
ABSTRACT 

FERNANDEZ, MARK BLADIMIRO. Field Evaluation of Restored Streams and Wetlands in 
North Carolina using Biological Indices and Rapid Assessments. (Under the direction of Dr. 
Michael R. Burchell, II and Dr. Gregory Jennings). 

Restoring streams and wetlands is a critical part of achieving “no net loss” of these vital 

ecosystems. Evaluating both the natural (i.e., not created or restored) ecosystem that will 

be impacted and the restoration ecosystem that mitigates incurred losses are necessary 

steps toward preventing a net loss in ecosystem functions. Ecological assessments are the 

tools that allow agencies and ecologists to objectively evaluate both natural and restored 

ecosystems. The North Carolina Stream Assessment Method (NCSAM) and the North 

Carolina Wetland Assessment Method (NCWAM) were recently developed, rapid 

assessments that use conditional computer programming (e.g., IF-THEN statements) to 

produce an overall site rating as well as a hydrology, water quality, and habitat function 

ratings. Rapid assessment methods that require less time in the field can help mitigation 

agencies better manage any increases in workload.  

Sixty-three restored perennial streams throughout North Carolina were evaluated using 

benthic macroinvertebrates, NCSAM, and watershed impervious area percentage. Based on 

the results of this study, NCSAM-hydrology ratings accurately assessed geomorphological 

parameters of concern such as bank stability and sedimentation, while NCSAM-habitat 

ratings accurately evaluated the condition of the in-stream substrate and habitat. The 

accuracy of NCSAM-water quality was questioned due to the lack of negative correlation 



with watershed impervious area. NCSAM-habitat ratings correlated most strongly with 

scores from the benthic macroinvertebrate assessment performed in ripple areas within the 

reach. An increase in the weighting of NCSAM-habitat at the expense of NCSAM-water 

quality may produce a more robust NCSAM-overall rating.  

Unexpectedly, macroinvertebrate scores at Coastal Plain restored streams indicated a minor 

yet statistically significant improvement at high levels of imperviousness (>15%). We 

attributed this unexpected finding to an increase in engineered habitat (e.g., log cross 

vanes) in response to urban lateral constraints. While the addition of in-stream structures 

was linked to an increase in certain intolerant macroinvertebrate taxa scores in Coastal 

Plain sites in this study, observed benefits to the benthic community were relatively small 

and do not constitute a panacea for the so-called “urban stream syndrome.”  

Thirty restored wetlands across North Carolina were evaluated using the GIS-based Land 

Development Index (LDI), three floristic indices—the Vegetation Index of Biotic Integrity 

(VIBI), the Adjusted Floristic Quality Assessment Index (AFQI), and the Floristic Assessment 

Quotient for Wetlands (FAQWet)—and two rapid assessments— the Ohio Rapid 

Assessment Method (ORAM) and NCWAM. Floristic indices and rapid assessment scores 

were not significantly different among mitigation providers. However, permittee-

responsible sites received significantly higher LDI scores than in-lieu fee and mitigation bank 

sites. Also, sites dominated by herbaceous vegetation received significantly higher VIBI and 

FAQWet scores than sites dominated by woody vegetation.  



The correlations among the wetland assessments were low and not significant, with one 

exception: ORAM and to a lesser extent NCWAM assessment ratings correlated most 

strongly with FAQWet scores. FAQWet scores incorporate the wetland plant indicator status 

(i.e., obligate, facultative, etc.)  and therefore are representative of the overall site 

hydrology. These correlations indicate that ORAM and to a lesser extent NCWAM accurately 

evaluated the wetland’s hydrology. Establishing appropriate site hydrology is critical to the 

formation of hydric soils and hydrophytic 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 quality, with only two 

sites receiving low quality rating among those assessments. The correlations with FAQWet 

scores, as well as the general agreement with the WTALU ratings, suggest that determining 

success or failure of a restored wetland can be performed adequately using ORAM or 

NCWAM, with the more resource-intensive floristic assessments reserved for questionable 

sites.   
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Chapter 1: Introduction 

Ecological Value of Wetlands 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 production. All of these 

ecological services contribute toward humanity’s security, basic necessities, health, and 

social interactions (Millennium, 2005).  

Wetland ecosystem services have been conservatively estimated at $3.4 billion worldwide 

based on data from 630,000 km2 of wetlands (Schuyt and Brander, 2004). When 

extrapolated to the global estimate of 12.8 million km2 of wetlands (Finlayson, 1999), the 

estimated value of wetland services was $70 billion worldwide. Flood control, recreational 

fishing, general recreation, water filtering, and biodiversity were listed as the most 

economically valuable functions.  

These important services, however, are lost or degraded when an ecosystem is impacted. 

By the mid-1970, the conterminous Unites States has lost 54% of its wetlands, from an 

estimated 870,000 km2 of wetlands pre-settlement (Roe and Ayres, 1954) to an area of 

400,600 km2 (Tiner, 1984). North Carolina has lost 49% of its wetlands, from an estimated 

44,900 km2 pre-settlement (Dahl, 1990) to 23,000 km2 in mid-1980s (Hefner and Brown, 

1985). 
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In recognition of the ecosystem services provided, and in response to anthropogenic 

impacts, a concerted effort to “restore and maintain the chemical, physical, and biological 

integrity of the nation’s waters” continues to be a national priority (Clean Water Act of 

1977, 33 USC § 1251). In 2000, the USEPA conducted a nationwide assessment on the 

condition of U.S. streams, applying the Wadeable Stream Assessment to 1,079,950 km of 

natural (i.e., not restored) streams (USEPA, 2006). (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 poor.  Stressors 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 spanned two of the study’s regions, performed similarly with 40% to 51% of 

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 condition, making sedimentation the greatest risk to the state’s benthic 

macroinvertebrate community. Excess streambed sediment may stem from either bank 

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

development activities. Like wetlands, more work must be done before a majority of the 

streams in the U.S. can be considered healthy, functional ecosystems.  
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Compensatory Mitigation of Streams and Wetlands 

Allowable disturbances of streams or wetlands are restricted as part of the Clean Water Act. 

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 ecosystem will not occur and 

all unavoidable impacts will be minimized and compensated (USEPA, 2012). The 

compensation of these unavoidable impacts against streams and wetlands is known as 

compensatory mitigation.  

Compensatory mitigation can be through the creation of a new 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 the mitigation 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 impacted 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 (permitee-responsible), 2) pay a fee to a state 

agency (in-lieu 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 
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ecosystems in exchange for mitigation credits issued by a government agency. After a 

prescribed 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 by developers to satisfy their mitigation requirements. Therefore a mitigation 

site exists before an ecosystem is impacted. With the in-lieu fee program, monies are paid 

into a fund for future ecosystem improvements. Therefore, the mitigation site is created 

after the ecosystem is impacted.  

Compensatory mitigation has become a large industry across the U.S. and especially within 

the southeast. Based on USACE data, 86.7 km2 of wetlands impacted under Section 404 

were compensated with 176.2 km2 of mitigation wetlands, producing a national average of 

2.03 mitigation ha for each impacted hectare of wetland (Martin et al., 2006) at a cost of 

$195,700 per ha (ELI, 2007). The USACE South Atlantic division (North Carolina, South 

Carolina, Georgia, Alabama, Florida, and half of Mississippi) accounted for 23.7% of the 

permits, more than any other division. Stream restoration has also become common, with 

over 1 billion dollars annually spent restoring streams nationwide between 1990 and 2003 

(Bernhardt et al., 2007).  

Evaluating Success of Mitigation Projects—Needs and Challenges 

The general goal of ecological restoration is to restore or “uplift” degraded ecological 

functions. The increase or re-establishment of native flora and fauna is generally seen as an 

important step toward a full ecological recovery. For stream restoration, however, the 
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potential for biological uplift has shown to be constrained by the stream’s watershed 

condition.  Urbanization—the increase of impervious area percentage—has been linked to 

degraded channel morphology and biota in natural streams (Schueler, 1994; Walsh, 2005).  

Recent studies suggest that urbanization negatively affects biota in restored streams as 

well. A North Carolina study of three types of streams—urban degraded (non-restored), 

urban restored, and forested (non-restored) streams—found no significant differences 

between urban degraded and urban restored steams (Violin et al., 2011). Forested streams, 

however, had a significantly healthier macroinvertebrate index than urban degraded or 

restored sites.  Agriculturally impaired watersheds have also shown to limit the potential for 

biological uplift in stream restorations (Hughes et al., 2010).  

Factors upstream of the restored reach may also constrain biological uplift potential. A 

study of stream restorations in Germany found that benthic macroinvertebrate 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, taxa-rich stream corridor performed better in level 3 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. 

Another study noted that only two out of 78 stream restoration projects reported a 

significant increase in macroinvertebrate indices post-construction, despite increases in 

habitat diversity throughout all projects (Palmer et al., 2010).  
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Findings such as these, where the recovery of a stream’s biotic community is limited by 

factors outside of the restored reach, support the stream functions pyramid framework 

developed by Harman et al. (2012). Analogous to Maslow’s hierarchy of needs, this 

framework suggests that complete biological uplift cannot be achieved until the underlying 

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

we assume the valley and watershed-scale factors to be fixed—which is not the case where 

increased development is taking place—then hydraulics and geomorphology are reach-scale 

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. 

In wetland restoration, the most important design objective typically listed is to “get the 

hydrology right” (Mitsch, 2006). While proper hydrology is critical, restoration of pre-

disturbance hydrology alone has shown to be inadequate for certain wetland types to reach 

equilibrium with reference conditions. For example, ten restored prairie pothole wetlands 

surveyed three years post-construction had significantly fewer vegetation species (both 

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

hydroperiod. Only emergent species richness was similar between the two groups 

(Galatowitsch and van der Valk, 1996). The authors suggest that active revegetation—as 

opposed to simply more time—is required for a non-emergent restored wetland 
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(dominated by shrub or tree vegetation) to be considered structurally successful within the 

typical mitigation monitoring timeframe.  

In lieu of active revegetation as a way to increase restoration success, the addition of coarse 

woody debris (CWD), soil organic matter (SOM), and microtopography were tested against 

control sites (all wetlands were created or restored) for their effects on macroinvertebrate 

and vegetation communities (Alsfeld et al., 2009). Obligate plant richness increased in sites 

with added microtopography, and the number of insect families increased with added CWD. 

Also, total, native, and facultative plant richness values were higher in sites with added 

organic matter. The authors note that SOM content in wetlands has been positively 

correlated with water-holding capacity and microbial biomass. Even with the addition of 

SOM, the average SOM percentage at the treatment sites was low (3%). Mitsch and 

Gosselink (2000) stated that 5% SOM was indicative of wetland hydrologic conditions, with 

natural organic soil wetlands containing 20 – 30% SOM (Mitsch and Gosselink, 1993).  

Even with active revegetation or the addition of soil amendments, it will take time for the 

restored wetland to reach functional equivalency with a reference wetland. The question of 

how much time has been debated. Twenty years has been suggested for emergent wetlands 

to reach functional equilibrium (Mitsch and Wilson, 1996), but few studies on created or 

restored wetlands older than 20 years have been published. A study of 20 year old 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 
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(Atkinson et al., 2005). Based on these findings, the authors suggest that 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 functional assessment (Brinson, 1993). Both old 

and newly created wetlands received significantly different scores than the reference 

wetland. A study of tidal marshes restoration projects suggests that a 5-10 year time-frame 

would only be sufficient for low-stress emergent wetlands such as cattail marshes to reach 

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

Implicit in many discussions concerning the time-frame required to reach equivalence is the 

assumption that a restored wetland monotonically approaches a reference state. While 

such an assumption may be valid and helpful when viewing the aggregate of all of a 

wetland’s function, a monotonic framework does not apply to certain individual parameters 

of a wetland. As an example, a survey of five created or restored wetlands ranging from 3 to 

18 years found that older wetland projects had lower species richness and Floristic Quality 

Assessment Index (FQAI) scores than the younger sites (Stefanik and Mitsch, 2012). The 

authors cited Connell’s intermediate disturbance hypothesis (1978), which states that 

diversity is unimodal rather than monotonically distributed across a disturbance gradient. 

