.89 66.9 (18.6) 56.5(13.3) 67.7 (14.9)
AFQI 30 1.74  26.4(3.1) 24 (4.2) 25.5 (1.7)
FAQWet3 30 1.38 11.3 (4.8) 9.5 (6.2) 10.6 (3.1)
ORAM
ORAM 30 035 51.1(7.1) 53.2 (12.4) 50.3 (10.2)
ORAMOI G S32 NJ 30 0.14 - - -
ORAMSsize 30 3.71 4.3 (0.9) 4.7 (1) 3.2 (1.8)
ORAMbuffer 30 7.19* 8.3 (3.4JA/B] 10.1(2.6)[A] 6.2 (1.3)B]
ORAMhydrology 30 1.06 15.2 (4.8) 15.4 (5.9) 17.7 (4.3)
ORAMhabitat 30 1.48 9(1.8) 9.4 (1.7) 10.3 (2.3)
ORAMvegédation 30 1.92 9.1 (2) 8.3 (2.8) 7.8 (2.1)
NCWAM
b/ 2! ah 30 0.834 - - -
NCWAMK & RNER f : 30 0.668 - - -
NCWAMwaterlj dzl f 30 0.513 - - -
NCWAMK | 6 A G | ( 30 0.606 - - -
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Table E.2Continued.

Kruskal
Wallis Mean (SD)

Chi In-lieu Mitigation Permitee
Parameters Units n Square Fee Bank Responsible
Soil Parameters
Organic Matter % 30 5.58 2.4 (2) 9.7 (13.3) 3.7 (2.5)
Bulk Density glem® 30 2.30 1.1(0.1) 0.9 (0.3) 1.0(0.2)
Sand % 30 5.77 53.6 (12.8) 65.7 (14) 47.3 (12.6)
Qay % 30 7.27* 15.5 (7.3)A] 7.3 (4.1)B] 15.7 (12.4]JA/B]
pH - 30 1.53 4.9 (0.6) 4.9 (0.6) 5.2 (0.8)
Buffer Index - 30 1.10 6.5 (0.3) 6.6 (0.2) 6.6 (0.2)
Cation Exchang@apacity meq/100g 30 2.78 10.5 (5.6) 7.3 (1.8) 9.0(3.2)
Carbon:Nitrogematio - 30 3.27 11.2 (5.7) 16.4 (7.8) 14.0(7.0)
Carbon % 30 4.09 1.7 (1.5) 6.9 (9.2) 2.7 (2.8)
Nitrogen % 30 4.55 0.1(0.1) 0.3(0.3) 0.2 (0.1)
NO3 ppm 30 0.80 21.3(21.8) 20 (16.2) 12.8 (9.3)
Phosphorusl (weak Bray) ppm 30 6.69* 12.9 (10.7JA/B] 41.3 (35.3)A] 8.0(4.6)[B]
Phosphorug (strong Bray, ppm 30 5.01 20.8 (15.19) 62.78 (49.56) 21.0(8.99)
Potassium ppm 30 1.32 52.2 (22.6) 64 (27.5) 56.0(14.2)
Magnesium ppm 30 3.06 157.7 (82.5) 118.2 (53.5) 200.0(104.6)
Calcium ppm 30 0.57  749.1(504.9) 544.4 (287.3) 674.3 (410.3)
Sulfur ppm 29 1.14 24.2 (9) 20.1 (5.3) 23.4 (13.3)
Zinc ppm 29 212 1.2 (1.2) 1.1 (0.5) 1.7 (1.3)
Manganese ppm 29 4.26 7.7 (6.8) 3.6 (3.5) 35.8 (470)
Iron ppm 29 3.22 74.7 (41.5) 112.2 (79.6) 121.4 (540)
Copper ppm 29 5.38 0.8 (0.7) 0.4 (0.3) 1.1 (0.5)
Boron ppm 29 3.50 0.3 (0.1) 0.3 (0.1) 0.3 (0.1)
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Table E. Continued.

Kruskal
Wallis Mean (SD)
Chi In-lieu Mitigation Permitee
Parameters Units n Square Fee Bank Responsible
Water Quality Parameters
Dissolved oxygen mg/LasN 15 2.04 4.6 (2.6) 2.7 (2.7) 3.2(4.2)
pH (water) - 15 3.05 5.7 (0.6) 5.2 (1) 4.8 (0.9)
Specific conductivity uS/cm 15 0.96 139.5 (131.5) 138.6(52.1) 1395.3 (1872.0
Total Kjeldahl nitrogen mg/Las N 15 0.03 1.4 (1) 1.5(.9 1 (0.6)
NO2+NO3 mg/LasN 15 4.68 0.1(0.2) 0.7 (0.7) 0 (0)
Organic nitrogen mg/LasN 15 0.04 1.27 (0.92) 1.38 (1.53) 0.98 (0.56)
NH3 mg/LasN 15 4.88 0.1 (0.3) 0.1 (0.1) 0 (0)
Phosphorus mg/LasP 15 0.21 0.3 (0.4) 0.1 (0.1) 0.2 (0.2)
Other Paraneters

Site Age yr 30 4.98 7.5 (1.6) 8.7 (0.9) 8 (0.9)
Site Size ha 30 2.63 9.09 (5.96) 13.44 (11.62) 30.55 (65.78)
Coefficient of Conservation - 30 0.23 3.66 (0.4) 3.75 (0.36) 3.68 (0.31)
Wetness Coefficient - 30 043 1.74 (0.83) 1.76 (1.34) 1.72 (0.9
Landscape Development Indt - 30 2.18 1.5 (0.5) 1.3(0.2) 2.5(1.4)