That is, restored wetlands have low vegetation diversity at creation—a time of high 

disturbance—followed by increasing diversity, peaking around 4 to 7 years old in Stefanik 

and Mitsch’ study. Diversity subsequently declined as the wetland vegetation structure 
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matures, coinciding with low disturbance levels. The authors note that the typical 

monitoring period of five years 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 time, based on 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 changes in waterfowl observations or 

anuran (i.e., frog and toad) abundance was observed.  

In addition to determining an appropriate time-frame for functional equivalence, 

determining the hypothetical pathway between a restored wetland’s initial and final state—

the wetland’s trajectory—is also of interest (see Zedler and Callaway, 1999, for a concise 

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

state of a restored wetland may not be equivalent to a natural system, but instead may 

stabilize at an alternative state that is inferior to a targeted reference site. A study of 12 

year old tidal marsh restorations noted that the wetland soils may never achieve functional 

equivalence, as measured levels of organic matter was predicted to peak at only 73% of the 

paired natural marsh’s levels (Zedler and Callaway, 1999).  
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Existing Framework for Ecological Assessments 

While individual parameters like organic matter have been used to compare a restored 

ecosystem to a natural site, summarizing a complex ecosystem with a single variable or 

species would likely be inadequate. Therefore, ecological assessments that measure 

multiple parameters or species have been developed. In response to the abundance of 

ecological assessments to choose from (see Bartoldus (1999) for a summary of 40 wetland 

assessments; see Fennessy et al. (2007) for a comparison of 6 wetland assessments), Brooks 

et al. (2004) proposed categorizing ecological assessments into three levels based on the 

scale used to assess the site. 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 using available satellite imagery, digital elevation models (DEM), and land use 

rasters. Level 1 assessments are performed in the office. The 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) assessments—also known as 

rapid assessment methods or RAMs—are qualitative evaluations of habitat and potential 

stressors. Level 2 assessments are performed in the field. Level 3 (macro or smaller scale) 

assessments are more intense than level 2 assessments, require trained ecologists, and 

often include post-field work such as unknown taxa identification or laboratory soil and 
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water sample analyses. Identifying benthic macroinvertebrate taxa or floristic species are 

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 al, 2010). 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 m2 vegetation plot may be extrapolated to represent the entire wetland 

encompassing multiple square kilometers. Selecting plots that are representative of the 

entire site will help maximize the validity of the assessment. Assessing the entire site would 

properly account for any heterogeneity present in the site, but this is often times not 

feasible for 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 sites. Spatial extrapolation of results is less of a problem for 

level 2 assessments, as RAM protocols typically require all or most of the site to be walked 

before the evaluation begins. Level 1 assessment results are not implicitly spatially 

extrapolated, as many level 1 assessments evaluate the entire ecosystem plus adjacent land 

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

areas larger than level 2 or level 3 assessments, the level of detail (i.e., data resolution) is 

lower.  
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The higher cost and time commitment 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 many young restoration projects, 

however, has not structurally matured. Repeated evaluations over time would allow 

agencies to better gauge if a restoration site is on the proper trajectory toward natural 

reference conditions, or if it will meet defined mitigation success criteria.  

Many level 2 assessments are comprehensive in that their questions concern biotic and 

abiotic ecosystem components. Stream RAM metrics typically concern the stream’s 

baseflow levels, channel substrate, channel 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 macroinvertebrate community. Wetland RAM metrics typically cover the three 

defining wetland criteria—hydrology, hydric soils, and hydrophytic vegetation—while also 

assessing adjacent land use (Mack, 2001). For many wetland RAMs, however, questions 

related to hydric soil are minimally developed (Fennessy et al., 2007). A level 3 floristic 

wetland assessment, 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 to the soil 

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

for RAMs (Mack, 2001; NCSFAT, 2011, NCWFAT, 2010, USEPA, 2011b). Level 3 assessments 
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typically do not ask general questions about stressors, but instead may quantify evidence of 

stressors through the identification of invasive or tolerant species.  

A level 2 assessment metric may be a qualitative version of a level 3 metric. For example, a 

stream’s riffle substrate may be denoted as either sand, gravel, or coble in a RAM, while a 

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 example, a level 3 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 with more mature vegetation can 

reduce more nitrogen than a narrow or barren buffer, and therefore only require the 

buffer’s width and vegetation structure to be assessed. Surrogate measurements, however, 

may not always be valid. In the previous example, the presence of riparian ditches 

perpendicular to the stream would short-circuit 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 may subsequently over-estimate the amount of 

denitrification. 

Even with the multi-level ecological assessment framework, selecting an assessment can be 

difficult. An investigator may default to using federal ecological assessments, but these 

assessments may contain questions that are not applicable to the site’s ecoregion. State-
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level ecological assessments should adequately address regional idiosyncrasies, but not 

every state has developed stream or wetland assessments. An assessment that focusses on 

one particle facet of the ecosystem—e.g., vegetation succession—may fit the investigator’s 

needs for a given research project, but may be too narrow in scope to apply routinely to 

sites outside of the study. Questions to ask when selecting an appropriate ecological 

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

questions of interest, e.g., “Does this restoration support avian habitat?”, 2) are there 

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 State Ecological Assessments 

Level 3 biotic assessments, also termed index of biological integrity (IBI), have long been 

used to evaluate ecosystems. For streams, benthic macroinvertebrates such as 

ephemeroptera, plecoptera, and trichoptera (EPT taxa) serve as biological indicators of 

water quality (Tarzwell and Gaufin, 1953). Macroinvertebrate assessments are also more 

likely to reflect both long and short term water quality conditions, whereas results from in-

situ water quality samples analyzed with a probe or in the laboratory may only 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 is 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 vegetation 

metrics. However, more recently developed floristic indices (level 3 assessments) such as 

the Vegetative Index of Biological Integrity (VIBI; Mack, 2004), the Floristic Quality 

Assessment 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 assess wetlands.   

FQAI, AQFI, and FAQWet indices can each be viewed as weighted richness metrics. FQAI 

uses a species’ coefficient of conservatism (C values) as the weighting factor. C values 

describe a taxa’s fidelity toward a specific habitat type, range from 0 to 10, and are 

regionally assigned by botanists. C values do not take a species rarity or threatened status 

into account. AFQI is a modified version of FQAI that also relies on C values. AFQI has been 

shown be less affected by a site’s native species richness than FQAI (Miller and Wardrop, 

2006). FAQWet uses wetness coefficients based on the national wetland indicator 

categories are used as the weighting factor (Table 1.1).  
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Table 1.1. Wetland indicator status and corresponding wetness coefficients (Ervin et al, 2006). 

Indicator Status 
Wetness 

Coefficient 

OBL +5 
FACW+ +4 
FACW +3 
FACW- +2 
FAC+ +1 
FAC 0 
FAC- -1 
FACU+ -2 
FACU -3 

FACU- -4 
UPL -5 

OBL=Obligate (>99%); FACW=Facultative 
Wetland (67-99%); FAC=Facultative (34-
66%); FACU=Facultative Upland (1-33%); 
UPL=Upland (<1%). Range of probability 
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 metrics ranging 

from 0 to 10. The specific metrics used (Table 1.2) are determined by the dominant wetland 

vegetation (emergent, shrub, or forested; Cowardin et al., 1979). 
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Table 1.2. Metrics for calculating VIBI scores, by dominant vegetation (adapted from Mack, 2004).  

VIBI-emergent VIBI-shrub VIBI-forested 

Carex Carex - 
Dicot, native Dicot, native - 
Shrub, native, wetland Shrub, native, wetland - 
Hydrophyte, native Hydrophyte, native - 
Annual:Perennial ratio - - 
FQAI FQAI FQAI 
% Tolerant % Tolerant % Tolerant 
% Sensitive % Sensitive % Sensitive 
% Invasive graminoids - - 
% Unvegetated - - 

- - Shade 
- Seedless vascular plants Seedless vascular plants 
- - % Hydrophyte 
- % Bryophyte % Bryophyte 
- - Pole timber density 
- Subcanopy IV Subcanopy IV 
- - Canopy IV 

 

Level 2 ecological assessments have also been developed for use by federal and state 

agencies. For streams, the USEPA has created the Rapid Bioassessment Protocols (RBP; 

Barbour et al., 1999), and the U.S. Department of Agriculture - Natural Resources 

Conservation Service (NRCS) has created the Stream Visual Assessment Protocol (SVAP; 

NRCS, 1998). State-level stream assessments such as Ohio’s Qualitative Habitat Evaluation 

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 Rapid Assessment Method (USA-RAM; USEPA, 2011b), and the USACE has adopted the 
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hydrogeomorphic classification method (HGM; Brinson, 1993). State-level wetland 

assessments include the Ohio Rapid Assessment Method (ORAM; Mack, 2001) and the 

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

Ecological Restoration in North Carolina 

Historically, North Carolina has lost approximately 21,900 km2 (49%) of wetlands, from an 

estimated 44,900 km2 pre-settlement (Dahl, 1990) to 23,000 km2 in mid-1980s (Hefner 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 certification is required for non-

jurisdictional or isolated wetland impacts (North Carolina Administrative Code, 15A NCAC 

2H .0500). A developer who disturbs a stream or wetland may satisfy mitigation 

requirements through one of three different mechanisms: 1) restore their own ecosystem 

(permitee-responsible), 2) purchase mitigation credits from a mitigation bank , or 3) pay a 

fee to a state agency (in-lieu fee) (USEPA, 2012). North Carolina offers in-lieu fee mitigation 

of disturbed ecosystems through the Ecosystem Enhancement Program (NCEEP). A schedule 

of NCEEP fees is listed in Table 1.3.  
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Table 1.3. North Carolina Ecosystem Enhancement Program (NCEEP)  
mitigation fee schedule (adapted from NCDENR, 2013).  

  
Fee (USD) per Credit 

Mitigation Category Credit Unit Standard Fee Higher Fee† 

Riparian Buffer square foot 1.02 1.02 
Stream linear foot 283.00 374.00 
Non-riparian Wetland acre 25,416.00 49,423.00 
Riparian Wetland acre 38,730.00 68,502.00 
Coastal Wetland acre 168,510.00 168,510.00 

† Mitigation of ecosystems that are located in designated parts of North  
Carolina are charged a higher rate due to restoration challenges from  
urban constraints, higher land costs, and limited restoration opportunities. 
 Fees for wetlands are calculated in increments of 0.25 acres and adjusted 
annually.  

 

Successfully mitigating this loss of wetland habitat has not always been the case, as North 

Carolina wetland mitigation success rates in the mid-1990’s were a low 20% (one out of five 

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 period were found (Hill et al., 2013).  

A recent, comprehensive overview of both stream and wetland mitigation projects across 

North Carolina reported marked improvements in the state’s mitigation success rates. Hill 

et al. (2013) assessed 79 stream and 83 wetland mitigation 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 streams and 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 stream success 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 have a significantly higher success rate than North 

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

Objectives 

The objective of this study is to evaluate two new ecological assessments in the context of 

ecological restorations. The North Carolina Stream Assessment Method (NCSAM; NCSFAT, 

2011) and North Carolina Wetland Assessment Method (NCWAM; NCWFAT, 2010) were 

developed by the US Army Corps of Engineers, The North Carolina Division of Water Quality, 

and the North Carolina Department of Transportation. NCSAM and NCWAM are rapid 

assessments that use conditional computer programming (e.g., IF-THEN statements 

calculated via a macro-enabled spreadsheet) to produce an overall site rating as well as a 

hydrology, water quality, and habitat function ratings. Specifically, this study will compare 

NCSAM and NCWAM results against 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 evaluate restored ecosystems across the state has not 



21 

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 divided into two parts: streams and wetlands. Specific objectives for 

the stream restoration portion (Chapter 2) include 1) quantify how well an intensive benthic 

macroinvertebrate assessment (level 3 assessment) results are modeled by NCSAM (level 2 

assessment) scores 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 

watershed-scale variables determined if the two assessments respond similarly. 

Specific objectives for the wetland restoration portion (Chapter 3) include 1) describe the 

current state of wetland restoration in North Carolina across mitigation providers, 2) 

compare the results among floristic indices, ORAM, and NCWAM using correlation and 

constrained correspondence analysis (CCA) ordination, and 3) determine the relationships 

between various environmental parameters and a GIS-based land disturbance index with 

the floristic indices, ORAM, and NCWAM  scores. 

No known North Carolina study has applied this variety of ecological assessments to only 

restored ecosystems. Results from this study will provide insight into how NCSAM and 

NCWAM evaluate restoration sites, and how their results compare with other assessments. 

This information can be used to guide any future revisions to the rating algorithms used by 
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these assessments. Differences found among level 1, level 2, and level 3 ecological 

assessments can be used by agencies to better decide which level of assessment is 

appropriate for a given mitigation project or monitoring program. Results from analyses 

that look at subsets of restorations—by ecoregion or by dominant vegetation—will impress 

the need to perform focused analyses that eliminate potentially confounding variables. 

Finally, noted areas for improvement in the design and construction process will help future 

restoration projects be successful.  
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Chapter 2: Field Evaluation of Restored Streams Using the North Carolina Stream 

Assessment Method, Macroinvertebrates, and Impervious Area 

Abstract 

Stream restoration is a popular and sometimes mandated method of improving our 

waterways. To expedite 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 (NCSAM) is a rapid habitat assessment that uses conditional computer 

programming (e.g., IF-THEN statements) to produce hierarchical tiers of ratings in addition 

to an overall score. We surveyed 63 restored, perennial streams throughout North Carolina 

to evaluate the correlation in results between NCSAM and a benthic macroinvertebrate 

assessment. The correlation between the NCSAM overall rating and the macroinvertebrate 

results was poor (R2 = 0.01 to 0.17) but greatly increased when all of the NCSAM output 

used by the model to produce an overall score were used (R2 = 0.39 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 

have 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 

indicated a 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 corridors are 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 concentrations (Millennium, 2005). In recognition of these direct and 

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

“restore and maintain the chemical, physical, and biological integrity of the nation’s waters” 

continues to be a national priority (Clean Water Act of 1977, 33 USC § 1251). However, until 

recently this codified goal lacked any nationwide survey to measure its progress. In 2000, 

the US Environmental Protection Agency (USEPA) began to apply the Wadeable Stream 

Assessment to 1,079,950 km of natural streams across the continental United States to 

document the current state of its rivers (USEPA, 2006). Macroinvertebrate scores were used 

to rate a stream as good, fair, or poor.  Nationally, 51% of stream length rated poor, 25% 

fair, and 28% good. North Carolina, which spanned two of the study’s ecoregions, 

performed similarly with 40% to 51% of stream length rated poor, 20% to 29% fair, and 18% 

to 29% good. Stressors such as nitrogen, phosphorus, salinity, acidification, sediments, 

riparian vegetation cover, and riparian disturbances that affect fish habitat were also 

measured. In North Carolina, the same report identified sedimentation as the greatest risk 
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to the macroinvertebrate community. North Carolina streams with poor sedimentation 

ratings were over two times more likely to receive a poor 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 regulating point and non-point 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, 

stabilizing 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 restoration activity, 

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 assessments 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 and with less 

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 Assessment Protocol (SVAP), 

respectively (Barbour et al., 1999; NRCS, 1998). State-level assessments such as Ohio’s 
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Qualitative Habitat Evaluation Index (QHEI) have also been created to better account for 

regional variation in topography, geology, ecology, and precipitation (OHEPA, 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 streams across 10 states within agricultural land 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. The qualitative assessments 

indicated only low to moderate correlation (R2 between 0.12 – 0.40) with fish and 

macroinvertebrate assessments. The authors attributed the dissonance between the rapid 

and biological assessment results in part to watershed degradation. Potential chemical 

pollution from the watershed’s agricultural runoff that was undetected by the qualitative 

visual assessments was hypothesized to be severe enough to impair the stream’s biota.   

As previously stated, the general goal of stream restoration is to restore or “uplift” 

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

the stream’s watershed condition. Urbanization—the increase of impervious area 

percentage—has been linked to degraded stream morphology and biota in natural streams 

(Schueler, 1994).  Recent studies suggest that this biological upper threshold limit also 

applies to restored streams. Violin et al. (2011) compared four urban degraded (non-

restored) streams, four urban restored streams, and 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 biotic index when compared to urban 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 streams in Germany, Sundermann et al. (2011) found that 

macroinvertebrate re-colonization was controlled by the upstream species pool located 

within 5 km from the restored reach. Restoration projects located downstream of a diverse, 

taxa-rich stream corridor performed 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 functions pyramid framework developed by Harman et al. (2012). 

Analogous to Maslow’s hierarchy of needs, this framework suggests that complete 

biological uplift cannot be achieved until the underlying tiers of hydrology, hydraulics, 

geomorphology, and physiochemical functions are restored. Hydraulics and geomorphology 

are reach-scale 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 through stream restoration alone.  
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In 2011, the North Carolina Stream Assessment Method (NCSAM) was introduced “to 

provide the public and private sectors with an accurate, consistent, rapid, observational, 

and scientifically based field method to determine the level of function of streams within 

North Carolina” (NCSFAT, 2011). Developed by the US Army Corps of Engineers, The North 

Carolina Division of Water Quality, and the North Carolina Department of Transportation, 

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

programming (e.g., IF-THEN statements) to produce hierarchical sets of ratings. Questions 

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

The objectives of this 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 assessment results, respectively. As previously 

mentioned, benthic macroinvertebrates respond to certain watershed factors. Modeling 

both the rapid and intense assessments against these two watershed-scale variables 

allowed us to determine if the two assessments respond similarly.  

Methods 

Site Selection and Impervious Area Calculations 

Sixty-three restored streams were chosen from a population of perennial, single-channel 

restored streams across North Carolina (Figure 2.1). Ecoregions were defined using NCSAM 

delineations, which follow EPA level III ecoregion borders for North Carolina Mountain and 
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Piedmont regions. NCSAM’s Inner Coastal Plains (hereafter Coastal Plains) ecoregion 

includes the EPA’s Southeast Plains and parts of the Middle Atlantic Coastal Plains 

ecoregions, while NCSAM’s Outer Coastal Plains region overlaps the Middle Atlantic Coastal 

Plains. No Outer Coastal Plains streams were evaluated in this study. Sites were selected 

from the North Carolina Clean Water Management Trust Fund (http://www.cwmtf.net) and 

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

online databases, based on site accessibility and access to design plans. Individual phases of 

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

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

through the removal of the culvert—were eliminated from the sampled population as they 

lack key aspects of stream restoration.  

 

Figure 2.1. Sampled restored 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 National Land Cover Database (NLCD) impervious area data (Multi-resolution Land 

Characteristics Consortium, http://www.mrlc.gov/nlcd06_data.php). The impervious area 

data consisted of 30 x 30 arcsecond cells that were assigned an impervious area percentage 

ranging from 0% to 100%, in increments of 1%.  Watershed 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 urban (Schueler, 

1994). 

The NLCD has been shown to underestimate impervious area by 1.4 ± 0.4% nationwide and 

3.2 to 5.5% in North Carolina (Nowak and Greenfield, 2010). The authors also found that the 

rate of impervious area underestimated was proportional to the actual 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 developed regions. 

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 labor-saving database for ecologists 

who wish to incorporate impervious area into their analyses. However, 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 programming (e.g., IF-THEN statements) to 

produce hierarchical sets of ratings. Checkbox-style questions are qualitatively answered 

based on a visual assessment of the reach and buffer. Field questions concern channel 

geomorphology, substrate particle size distribution, 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 NCSAM aquatic life question was answered by referencing the 

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

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

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

precipitation were verified with National Oceanic and Atmospheric Administration archived 

maps (http://water.weather.gov/precip). Questions concerning drought status were 

verified using archived drought maps from the North Carolina Drought Management 

Advisory Council (http://www.ncdrought.org/archive). The council classifies areas as having 

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

exceptional drought conditions. NCSAM adjusts for the stream’s watershed size when 

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 and NCSAM assessments averaged less than two hours.  

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

average of the individual metric ratings. In contrast, the output of NCSAM is calculated 

using conditional algorithms (e.g., IF-THEN statements) tailored for the site’s NCSAM stream 

classification. NCSAM protocols classify streams into 29 categories based on a combination 

of their ecoregion, watershed size, stream-flow type, valley type, and channel type (Table 

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 like North Carolina, this use of 

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

assessment. 

Table 2.1. Criteria (by columns) for NCSAM stream classification. For a given site, the corresponding 
value from each column is selected. These five characteristics determine the NCSAM stream 
classification.  

Ecoregions 
Watershed Sizes 

(km2) Flow Types Valley Types Channel Types 

Mountains <0.26 Perennial Broad and  
Braided 

Piedmont 0.26 - 1.3 Intermittent flatter slope 

Inner Coastal Plains 1.3 - 13 Tidal Confined and  
Not Braided 

Outer Coastal Plains >13 Tidal Marsh steeper slope 

 

The answers to the NCSAM field form are entered into a macro-enabled spreadsheet to 

produce the site’s ratings. The answer to each NCSAM form question can contribute to 
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more than one output; thus, there is no one-to-one relationship between NCSAM questions 

and NCSAM output. NCSAM ratings use the ordinal rating scale of low, medium, or high.  

NCSAM output is hierarchically arranged into five tiers. Tier 0 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 listed in Figure 2.2.  
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Figure 2.2. NCSAM output for a sampled stream. The site was neither tidal nor intermittent, hence 
the corresponding NA values. This site was classified as an “Mb2” stream, which corresponds to a 
Mountain site with a relatively steep slope and had a watershed area between 0.26 and 1.3 km2.  
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Benthic Macroinvertebrate Intensive Assessment 

The North Carolina State University Stream Restoration Evaluation benthic 

macroinvertebrate 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 certain taxa—specifically 

ephemeroptera, plecoptera, and trichoptera (EPT)—are 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 from in-situ samples 

analyzed with a 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 

shredders 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 analyses (R Core Team, 

2013). NCSAM results were used to predict benthic macroinvertebrate 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 variance-to-mean ratios were greater than one, a negative binomial 

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

entered as categorical variables. R-squared values reported throughout this study are 

deviance explained, or 1 – residual_deviance/null_deviance. Statistically, NCSAM’s tiers are 

not nested and therefore likelihood ratio tests among tier models were not performed. 

Instead, the Akaike information criterion (AIC) was calculated for comparisons among 

NCSAM tier models.  

It became apparent in 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.  



41 

Watershed impervious area percentage and ecoregion were used to predict benthic 

macroinvertebrate results. The shredders and predators metric indicated little relationship 

to impervious area and ecoregion and therefore its results were not included. Sites were 

first stratified by ecoregion and then modeled using regression analysis. Mountain and 

Piedmont macroinvertebrate results were modeled using a non-linear, 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., coef*imperviouspower).  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.  

Watershed 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 in-stream 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 proportional 

odds ordinal logistic regression (POLR) was used to account for the ordinal nature of the 

response variable.  To increase the power of the POLR analysis, the sample was not 

stratified by ecoregion. Instead, NCSAM results were modeled by impervious area, 

ecoregion, and impervious*ecoregion interaction. Models where the interaction term was 
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not significant were re-run using only main effects. R-squared does not properly exist for 

logistic regression.  

Results and Discussion 

Benthic Macroinvertebrate Responses and NCSAM 

NCSAM tiers with more variables (higher numbered tiers) did a better job of predicting the 

benthic macroinvertebrate scores than lower numbered NCSAM tiers (Table 2.2). The AIC 

values indicated that even with the added degree of model complexity, the tier 4 models 

remained the best choice. Detailed regression results for abundant EPT taxa are shown in 

Table 2.3. Scatterplots of the observed versus predicted scores for abundant EPT taxa are 

shown in Figure 2.3. 

Table 2.2. R-squared values (AIC) for the five macroinvertebrate metric scores modeled by NCSAM 
results by Tier.See Figure 2.2 or Table 2.3 for which NCSAM output variables are included in each 
NCSAM tier.  