Significance denoted as *p < 0.05p* 0.01; ***p < 0.001; ****p < 0.0001
Posthoc significant difference among mitigai providers denoted by [A/B/C]

adjusted for multiple compar a 2 y a
W CAAKSNI 9ELF O

¢Said
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AppendixE Restored Wetland Sites

e ————

Legend

¥r  Onginal AA Center
® Shifted AA Center

D AA Boundary
[:j AA Buffer Boundary

25 1 e -
i 5? O Maters Component Boundary

I S -

Map created on October 15,2012

FigureF.1. NC1201 site map
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NC1201
7.2 ha 10 yr old
Emergent  Mitigation Bank

) S 2

FigureF.2. NC1201 siteimages
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Yr  Criginal AA Center
® Shifted AA Center
D AA Boundary

I: AA Buffer Boundary
0 25 &) 100 Meters
PR R T NN T S | l l Component Boundary

Map created on October 15,2012

FigureF.3. NC1202 site map.
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NC1202
20.3 ha 10 yr old
Forest Mitigation Bank

FigureF4. NC1202 siteimages
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Legend

¥r  Criginal AA Center
@ Shifted AA Center
D AA Boundary

E AA Buffer Boundary
513 PR 1£|IJ Meere C] Component Boundary

Map created on October 15,2012

FigureR5. NC1203 site map.
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NC1203
10.2 ha 8 yrold
Shrub Mitigation Bank

FigureF.6. NC1203 site images.
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NC1203

Legend

D AA Boundary

¥ Original AA Center
® Shifted AA Center

| ] Aa Buffer Boundary
5:.'! 100 Meters || component Boundary

Map created on October 15,2012

FigureFR.7. NC1205 site map.

161



NC1205
7.9 ha 8 yrold
Forest Mitigation Bank

FigureF.8. NCL2-05 site images.
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Legend

¢  Criginal AA Center
® Shifted AA Center
D AA Boundary

D AA Buffer Boundary
DI ) 2.5 y 5|0 PR 10.3 MetnLe ! lComponentBoundary

Map created on October 15,2012

FigureF.9. NC1206 site map.
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NC1206
2.5 ha 8 yrold
Forest Mitigation Bank

FigureF.10. NC1206 site images.
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D AA Boundary

E AA Buffer Boundary

Component Boundary
Yr Original AA Center
® Shifted AA Center

Map created on October 15,2012

FigureF.11. NC1207 site map.
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NC1207
14.7 ha 9yrold
Shrub Mitigation Bank

. A A o

Figurer.12. NC1207 site images.
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Legend

D AA Boundary

D AA Buffer Boundary

]{;—] Component Boundary
Yr  Original AA Center
® Shifted AA Center

0 25 50 100 Meters

Map created on October 15,2012

FigureF.13. NC1209 site map.
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NC1209
41.1 ha 8 yrold
Emergent

FigureF.14. NC1209 site images.
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Legend

¥r  Criginal AA Center
® Shifted AA Center
E AA Boundary

[: AA Buffer Boundary
1
UI 1 215 1 510 1 1 1 l:Ilj Moy [j Component Boundary

Map created on October 15,2012

FigureF.15. NC1210site map.
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NC1210
5.5 ha 8 yrold
Shrub

FigureF.16. NC1210 site images.
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Legend
D AA Boundary

D AA Buffer Boundary

:] Caomponent Boundary
¥  Original AA Center

® Shifted AA Center

0 25 50 100 Meters

Map created on October 15,2012

FigureF17. NC1212 site map.
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NC1212
1.2 ha 9yrold
Shrub Permitteeresponsible

FigureF.18. NC1212 site images.
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Legend

¢ Criginal AA Center
® Shifted AA Center

D AA Boundary

0 2% 0 100'Md D AA Buffer Boundary
eters =
[ R T R MR S S S ﬂ‘ = a Component Boundary

Map created on October 15,2012

FigureF.19. NC1217 site map.
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NC1217
0.2 ha 8 yrod
Emergent

FigureF.20. NC1217 site images.
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Legend
D AA Boundary

¥ Original AA Center
® Shifted AA Center

[ "] AaBuffer Boundary
0 100 20 400 Meters | | Component Boundary

Map created on October 15,2012

FigureF.21. NC1218 site map.
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NC1218
164.1 ha 8 yrold
Forest Permittee-responsible

FigureF.22. NC1218 site images.
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Legend

¥r  Criginal AA Center
® Shifted AA Center
D AA Boundary
(] A Buffer Boundary

m Component Boundary

0 25 50 100 Meters
J

Map created on October 15,2012

FigureF.23. NC1220site map.
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NC1220
0.2 ha 7 yrold
Emergent  Permitteeresponsible

FigureF.24. NC1220 site images.
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Legend

¢  Criginal AA Center
® Shifted AA Center

D AA Boundary

[ Aa Buffer Boundary
0 25 0 100 Meters —y
T PO (R Y HR T A VAl | || Component Boundary

Map created on October 15,2012

FigureF.25. NC1221 site map.
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NC1221
17.4 ha 9yrold
Shrub Permitteeresponsible

FigureF.26. NC1221 site images.
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