NCSAM 
Tier 

# of 
NCSAM 

Variables 
Sample 
Size† 

Abundant 
Taxa 

EPT 
Abundance 

Abundant 
EPT 
Taxa 

Indicator 
Taxa 

Shredders 
& 

Predators 

Tier 0 1 63 
0.05 

(364.08) 
0.01 

(568.64) 
0.01 

(317.54) 
0.08 

(236.72) 
0.17 

(983.62) 

Tier 1 3 63 
0.38 

(344.43) 
0.17 

(562.86) 
0.27 

(305.01) 
0.32 

(229.74) 
0.24 

(513.69) 

Tier 2 7 62 
0.52 

(336.34) 
0.61 

(518.64) 
0.65 

(269.11) 
0.58 

(217.47) 
0.28 

(515.66) 

Tier 3 12 59 
0.59 

(330.70) 
0.67 

(506.91) 
0.71 

(266.91) 
0.72 

(213.21) 
0.28 

(505.33) 

Tier 4 14 44 
0.68 

(250.18) 
0.90 

(412.38) 
0.91 

(170.24) 
0.91 

(137.58) 
0.39 

(391.89) 

† Sample size varied due to “NA” output for certain NCSAM tiers 2 through 4 ratings. 
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Table 2.3. Chi-square values for 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 variables 7 # of variables 3 # of variables 1 

R2 0.91 R2 0.71 R2 0.65 R2 0.35 R2 0.01 
AIC 170.24 AIC 266.91 AIC 269.11 AIC 305.01 AIC 317.54 

Tier 4 
Variables: 

χ2 value 
Tier 3 

Variables: 
χ2 value 

Tier 2 
Variables: 

χ2 value 
Tier 1 

Variables: 
χ2 value 

Tier 0 
Variable: 

χ2 value 

Base Flow 0.44 Base Flow 3.68* Base Flow 2.26 

Hydrology 0.24 

Overall 0.95 

Floodplain Access 14.81*** 

Streamside Area 
Attenuation 

1.87 

Floodflow 0.54 

Wooded Riparian 
Buffer 

6.11* 

Microtopography 8.27* 

Channel Stability 24.56**** 

Stream Stability 1.32 Sediment Transport 6.02* 

Stream Geomorphology 0.06 

Base Flow NA Base Flow NA Base Flow NA 

Water 
Quality 

2.68 

Upland Pollutant 
Filtration 

7.03* 
Upland Pollutant 

Filtration 
4.29 Streamside Area 

Vegetation 
8.85* 

Thermoregulation 24.91*** Thermoregulation 7.42* 

Indicators of Stressors 1.71 Indicators of Stressors 1.72 Indicators of Stressors 2.30 

Aquatic Life Tolerance 5.38* Aquatic Life Tolerance 9.12* Aquatic Life Tolerance 21.47**** 

Base Flow NA Base Flow NA 

In-stream Habitat 28.50**** 

Habitat 22.34**** 

Substrate NA Substrate 11.45** 

Channel Stability NA Channel Stability 11.38*** 

In-stream Habitat 4.71* In-stream Habitat 3.72 

Stream-side Habitat 6.43* Stream-side Habitat 0.01 
Stream-side Habitat 6.67* 

Thermoregulation 10.62** Thermoregulation 1.00 

Significance denoted as *p < 0.1; **p < 0.01; ***p < 0.001; ****p < 0.0001,  based on Chi-square type II sum of squares 
"NA" denotes that the variable was a linear combination of other variables within the model (tier) and was therefore not included 
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Figure 2.3. 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. See Table 2.2 for additional model statistics.  
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Only habitat was significant with abundant EPT taxa in the tier 1 model (Table 2.3). As 

habitat and to a larger extent in-stream habitat (tier 2) evaluate the benthic 

macroinvertebrate habitat, the significance of these two outputs is evidence that NCSAM 

properly evaluated macroinvertebrate habitat, and that there was a significant connection 

between macroinvertebrate habitat and macroinvertebrate scores. However, as NCSAM’s 

overall rating appeared to be weighted mostly by 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 therefore should have good floodplain connectivity may somehow have 

contributed to the high correlation between NCSAM’s overall and hydrology ratings. While 

this led to poor prediction with benthic macroinvertebrates in this study (R2 = 0.01 to 0.17), 

the authors would expect higher R-squared 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 taxa have long been used as water quality surrogate metrics 

in streams (Tarzwell and Gaufin, 1953; NCDENR, 2012). However, streamside area 

vegetation (from tier 2) and thermoregulation (from tiers 3 and 4) variables—both 

components of NCSAM water quality—were 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) achieved an R2 

of 0.12 to 0.40 when using the overall ratings from the USEPA, NRCS, and Ohio EPA rapid 

habitat assessments to predict macroinvertebrate results. Note that a higher R2 value 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 R-squared cannot decrease when additional predictor variables are added to the 

model. Therefore, R2 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 macroinvertebrate results are described first. Scatterplots of select 

macroinvertebrate and NCSAM in-stream habitat metrics are shown in Figure 2.4. 

Parameter estimates for the macroinvertebrate models are listed in Table 2.4. The 

shredders and predators metric indicated little relationship to impervious area and 

ecoregion and therefore its results were not included.  
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Table 2.4. Parameter estimates (standard errors) for macroinvertebrate scores modeled by impervious area. Sample stratified by ecoregion 
in rows. Mountain and Piedmont sites were modeled using non-linear power regression; Coastal Plain sites were modeled using linear 
regression with linear and quadratic impervious area terms.  

Ecoregion Term 
Abundant 

Taxa 
EPT 

Abundance 
Abundant 
EPT Taxa 

Indicator 
Taxa 

Mountains 
(n=14) 

R2 0.66 0.61 0.73 0.53 

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 (0.10)** -0.44 (0.11)** -0.66 (0.29)* 

Piedmont 
(n=30) 

R2 0.53 0.50 0.66 0.57 

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 
Plains 
(n=19) 

R2 0.19 0.28 0.26 0.16 

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

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

Significance denoted as *p < 0.1; **p < 0.01; ***p < 0.001; ****p < 0.0001,  based on t-statistic 
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Table 2.5. Chi-square values for NCSAM ratings modeled by watershed impervious area percentage and ecoregion (five left columns). 
Parameter estimates (standard errors) for In-stream Habitat interaction term (right column).  

Variables Hydrology† 
Water 
Quality† Habitat† 

In-stream 
Habitat 

 

In-stream Habitat†† 

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 denoted as *p < 0.1; **p < 0.01; ***p < 0.001; ****p < 0.0001, based on Chi-square type II sum of squares.  
† The interaction term was not significant (NS) for hydrology, water quality, or habitat, so reported values are from an  

additive-only model 
†† Parameter estimates (standard errors) for the interaction term. Significance based on t-statistic. Effects coding was used  

for ecoregion levels.  
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Figure 2.4. Scatterplots of macroinvertebrate and NCSAM results verses watershed impervious area 
percentage, by ecoregions (columns). Fitted lines are shown for the macroinvertebrate metrics. 
ROW A: EPT abundance. ROW B: Abundant EPT taxa. ROW C: Indicator taxa. ROW D: NCSAM In-
stream Habitat. Macroinvertebrate threshold between poor and fair site scores are from the 
macroinvertebrate assessment protocols (NCSU, 2006). See Table 4 and Table 5 for additional model 
statistics.  

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

macroinvertebrate metrics within the Mountain and Piedmont ecoregions. R-squared 
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values ranged from 0.53 to 0.73 for the Mountain sites and was slightly lower for the 

Piedmont sites (R2 = 0.50 to 0.66). A sharp 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 above 10%. Our results 

corroborate other recent stream restoration studies (Violin et al., 2011; Sundermann et al., 

2011) that indicated how 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 EPT taxa 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, with R-squared values ranging 

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

stream was contingent upon the channel slope. In his survey of 63 streams in Oregon, Cole 

(2002) indicated that macroinvertebrate communities were significantly less diverse in low 

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 modeling high, medium, 

and low channel slopes from the mountains to the coast. This study’s data corroborates the 

findings by Schueler et al. (2009) and Cole (2002) that impervious area is less effective in 

predicting macroinvertebrate scores in lower gradient streams, whether they are natural or 



51 

restored. Because the term ecoregion encompasses 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 other watershed or reach-scale factors that may 

interact with impervious area when modeling biotic indicators.  

Within the Coastal Plain models, the quadratic impervious term was positive and significant 

for EPT abundance and abundant EPT taxa (p=0.0597 and p=0.0374, respectively).  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 imperviousness has 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 (non-significant) and Coastal Plains 

(significant) was likely a result of an increase in engineered 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 

their rural counterparts. Straightening a channel decreases the stream’s sinuosity, thus 

increasing the channel’s slope and water velocity. To mitigate this additional stress, a 

stream designer may include engineered additional structures such as log or cross-vanes 

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 increase bedform and habitat 

heterogeneity. This added engineered habitat may explain 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 perceptible near the 

coast—where low elevation gradients naturally create homogenous geomorphology—and 

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

heterogeneity even within urban watersheds.  

The minor increase in certain 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 

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

or Coastal Plains stream with an impervious area above 10% receive a “fair” rating based 

upon macroinvertebrate criteria (Figure 2.4). Therefore, these 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 

reach-scale efforts such as stream restoration adequately address watershed-scale 

impairment (Bernhardt and Palmer, 2011).  

The Effects of Urbanization on NCSAM Results  

For comparison with the previous section’s macroinvertebrate analysis, NCSAM tier 1 

hydrology, water quality, and habitat ratings were also modeled by ecoregion and 



53 

watershed impervious area. Because of its high significance with macroinvertebrate scores 

(recall Table 3) and its targeted evaluation of benthic macroinvertebrate habitat, NCSAM 

tier 2 in-stream habitat ratings were also analyzed. Scatterplots of in-stream habitat versus 

impervious area are shown in Figure 2.4, row D.  

Overall, NCSAM results were less affected by ecoregion and impervious area than were 

macroinvertebrate scores. The impervious*ecoregion interaction term was not significant 

with the NCSAM tier 1 variables, so the models were re-run using only main effect (Table 

2.5). The interaction term was significant in the in-stream habitat model, however.  For 

NCSAM hydrology, watershed 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 water quality ratings were not significantly predicted by watershed impervious area 

or ecoregion. Also, impervious area indicated a positive, non-significant effect (parameter 

estimate 0.022 ± 0.021, p=0.2887).  The lack of significance and the positive relationship 

was unexpected, as increased impervious area has a well-documented 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 commonly associated 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 that the non-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, excessive algae, 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 example, may not be. Therefore, the (non-significant) 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 significantly predicted 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 general received 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 are likely due to the predominance of sandy substrate and 

homogenous bedform that typify Coastal Plain streams. In their meta-analysis study, Shields 

and Milhouse (1992) identified sand-bed streams as supporting low levels of 

macroinvertebrate diversity compared to moderate and high diversity levels for cobble-
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gravel and boulder-cobble streams, respectively. The NCSAM habitat metric appear to 

account for this biological preference in dominant substrate size.  

The impervious*ecoregion interaction term was significant in the NCSAM in-stream habitat 

model. Similarly to NCSAM habitat, in-stream habitat rated Coastal Plain sites lower in 

general than Mountain and Piedmont sites. Impervious area had an overall negative effect 

(non-significant) on in-stream habitat ratings. 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 that in-stream habitat ratings increased along with 

watershed impervious area, for Coastal Plain restored streams. Also, the only Coastal Plain 

sites that did not receive a low habitat rating in this study were three urban restored 

streams. Once again we attributed this positive relationship between watershed impervious 

area and in-stream 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 assessment indicated a minor yet significant increase in scores along 

with high levels of watershed impervious area. The results from the benthic 

macroinvertebrate assessment indicated an increase in community size, while results from 

NCSAM indicated an increase in habitat. We suggest that these two findings 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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not enough to rise above a rating of “poor” based on macroinvertebrate criteria. We also 

note that while an increase in certain macroinvertebrate metrics in the Piedmont was 

visually apparent in scatterplots at high levels of impervious area (>30%), NCSAM in-stream 

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

area for the Piedmont. The NCSAM in-stream habitat results support our hypothesis that 

any benefits from engineered habitat for benthic macroinvertebrates would be more 

perceptible in areas of lower topographical 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 

(R2 = 0.01 to 0.17) but greatly increased when all of the NCSAM output used by the model 

to produce an overall score were used (R2 = 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 weight than habitat factors when calculating the 

NCSAM overall rating. Of NCSAM’s tier 1 metrics (hydrology, water quality, and habitat), 

only habitat significantly predicted benthic macroinvertebrate scores.  

Differences between how the benthic macroinvertebrate and NCSAM 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 impervious area, and NCSAM water quality 

results indicated no relationship with either ecoregion or impervious area.  

Benthic macroinvertebrate scores were well predicted by impervious area within the 

Mountains and Piedmont (R2 = 0.50 to 0.73). Watershed impervious area was a less 

effective predictor within the Coastal Plains (R2 = 0.16 to 0.28). Unexpectedly, 

macroinvertebrate scores within the Coastal Plains indicated a minor improvement at high 

levels of imperviousness (>15%). NCSAM results also indicated a positive relationship 

between in-stream habitat ratings and impervious area for Coastal Plain sites. We 

attributed this positive relationship between watershed impervious area and in-stream 

habitat ratings to an increase in engineered habitat in response to urban lateral 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: Field Evaluation of Restored Wetlands in North Carolina Using Floristic Indices, 

Rapid Assessments, and Environmental Parameters  

Abstract  

The restoration of previously-drained wetlands is an important mechanism in mitigating 

anthropogenic impacts to these existing ecosystems. Various floristic-based, rapid, and GIS-

based assessments have been developed to evaluate wetlands. While most if not all were 

originally developed for natural (i.e., not created or restored) wetlands, some have not 

been used extensively to evaluate restored sites. We assessed 30 restored wetlands across 

North Carolina using the USEPA National Wetland Condition Assessment protocols. Wetland 

assessments include the Vegetation Index of Biotic Integrity (VIBI), the Adjusted Floristic 

Quality Assessment Index (AFQI), the Floristic Assessment Quotient for Wetlands (FAQWet), 

the Ohio Rapid Assessment Method (ORAM), the North Carolina Wetland Assessment 

Method (NCWAM), and the Landscape Development Index (LDI). NCWAM is a new, rapid 

ecological assessment that uses conditional computer programming (e.g., IF-THEN 

statements) to produce an overall site rating as well as a hydrology, water quality, and 

habitat function ratings. Floristic indices and rapid assessment scores were not significantly 

different among mitigation providers. However, permittee-responsible sites received 

significantly higher LDI scores than in-lieu fee and mitigation bank sites. Overall, the 

correlations among the wetland assessments was low and not significant, with the 

exception being between the FAQWet level 3 assessment and level 2 ORAM and NCWAM 
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rapid assessments. A shared emphasis on site hydrology likely explains the relationship 

among these three assessments. While 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 assessments. Based 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 resource-intensive level 3 assessment 

reserved for questionable sites. 

Introduction  

Wetland ecosystem services such as supplying food and water, regulating climate and 

flooding, fostering recreational and educational activities, and supporting nutrient cycling 

and plant production (Millennium, 2005) have been conservatively estimated at $3.4 billion 

worldwide based on data from 630,000 km2 of wetlands (Schuyt and Brander, 2004). When 

extrapolated to the global estimate of 12.8 million km2 of wetlands (Finlayson, 1999), the 

estimated value of wetland services was $70 billion worldwide. Flood control, recreational 

fishing, general recreation, water filtering, and biodiversity were identified globally as the 

most economically valuable functions.  

These ecosystem benefits, however, have been jeopardized through the removal and 

degradation of the ecosystems that provide them. By the mid-1970, wetland in the 

conterminous United States had dropped from a pre-settlement estimated 870,000 km2 
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(Roe and Ayres, 1954) to 400,600 km2 (Tiner, 1984), a decrease of 54%. North Carolina has 

lost approximately 49% of its wetlands, from an estimated 44,900 km2 pre-settlement (Dahl, 

1990) to 23,000 km2 in mid-1980s (Hefner and Brown, 1985). Based on available data from 

2003, 85 km2 of wetlands in the United States that are removed or impacted annually are 

replaced with 176 km2 of mitigation wetlands, at a cost of $3.45 billion ($195,700 per ha), 

(ELI, 2007).  

In response to continued ecological impacts, the Clean Water Act of 1972 (33 USC § 1251) 

charged the United States to “restore and maintain the chemical, physical, and biological 

integrity of the nation’s waters.” Though the degradation of wetlands has been reduced in 

response to the Clean Water Act, impacts to existing wetlands continue to occur. 

Compensatory mitigation—the remedy of unavoidable impacts—may be satisfied through 

one of three different mechanisms: 1) permitee-responsible (when a developer that 

impacts an ecosystem restores another ecosystem), 2) mitigation bank (when a developer 

purchases mitigation credits from a private company), or 3) in-lieu fee (when a developer 

pays a fee to a state agency) (USEPA, 2012). Compensatory wetland mitigation has become 

a large industry across the U.S. and especially within the southeast. Based on USACE data, 

wetlands impacted under Section 404 of the Clean Water Act were mitigated in the U.S. on 

average with 2.03 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 every mitigation site is successful, however. In North Carolina, mitigation success rates 

in the mid-1990’s based on two independent studies were a low 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 comprehensive review of wetland mitigation projects 

across North Carolina reported marked improvements in mitigation success rates. Hill et al. 

(2013) assessed 83 wetland mitigation projects (8,000 ha) and reported a success rate of 

70% by sites and 64% by area. Significant differences in success rates were observed across 

North Carolina ecoregions, as Mountain site success rates were significantly lower than 

Piedmont and Coastal Plain region rates, by area. Also, permitee-responsible sites had a 

significantly higher success rate than North Carolina Department of Transportation (NCDOT) 

sites, by area. However, significant differences in success rates were not observed across 

mitigation providers based on project counts.  

The aforementioned Hill et al. (2013) paper provided an update on the current trends in 

North Carolina wetland mitigation. On a national scale, the U.S. Environmental Protection 

Agency (USEPA) currently completing the National Aquatic Resource Surveys (NARS), a suite 

of ecological surveys focusing on natural (i.e., not created or restored) ecosystems including 

rivers (2006), lakes (2007), coastal waters (2010), and wetlands (2011) (USEPA, 2011a). Field 

work for the National Wetland Condition Assessment (NWCA)—the wetland portion of 
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NARS—was conducted in 2011 and involved surveying 1,179 natural wetlands across the 

conterminous US and Alaska (USEPA, 2011a).  A final report of the NWCA findings is 

scheduled for publication in 2014.  

The NWCA protocols rely heavily on floristic data collected at each wetland. Biotic 

assessments that involve measurements of the flora or fauna community present at a site 

have long been used to rate the quality of an ecosystem. Floristic metrics and indices—

multiple metric scores combined to produce an index score that is typically rescaled to be 

within predefined range, e.g., 1 to 10—are commonly in part because vegetation is readily 

assessed and does not require the installation and long-term monitoring of wells. Also, 

because wetland vegetation is 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 include richness, diversity, and evenness. More recently 

developed floristic indices such as the Vegetative Index of Biological Integrity (VIBI; Mack, 

2004), the Floristic Quality Assessment 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 evaluate natural wetlands. Though some of these assessments have been applied to 

created or restored wetlands, few large sample (> 20) peer-reviewed studies of restoration 

projects exist.  
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Floristic indices (also known as level 3 assessments, see Brooks et al., 2004) require trained 

ecologists to identify species in the field. Recently 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 components are evaluated. 

RAMs are mostly qualitative, making them more efficient than quantitative biotic 

assessments. Rapid assessment methods include the USA Rapid Assessment Method (USA-

RAM; USEPA, 2011b), the hydrogeomorphic classification method (HGM; Brinson, 1993), 

and the Ohio Rapid Assessment Method (ORAM; Mack, 2001). Recently North Carolina has 

introduced the North Carolina Wetland Assessment Method (NCWAM; NCWFAT, 2010). 

Developed by the US Army Corps of Engineers, The North Carolina Division of Water 

Quality, and the North Carolina Department of Transportation, NCWAM is a rapid functional 

assessment that use conditional computer programming (e.g., IF-THEN statements 

calculated via a macro-enabled spreadsheet) to produce an overall site rating as well as a 

hydrology, water quality, and habitat function ratings. While NCWAM was extensively 

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 evaluation of 

Coastal Plain mitigation sites using NCWAM; see Steele, 2013, for an evaluation of natural 

headwater wetlands using NCWAM).  

Specific objectives for this study include 1) qualitatively describe the current state of 

wetland restoration in North Carolina across mitigation providers, 2) compare the results 
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among floristic indices, ORAM, and NCWAM using correlation and constrained 

correspondence analysis (CCA) ordination, and 3) determine the relationships between 

various environmental parameters and a GIS-based land disturbance index with the floristic 

indices, ORAM, and NCWAM scores. This will be the first time that these various ecological 

assessments have been simultaneously applied to wetlands—natural or restored—across 

the state of North Carolina. Also, 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 population of restored wetlands was collected from an internal North Carolina 

Division of Water Quality (NCDWQ) maintained database of mitigation sites. (Note that the 

NCDWQ merged with the North Carolina Division of Water Resources (NCDWR) on August 

1, 2013, after field work for this project was completed.) Site criteria for this study included 

being a restored mitigation wetland permitted between 2002 and 2006, older than four 

years old post-construction, with an area of at least 0.1 ha, and a width of greater than 20 

m (for linear wetlands). Selected restoration projects were restricted to those completed 

after 2001 to coincide with new compensatory mitigation guideline recommendations 

published by the National Research Council (NRC, 2001). This criterion helped ensure that 

current restoration science and construction techniques were evaluated in this study. The 
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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 site-to-site variability. After screening the 

NCDWQ maintained database with the aforementioned site criteria, the target population 

contained 42 in-lieu fee, 11 mitigation bank, and 11 permittee-responsible restored 

wetlands.  

Documented vegetation and hydrology success was also a target population site criterion. 

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. Success was defined 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, 1987), consecutively).  

Adequate if not equal sampling among mitigation providers (in-lieu fee, mitigation bank, or 

permittee-responsible) was desired. In this study, in-lieu fee (ILF) referred to mitigation sites 

under the North Carolina Ecosystem Enhancement Program (NCEEP), mitigation bank 

referred to sites restored by an ecosystem mitigation company, and permittee-responsible 

referred to sites restored by private companies, local municipalities, county governments, 

or the North Carolina Department of Transportation (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 random-tessellation stratified (GRTS) design 
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(Stevens and Olsen, 2004), which spatially balances selected sites where simple random 

sampling may not. The mitigation bank and permittee-responsible sites were randomly 

ordered and the first ten were to be used for the study. Mitigation bank or permittee-

responsible sites were replaced with in-lieu fee sites if a mitigation bank or permittee-

responsible site was not deemed usable.  

Ultimately 30 restored wetlands were surveyed (Figure 3.1). Twenty-seven of the 30 

restored wetlands were located within rural watersheds (< 10% impervious cover). Of the 

remaining three, two were located adjacent to a large retail store’s parking lot, while the 

third was a riparian wetland situated within a residential neighborhood (<0.1 ha lot size). At 

least 26 of the rural sites were previously row crop or hay production before restoration, 

based on historic aerial imagery. Field sampling occurred during the growing season 

between July 1st and September 30th, 2012. 
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Figure 3.1. Sampled restored wetlands (n=30) by USEPA ecoregions. Mitigation 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, 2011b). The wetland assessment area was defined as the area 

enclosed by a 40 m radius circle (0.5 ha) of a randomly generated sampling point. Five 10 x 

10 m vegetation plots, typically arranged in a “+” pattern aligned to the cardinal directions, 

were laid out within the wetland assessment area (Figure 3.2). Within the southwest and 

northeast corner of each 100 m2 plot was a pair of 1 m2 and 10 m2 nested quadrants. Linear 

wetlands, wetlands with sampling obstructions such as deep water, or wetlands smaller 

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

layout, per NWCA protocols. However, five 10 x 10 m vegetation plots were always sampled 
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regardless of the layout configuration. The sampling point at the center of the assessment 

area was randomly selected from within the wetland component boundary 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 restoration. Therefore, 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 surveyed. Per NWCA protocols, the center of the assessment area was moved as much 

as 60 m in any direction if a vegetation plot was unable to be sampled due to deep water or 

upland areas, for instance. In restoration sites where trees were planted, the center of the 

assessment area was also moved as much as 60 m in order to better assess the intended 

dominant vegetation.  
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Figure 3.2. Typical site layout for vegetation, soil, and landscape development index (LDI) 
assessments, approximately to scale.  Layout of vegetation plots and soil pits per NWCA protocols 
(USEPA, 2011b). The 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 pits adjacent to the southeast corner of a vegetation plot. The LDI 
assessment area is denoted by the gray buffer area (100 m radius). Map inset of a vegetation plot 
highlights the nested plots that are present in all five plots.  

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

Unknown species were collected for later identification by NCDWQ or the University of 
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North Carolina herbarium staff. Coverage of each species rooted in or overhanging the plots 

was estimated from 1% to 100% for each plot, with species occupying less than 1% (1 m2) of 

a plot assigned 0.1% coverage per NWCA protocols. Wetland indicator status 

(http://plants.usda.gov/wetland.html) and non-native status (http://plants.usda.gov/java/) 

were determined for each identified species. Additional vegetation metrics such as tree 

diameter at breast height (DBH) and percent bare ground cover were also collected. Three 

floristic indices (level 3 assessments) that include VIBI, AFQI, and FAQWet were calculated 

from the vegetation coverage data and applied to all sites.  

VIBI 

The Ohio Vegetation Index of Biotic Integrity version 1.3 (VIBI; Mack, 2004) has been 

applied extensively to both natural, restored, and created wetlands (Mack 2004; Mack 

2006; Micacchion et al., 2010; PG Environmental, 2012; Stapanian et al., 2013). VIBI scores 

are a summation of 10 equally weighted floristic metrics. The specific metrics used are 

determined by the dominant vegetation type (emergent, shrub, or forested; Cowardin et 

al., 1979). Only the floristic quality assessment index (FQAI), percent tolerant, and percent 

sensitive metrics are common to all three wetland vegetation type VIBI scores (Table 3.1).  
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Table 3.1. Metrics for calculating VIBI scores (adapted from Mack, 2004).  

VIBI-emergent VIBI-shrub VIBI-forested 

Carex Carex - 
Dicot, native Dicot, native - 
Shrub, native, wetland Shrub, native, wetland - 
Hydrophyte, native Hydrophyte, native - 
Annual:Perennial ratio - - 
FQAI FQAI FQAI 
% Tolerant % Tolerant % Tolerant 
% Sensitive % Sensitive % Sensitive 
% Invasive graminoids - - 
% Unvegetated - - 

- - Shade† 
- Seedless vascular plants Seedless vascular plants 
- - % Hydrophyte 
- % Bryophyte % Bryophyte 
- - Pole timber density 
- Subcanopy IV† Subcanopy IV† 
- - Canopy IV 

† Metric not used in VIBI calculations due to a lack of regional data and/or  
NWCA methodology limitations.  

VIBI score is the summation of each metric from the appropriate column 
VIBI scores calculated with less than 10 metrics were scaled to a maximum  

potential value of 100 
FQAI = Floristic Quality Assessment Index (Andreas et al., 2004) 

 

VIBI formulas used were originally developed for Ohio. Due to incompleteness in regional 

data for shade tolerance ratings for certain North Carolina species and limitations of the 

NWCA method related to the measurement of shrub species DBH, one metric for VIBI-shrub 

and two metrics for VIBI-forest were dropped. In addition, the biomass metric for VIBI-

emergent was replaced with the percent unvegetated metric as per VIBI methodology on 

emergent mitigation wetland sites. To allow for comparisons among VIBI-emergent and 
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other published studies, the potential maximum value of shrub and forest VIBI scores were 

scaled up to 100.  

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

known as the Wetland Tiered Aquatic Life Uses (WTALU; Mack, 2004). Sites that received a 

VIBI score between 0 to 29 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 wetlands. Field evaluation 

classified 23 (77%) of the sites in our study as HGM type riverine (Brinson, 1993) when using 

the appropriate NWCA form. The rest of the sites with the exception of one were HGM 

classified as flats. Mack’s study (2004) did not provide WTALU rating thresholds for flats. 

Therefore the riverine threshold values for determining WTALU were applied to all of the 

sampled sites for this study.  

AFQI 

The adjusted floristic quality assessment index (AFQI; Miller and Wardrop, 2006), a 

modification of the floristic quality assessment index (FAQI; Andreas et al., 2004), was 

calculated for each site. The AFQI score for a site is  

     
    

  √      

       
 ̅√       

  √      

                  (Equation 1  
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where  ̅ is the average of the coefficient of conservatism (C) values, Nnative is the native 

species richness, and Ntotal is the total species richness. Since it is dependent upon species 

richness, AFQI has no theoretical upper bound. The C value is an index that describes a 

species’ fidelity toward a specific habitat type. The minimum C value of zero describes a 

plant that tolerates a wide range of habitats; the maximum C value of 10 indicates a plant 

has a high degree of fidelity for a narrow range of habitats. Ruderal species (species that are 

the first to colonize disturbed lands) receive lower C values than more habitat-sensitive 

species (Taft et al., 1997). See Taft et al. (2007) for more detailed criteria of C values. C 

values have yet to be published for all North Carolina species. Therefore, C values for North 

Carolina wetland species (partial list) developed for other NCDWQ wetland studies (Baker et 

al., 2008; Savage et al., 2010; Baker et. al, 2013) and Virginia wetland species list (DeBerry et 

al., 2006) were used in this study. Only 15 out of 434 observed species (3%) did not have a 

regionally published C value. Another 55 taxa were not identified to species level due to a 

lack of identifiable characteristics (e.g., Carex species without seedheads) and therefore 

were excluded from AFQI calculations.  

As previously mentioned, the AFQI is a modification of the FQAI. FQAI has been used 

extensively to assess wetlands nationwide (Lopez and Fennessy, 2002; Mack, 2004; Cohen 

et al, 2004; Bourdaghs et al, 2006; Johnston et al., 2009). However, various studies found 

FQAI scores to be positively correlated with site size and site richness (see Ervin et al., 

2006). Bias toward site richness could be a problem if vegetation plot size or wetland type 
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varies across sampled sites. For example, a pocosin wetland will typically have lower 

richness than a riverine swamp, even if both wetlands are of high quality. In contrast to 

FQAI results, AFQI scores have been shown to not suffer from collinearity with native 

richness (Miller and Wardrop, 2006). The same study reported that both FQAI and AFQI 

scores correlated well with a land disturbance index, but AFQI did a better job of 

discriminating between low and moderately disturbed sites. Given 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, the Floristic Assessment Quotient for Wetlands 

(FAQWet; formula version 3 in Ervin et al., 2006) uses wetness coefficients based on the 

readily available national wetland indicator status categories 

(http://plants.usda.gov/wetland.html, see Table 3.2). The FAQWet score for a site is  

       
  ̅̅ ̅̅ ̅         

√      

                        Equation 2) 

where   ̅̅ ̅̅ ̅ is the average of the wetness coefficient values, Nnative is the native species 

richness, and Ntotal is the total species richness.  
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Table 3.2. Wetland indicator status and corresponding wetness coefficient  
(adapted from Ervin et al, 2006).  

Indicator Status† 
Probability of 

occurrence in wetlands 
Wetness 

Coefficient 

Obligate (OBL) >99% +5 
Facultative Wetland (FACW) 67-99% +3 
Facultative (FAC) 34-66% 0 
Facultative Upland (FACU) 1-33% -3 
Upland  (UPL) <1% -5 

† The most recently available (2012) wetland plant list does not include  
plus (+) or minus (-) designations 

 

Rapid Assessment Methods (RAM) 

ORAM 

The Ohio Rapid Assessment Method (ORAM; Mack, 2001) was applied to all sites. ORAM 

version 5.0 has been rigorously tested on natural, restored, and created wetlands across 

Ohio (Mack, 2006). ORAM scores (range of 0 to 100) are a summation of six metrics that 

include wetland size (6 pts), wetland buffers (14 pts), hydrology (30 pts), habitat (20 pts), 

and vegetation (20 pts) (maximum points per metric in parentheses). The sixth metric, 

special wetlands (10 pts), is appropriate for specific Ohio wetland types and therefore was 

not answered in this study. Subsequently, ORAM scores were rescaled to reflect a potential 

maximum score of 100 to allow for comparisons with other studies.  

ORAM-ordinal is an ordinal version of the ORAM score. Low quality sites that received an 

ORAM score from 0 to 29.9 are classified as Category 1, scores from 30 to 34.9 are classified 

as Category 1 or 2, scores from 35 to 59.9 are classified as Category 2, scores from 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 quality Category 3 (Mack, 2006).  

NCWAM 

The North Carolina Wetland Assessment Method version 4.1 (NCWFAT, 2010) was also 

applied to all sites. NCWAM was developed for natural wetlands, but has been applied to 

North Carolina Coastal Plain mitigation sites (Burton, 2008). Answers to the NCWAM field 

form were entered into a macro-enabled spreadsheet that uses conditional computer 

programming (e.g., IF-THEN statements with Boolean operators) to produce an overall site 

rating as well as hydrology, water quality, and habitat function ratings (Figure 3.3). Due to 

the use of conditional computer programming, there is not necessarily a one-to-one 

relationship between a specific field form question and a given output. Wetland functions 

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

The NCWAM wetland type (Table 3.3) 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 dominant vegetation criteria via the 

NCWAM dichotomous key. The target population was initially limited to riverine or riparian 

restored wetlands that had been planted with trees and shrubs, to minimize site-to-site 

variability. However, during field assessment it became apparent that some sites were 

misclassified in the database.  
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NCWAM protocols assess microtopography, soil texture, hydric soil indicators, non-soil 

hydric indicators, visible stressors, riparian buffer width, wetland size, connectivity with 

non-wetland natural area, wetland buffer width to non-forested 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 

addition to assessing the wetland’s function, NCWAM can determine whether the wetland 

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 the assessed area, and 3) within the watershed and a 

two mile radius of the assessed area. Geographic information system (GIS) raster land cover 

data from the National Land Cover Database (http://www.mrlc.gov/) or aerial imagery may 

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

optional, do not influence wetland functional ratings, and were not analyzed in this study.  
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Figure 3.3. NCWAM output for a sampled site.  All wetlands receive overall and main function 
ratings. However, certain wetland types are not rated for all sub-functions and therefore receive 
“NA”.  
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Table 3.3. Distribution of sampled wetland types by NCWAM (n=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-Tidal Freshwater 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 level 1 GIS-based 

assessment (Brooks et al, 2004), was calculated for each site. LDI scores are a weighted 

summation of the land use percentages, 

    ∑                               (Equation  ) 

where %LUi is the discretized land use area fraction (0 to 1.0) and Ci is the corresponding 

land development intensity coefficient. Land uses within a 100 m buffer around the wetland 

assessment area were discretized in ArcMap version 10.0 (ESRI, 2010) manually using recent 

aerial imagery (Figure 3.2). LDI coefficients range from 1 (natural areas or open water) to 10 
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(heavily urbanized areas) and represent the amount of supplemental emergy needed to 

maintain the given land use, log transformed. Emergy (from the “memory of energy”) is the 

summation of all the energy used to produce an item, including all the energy used to 

produce the individual components of said item (Brown and Vivas, 2005). The emergy-

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

been applied to land uses in other states (Mack, 2006; Micacchion et al., 2010).  

Soil and Water Analysis Protocols 

The soil methodology used in this study was a modification of the NWCA soil protocols 

(USEPA, 2011b) and were similar to the protocols outlined by PG Environmental (2012). 

Four soil pits were dug within 1 m of the southeast corners of the outer vegetation plots at 

each site (Figure 3.2). Texture, matrix color, depth to water or saturation level, and 

redoximorphic field indicators (NRCS, 2010) were noted at 12, 20, and 30 cm depths for 

each soil pit. A composite soil sample from the surface to 30 cm deep was collected from 

the most representative pit and sent to an independent laboratory where a suite of 

macronutrients, micronutrients, physical, and chemical properties were measured. A 

separate bulk density sample was collected laterally within the soil pit at a depth of 15 cm 

and sent for lab analysis.  

Water quality measurements were collected within the wetland assessment area at sites 

with standing or flowing water greater than 15 cm deep (15 out of 30 surveyed sites), per 

NWCA protocols. Dissolved oxygen, specific conductivity, and pH values were measured in 
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the field using a YSI 2030 water quality meter. Grab water quality samples taken per NWCA 

protocols  were analyzed for Total Kjeldahl nitrogen (TKN), nitrate and nitrite (NO3/NO2 - N), 

ammonia (NH4
+ - H), and phosphorus content at the NCDWQ laboratory.  

Statistical Analyses 

The R statistical software package version 2.15 was used to analyze the data (R Core Team, 

2013). Throughout our study, Pearson correlations were used to compare interval 

measurements while Spearman correlations were reserved for ordinal measurements such 

as NCWAM ratings (Stevens, 1946). Correlation values between floristic indices (level 3) and 

rapid assessments (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 described as a resource for vegetation were log transformed 

prior to analyses (Palmer, 1993). Age of a restored wetland was also log transformed, as the 

vegetation structure of a nascent wetland was assumed to change non-linearly with time. 

Variables already expressed in a log scale (pH and LDI—see Brown and Vivas (2005) for the 

formulation of the land development intensity coefficients) were not transformed. 

Significant relationships between VIBI, AFQI, FAQWet, and ORAM scores and categorical 

variables were tested using ANOVA F-tests; significant relationships between 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 identified vegetation species. The R package “vegan” 
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was used to generate the plots (Oksanen et al., 2013). CCA has been shown to be superior 

in certain respects to correspondence analysis (CA), detrended correspondence analysis 

(DCA), and non-metric dimensional scaling (NMDS) ordination methods (Palmer, 1993). 

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 linear combinations of 

separately measured factors. In our study, CCA was constrained by the three floristic index 

scores, as indicated with arrows emanating from the plot’s origin. In general, a site’s score 

increases as its plotted location moves in the direction of the arrow. Longer arrow length 

denotes a stronger correlation between the floristic index and the ordination results 

computed from the vegetation coverage data. Weighted average site scores were plotted 

on the first two CCA axes, per Oksanen et 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 using thin-plate splines from a general 

additive model (GAM). Overlaid NCWAM polygons represent the extent of each NCWAM 

rating in ordination space.  

Results and Discussion 

Overview of Restoration Sites 

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

on initial field inspections, immaturity of the vegetation structure of the forested sites 
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notwithstanding. At a few sites, the planted trees displayed poor vigor, most likely due to 

site conditions being too dry for the planted taxa. For example, planted cypress (Taxodium 

spp.) were performing poorly at one site, while volunteers like sweet gum (Liquidambar 

stryraciflua), loblolly pine (Pinus taeda), and red maple (Acer rubrum) were volunteering. 

This may imply that this restoration was dryer than intended, or that the planting list was 

not appropriate for the designed soil saturation levels. Six sites had highly disturbed soils 

from either the construction process or previous land use. Two of these sites did not have 

apparent soil horizons. Both sites were adjacent to a large retail store and involved 

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

soil horizons.  

Sixteen out of the 30 mitigation projects included a stream channel that was located within 

15 m of the assessment area boundary. Fifteen of these streams were restored in 

conjunction with the wetland. All of the restored streams were in stable condition, though 

three out of the 15 streams had noticeably low water levels, with one streambed covered in 

herbaceous wetland vegetation. The bankfull depth of these three restored streams 

appeared appropriate (i.e., not incised). Therefore it did not appear that these three 

restored streams were adversely affecting the wetland’s hydrology by acting as a drainage 

ditch. Maps from the North Carolina Drought Management Advisory Council 

(http://www.ncdrought.org/archive/index.php) indicated no drought conditions at the time 

these three sites were surveyed. However, aerial imagery dating back to 1994 indicated no 
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stream was previously located where the three restored streams were constructed. Also, 

each of the three streams flowed roughly parallel as opposed to obliquely toward the 

receiving river. 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 observed at these three sites.  

Three out of the 30 restored wetlands were located near large, incised rivers. Two of these 

sites were located approximately 100 m away from an incised river. No hydric soil field 

indicators were observed at one of these sites, while only the bottom of the 30 cm soil pits 

indicated signs of saturation at the other site. The third site, located approximately 25 m 

away from the incised river, was the only restored wetland out of 30 to receive a low 

NCWAM rating. All three of these sites received VIBI scores less than 50, which 

corresponded to a Restorable Wetland Habitat WTALU rating. It is likely that the incised 

river was producing a lateral drainage effect (Skaggs et al., 2005) on the sub-surface 

hydrology on the site 25 m away from the incised river, though no groundwater modeling of 

these three sites was performed due to insufficient field measurements. The probability 

that the incised rivers located 100 m away were having 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 significantly affected assessment scores are listed in 

Table 3.4. Assessment scores did not significantly differ among mitigation providers. A 

recent study of 60 restored and created wetlands in Ohio also found no significant 

difference between VIBI scores from bank and permittee-responsible sites (PG 

Environmental, 2012). Ohio does not have in-lieu fee wetlands.  

Table 3.4. ANOVA F-values (unless noted) between categorical factors and wetland assessments.  

 
Floristic Assessments Rapid Assessments 

Factors VIBI AFQI FAQWet ORAM NCWAM† 

Dominant Vegetation 5.84* 3.57 4.45* 0.90 0.792 
HGM Classification 0.31 2.39 0.11 0.18 0.100 
Ecoregion 0.69 1.80 0.27 0.61 0.927 
Mitigation Provider 1.31 0.13 0.37 0.20 0.834 
Sandy Soil 2.44 1.06 1.78 1.99 1.000 

Significance denoted as *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001  
† Fisher exact test pvalue reported 
Dominant Vegetation = emergent (17) vs woody (13); HGM Classification = riverine  

(23), flat (6), or tidal fringe (1); Ecoregion = Mountains (2), Piedmont (10),  
Southeast Coastal Plains (8), or Coastal Plains (10); Mitigation Provider = in-lieu  
fee (15), mitigation bank (9), or permittee-responsible (6); Sandy Soil = < 50%  
sand (1 ) vs ≥ 50% sand (17). Numbers in parentheses are sampled sizes.   

 

Herbaceous sites received significantly higher VIBI and FAQWet scores than woody sites 

(ANOVA F-test, p<0.05).  Mean scores for VIBI were 69.9 and 56.1, while mean scores for 

FAQWet were 12.2 and 8.6 for herbaceous and 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 vegetation. No other tested categorical factors had a significant effect on 

assessment scores.  

Floristic Indices and Rapid Assessments 

The distributions of Wetland Tiered Aquatic Life Uses (WTALU; derived from VIBI scores), 

ORAM-category, and NCWAM ratings are shown in Figure 3.4. No conversion criteria from 

raw scores to ordinal rankings exist for AFQI or FAQWet; therefore these indices were not 

plotted. WTALU, ORAM, and NCWAM scores agreed that few (0 or 1) restored wetlands 

surveyed were of low quality, but disagreed in their distribution of medium to high quality 

sites. The WTALU distribution from low-medium to high ratings was relatively uniform. 

WTALU results from this study indicated higher quality restored wetlands than in other 

studies of created and restored wetlands (Micacchion et al., 2010; PG Environmental, 2012) 

and natural urban wetlands (Mack and Micacchion, 2007). The rapid assessment 

distributions, however, were unimodal and generally rated sites more highly than WTALU. 

ORAM rated 24 sites (80%) as medium quality (category 2), while NCWAM rated 24 sites 

(80%) as high quality wetlands. Another study reported a similar NCWAM distribution 

where a majority (65%) of the sampled restored North Carolina wetlands received a high 

rating (Burton, 2008).  
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Figure 3.4. Frequency of sites versus categorical assessment rating, by wetland assessment.  For this 
plot, Ohio Rapid Assessment Method (ORAM) Category 1, Category 1 or 2, Category 2, Category 2 or 
3, and Category 3 categories correspond to Low, Low-Med, Medium, Med-High, and High, 
respectively (Mack, 2006). Similarly, Wetland Tiered Aquatic Life Uses (WTALU) “Limited quality 
wetland habitat”, “Restorable wetland habitat”, “Wetland habitat”, and “Superior wetland habitat” 
correspond to Low, Low-Med, Medium, and High, respectively (riverine hydrogeomorphic (HGM) 
class; Mack, 2004). Potential NCWAM ratings are low, medium, or high. 

Overall, the scarcity of sites that received a low quality rating is encouraging. The fact that 

WTALU classified 11 sites ( 7%) as “restorable” could be due in part to the immaturity of 

the sampled restorations (project age ranged from 5 to 11 years). ORAM and NCWAM 

ratings were less harsh, with almost all (n=29) of the restored wetlands were classified as 

medium or high quality. Though WTALU did rate more sites as superior quality (n=9) than 

did ORAM (n=5).  
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Correlations among floristic index scores are listed in Table 3.5. Only VIBI and FAQWet were 

significantly correlated (r=0.39, p=0.037; Figure 3.5), and only after the removal of one site 

with a Cook’s distance greater than 4/n, where n is the sample size (Cook, 1979). The site in 

question was rather wet with a preponderance of Typha spp. (cattails), but would not have 

been considered an outlier based on visual inspection.  

 

Figure 3.5. Scatterplots of floristic indices.  LEFT: VIBI vs AFQI; r=-0.05; p=0.802. 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 significant only after one emergent 
site, denoted by a upside down triangle (▼), with a relatively high Cook’s distance value was 
removed. See Table 5 for additional statistics. 
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Table 3.5. Pearson correlation values (unless otherwise noted) between wetland assessments. 

 
 

Floristic Indices 

Parameters Mean (SD) VIBI AFQI FAQWet 

Floristic Indices 

VIBI 63.9 (16.7) - - - 
AFQI 35.5 (3.8) -0.05  - - 
FAQWet 10.6 (4.9) 0.28†† 0.23  - 

ORAM Assessment 

ORAM 51.6 (9.3) 0.15  -0.04  0.44* 
ORAM-Ordinal† - 0.12  0.11  0.28  
ORAM-Size 4.2 (1.2) -0.09  0.25  0.01  
ORAM-Buffer 8.4 (3.1) 0.01  0.05  -0.05  
ORAM-Hydrology 15.8 (5.0) 0.13  -0.15  0.39* 
ORAM-Habitat 9.4 (1.9) 0.12  0.16  0.44* 
ORAM-Vegetation 8.6 (2.3) 0.19  -0.14  0.44* 

NCWAM Assessment† 

NCWAM† - 0.05  -0.07  0.25  
NCWAM-Hydrology† - -0.04  -0.03  0.33 
NCWAM-Water Quality† - 0.06  -0.14  0.07  
NCWAM-Habitat† - -0.08  -0.17  -0.13  

Significance denoted as *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001 
† Spearman correlation values reported 
†† Significant after one site was removed; r=0.39, p=0.037 

 

The lack of correlation among floristic indices implies that each index evaluated a different 

aspect of the wetland’s condition, even though all three index scores were calculated from 

the same vegetation coverage data. FAQWet scores can be viewed as a richness metric 

weighted by the taxa’s affinity for saturated conditions, while AFQI scores can be viewed as 

a richness metric weighted by the taxa’s fidelity for habitat conditions. Therefore a site may 

receive both a high FAQWet score and a low AFQI score if it is a wet site colonized with 

exotic invasive and ruderal species. VIBI is theoretically a more robust assessment in that 
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the score is a summation of 10 metrics that evaluate functional groups (e.g., dicot richness) 

and community structure (e.g., pole timber density) in addition to hydrophytic affinity and 

floristic quality (recall Table 1.1).  

Of the three floristic indices, FAQWet scores correlated most strongly with the rapid 

assessment scores (Table 3.5; Figure 3.6). FAQWet was significantly correlated with ORAM 

(r=0.44, p=0.015) and marginally correlated with NCWAM-hydrology (Spearman ρ=0.  , 

p=0.080). Many rapid assessment methods emphasize site hydrology metrics above other 

parameters. For example, hydrology accounts for a larger portion (30%) than any other 

ORAM metric. Also, the NCWAM-hydrology parameter had a higher correlation (Spearman 

ρ=0.90, p<0.0001) with the overall NCWAM score than NCWAM-water quality or NCWAM-

habitat scores in this study.  This emphasis on hydrology likely explains why the rapid 

assessments correlated more strongly with FAQWet—an index calculated using wetness 

coefficients— than with the VIBI or AFQI indices in our study.  

VIBI and ORAM scores were not significantly correlated in this study of restored wetlands. 

VIBI and ORAM have shown high levels of correlation (R-squared values from 0.60 to 0.79) 

for natural wetlands (Mack, 2006; Micacchion et al., 2010). While a few restoration projects 

were sampled in the aforementioned studies (7% and 13%, respectively), a separate 

correlation analysis containing only restoration projects was not reported. A search of the 

existing literature also found no comparison of VIBI and ORAM results of restoration 

projects only. One study suggests that the physical disturbances associated with wetland 
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construction may bias rapid assessments that penalize habitat disturbances (PG 

Environmental, 2012). The fact that 23 out of 30 sites in our study were rated higher by VIBI 

than ORAM could be interpreted as corroborating this theory. However, only six sites had 

evidence of highly disturbed substrate based on field evaluations of multiple soil pits per 

site.  
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Figure 3.6. Scatterplots of floristic index scores versus ORAM (LEFT) and NCWAM (RIGHT, jittered 
horizontally to clearly display points) rapid assessment scores. Lines for ORAM plots are least 
squared fit. Lines for NCWAM plots connect mean scores for low, medium and high NCWAM sites. 
Solid lines denote significant correlation (p<0.05). Pearson r and Spearman ρ correlation values 
provided. See Table 3.5 for additional statistics. 
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Constrained Correspondence Analysis (CCA) Ordination  

Constrained correspondence analysis (CCA) ordination 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 

assessment evaluated a different facet of the wetland vegetation structure (Figure 3.7). This 

agreed with the previously mentioned low correlation among floristic indices (recall Table 

3.5 and Figure 3.5). Coincident or opposing vectors would have indicated perfect collinearity 

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 (recall Table 3.5 and Figure 3.6). 

Categorical and ordinal ratings such as NCWAM’s low, medium, and high ratings were 

represented using convex polygons that denote the extent in ordination space of a given 

rating. Non-overlapping 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 based on the overlapping NCWAM rating 

polygons. NCWAM-hydrology 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 non-significant (p<0.05) correlation between both 

NCWAM and the floristic indices.  
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Figure 3.7. Constrained Correspondence Analysis (CCA) plots. Sites symbols denote wetland type. 
Vectors indicate positive direction of floristic index score gradient. LEFT: Overlaid ORAM rating 
contours from thin plate splines via a general additive model. RIGHT: Extent of NCWAM ratings 
indicated by convex polygon hulls. Singular site that received an NCWAM low rating denoted by a 
upside down triangle (▼). 

Soil 

Field analysis of 30 cm soil pits indicated that six sites had highly disturbed soils from either 

the construction process or previous land use, with two of these sites lacking any apparent 

soil horizons. All mitigation providers were represented across these six sites. Two of these 

six sites were located adjacent to a large retail store parking lot in an urban setting, while 

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

Laboratory analysis of composite soil samples indicated that 8 out of 22 soil parameters (log 

transformed) were significantly correlated with at least one of the floristic indices (Table 

3.6); however, no soil parameter was significant with all three floristic indices. Both sand 

and clay soil percentages were significantly correlated (negatively and positively, 
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respectively) with VIBI (p<0.05) and marginally correlated with FAQWet (p<0.1), while 

percent silt was not significant with any assessment. 
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Table 3.6. Median (range) values and Pearson correlation values (unless noted) between soil parameters (log transformed) and assessments, 
n=30 unless noted.  

   Floristic Indices Rapid Assessments 

Soil Parameter Units Median (Range) VIBI AFQI FAQWet ORAM NCWAM4 

Soil Organic Matter1 % 2.5 (0.5-43.3) 0.01  0.33 0.14  0.16  0.04  
Bulk Density g/cm3 1.1 (0.5-1.4) -0.07  -0.44* -0.21  -0.23  -0.03  
Sand % 54.0 (30.0-80.0) -0.38* -0.17  -0.34 0.18  -0.27  
Clay % 10.0 (3.0-33.0) 0.41* 0.17  0.34 -0.01  0.26  
pH-soil3 - 5.0 (4.0-6.1) -0.32 -0.47** -0.16  0.07  0.19  
Buffer Index - 6.6 (6.1-6.9) -0.31 -0.38* -0.36 0.08  -0.05  
Cation Exchange Capacity meq/100g 8.2 (2.4-20.0) 0.19  0.13  0.42* -0.05  0.18  
Carbon:Nitrogen ratio1 - 12.8 (4.1-19.8) -0.21  0.31  0.12  0.13  -0.13  
Carbon1 % 1.5 (0.2-9.5) -0.18  0.40* 0.21  0.07  0.03  
Nitrogen % 0.1 (0.0-0.9) -0.14  0.46* 0.23  0.13  0.14  
NO3 ppm 17.0 (1.0-74.0) 0.26  0.16  0.28  -0.08  0.10 
Phosphorus-1 (weak Bray) ppm 11.0 (2.0-103.0) -0.31  0.11  -0.15  0.03  -0.26  
Phosphorus-2 (strong Bray) ppm 20.0 (6.0-132.0) -0.28  0.06  -0.10 0.01  -0.10 
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Table 3.6. Continued. 

   Floristic Indices Rapid Assessments 

Soil Parameter Units Median (Range) VIBI AFQI FAQWet ORAM NCWAM4 

Potassium ppm 52.5 (20.0-116.0) -0.07  0.13  0.04  0.08  -0.14  
Magnesium ppm 156.5 (39.0-378.0) -0.02  -0.15  0.27  -0.10 0.13  
Calcium ppm 639.5 (202.0-1865.0) -0.03  -0.36 0.17  -0.07  0.38* 
Sulfur2 ppm 22.0 (10.0-47.0) 0.20 -0.04  0.22  -0.15  -0.05  
Zinc2 ppm 0.8 (0.3-4.3) 0 .00 0.07  0.28  0.01  0.09  
Manganese2 ppm 4.0 (1.0-113.0) 0.36 -0.30 0.15  -0.03  0.34 
Iron2 ppm 83.0 (18.0-285.0) -0.20 0.18  0.12  0.24  0.20 
Copper2 ppm 0.4 (0.2-2.2) 0.15  -0.13  0.34 0.01  0.21  
Boron2 ppm 0.3 (0.2-0.5) -0.33 0.23  0.25  0.37* 0.31 

Significance denoted as *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001 
1 n=29. Correlations do not include one permanently inundated site with soil organic matter (43.3%),  

carbon:nitrogen (33.7),and carbon (29.7%) 
2 n=29 due to incomplete lab data 
3 No parameter transformation, i.e., linear correlation 
4 Spearman correlation values reported for NCWAM 
Phosphorus-1 is phosphorus that is readily available for plants. Phosphorus-2 is less soluble phosphorus 

acting as a reserve in the soil. 
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Table 3.7. Median (range) values and Pearson correlation values (unless noted) between water quality parameters and other variables (log 
transformed) and assessments.  

   Floristic Indices Rapid Assessments 

Parameters Units Median (Range) VIBI AFQI FAQWet ORAM NCWAM2 

Water Quality Parameters (n=15): 

Dissolved oxygen mg/L 5.3 (0.2-8.1) -0.36 0.06 -0.42 -0.21 -0.50 
pH-water - 5.6 (3.8-6.4) -0.11 -0.52* -0.28 0.00 0.14 
Specific conductivity µS/cm 114.0 (22.7-2064.0) -0.50 -0.23 0.09 -0.02 -0.05 
Total Kjeldahl nitrogen mg/L - N 1.0 (0.2-3.8) -0.10 0.61* 0.46 -0.20 0.46 
NO2 + NO3 mg/L - N 0.02 (0.02-1.60) -0.05 -0.23 -0.49 0.22 -0.08 
NH3 mg/L - N 0.02 (0.02-1.00) -0.27 0.47 -0.24 -0.13 0.23 
Organic nitrogen mg/L - N 0.8 (0.2-3.7) -0.08 0.57* 0.51 -0.17 0.46 
Phosphorus mg/L - P 0.1 (0.0-1.2) 0.09 0.07 0.20 -0.25 0.59* 

Other Parameters (n=30): 

Site Age yr 8.0 (5.0-11.0) -0.16  0.16  0.03  -0.01  -0.11  
Site Size ha 7.8 (0.2-164.1) -0.11  0.34 0.10 0.17  0.08  
Coefficient of Conservation1 - 3.6 (3.1-4.5) -0.05  0.97**** 0.30 0.05  -0.05  
Wetness Coefficient1 - 1.7 (0.4-4.4) 0.00 0.40* 0.82**** 0.46** 0.21  
Landscape Development Index1 - 1.3 (1.0-4.3) 0.11  -0.34 -0.16  -0.23  -0.29  

Significance denoted as *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001 
1 No parameter transformation, i.e., linear correlation 
2 Spearman correlation values reported for NCWAM 
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More soil parameters were significantly correlated (p<0.05) with AFQI scores (5 parameters) 

compared to VIBI (2 parameters) or FAQWet scores (1 parameter). The fact that AFQI is a 

measurement of habitat quality may partially explain why more soil parameters were 

significantly correlated with the index. Scatterplots between AFQI and select soil 

parameters are shown in Figure 3.8.  Unsurprisingly, bulk density was highly collinear 

(negatively) with soil organic matter (r=-0.73, p<0.0001) and percent carbon (r=-0.75, 

p<0.0001); therefore plots of each of these parameters would also have indicated a strong 

relationship with AFQI. Also, nitrogen was positively correlated with AFQI scores while 

phosphorus was not.  

 

Figure 3.8. Scatterplots of AFQI scores versus select soil parameters. LEFT: AFQI vs bulk density. r 
= -0.44, p=0.015. MIDDLE: AFQI vs nitrogen. r = 0.46, p=0.012. RIGHT: AFQI vs phosphorus. r =0.11; 
p=0.554. Fitted lines are from a “y = log(x)” model. Solid lines denote significant correlation (p<0.05). 

ORAM and NCWAM scores indicated no significant correlation with physical soil 

parameters. For many rapid assessments, direct questions regarding soil texture or 
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redoximorphic features are minimally developed or non-existent (Fennessy et al., 2007). 

NCWAM and ORAM each have only one soil-specific metric: NCWAM requires the assessor 

to evaluate the soil texture, the presence of any redoximorphic features, and whether the 

soil is a peat or muck, while ORAM only requires the assessor to rate the level of substrate 

disturbance.  

Soil organic matter (SOM) content is commonly measured in wetland studies, as the 

accumulation of SOM due to anaerobic substrate conditions is a defining feature in organic 

soil wetlands. SOM values across 29 sites ranged from 0.5% to 12.2%, with a mean of 3.5%. 

The remaining sampled site had a SOM value 43.3%. This restoration was the only site that 

appeared to be inundated year-round, and was covered by approximately 50 cm of water 

during the field assessment in July, when water levels are generally low. The mean SOM 

value of 3.5% was similar to reported mean values of Virginia restoration projects (4.2% to 

6.4%; Dee and Ahn, 2012) but was less than SOM mean values reported in another North 

Carolina study of restored and created wetlands (11.8 ± 3.9%; Bruland and Richardson, 

2006). The SOM levels of restoration projects reported by Bruland and Richardson were 

significantly lower than levels observed in the study’s paired natural sites (29.0 ± 8.0%).  

SOM was not significantly correlated with project age in our study, though the relatively low 

sampled values (project age ranged from 5 to 11 years) were likely not conducive to 

detecting a potential effect. A sample with a wider project age range, or a sample that 

captured the more rapid structural changes that occur in the first years post-construction 



104 

would likely indicate a larger effect. SOM was, however, significantly higher in woody sites 

(mean 4.9 ± 3.8%, n=13) than in herbaceous sites (mean 2.4 ± 1.9%, n=16) (ANOVA F-test, 

n=29, p=0.028). This is likely due to woody restorations producing detritus (e.g., leaves) at a 

higher rate than herbaceous sites, or else having a larger amount of legacy SOM. Shade 

from trees is another potential explanation for the higher SOM content in woody sites. 

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 samples (log transformed) and assessment scores are 

listed in Table 3.6. 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 surface water with a depth greater than 15 cm (per NWCA protocols) for 

sampling. Also, eight out of the 15 water quality samples were from flowing water from a 

stream, as opposed to standing surface water. It is possible that analytes measured within a 

sufficiently large stream 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 range of observed mean C values was notably narrow (3.1 to 4.5) 

compared to the potential range of 0 to 10. Based on VIBI metric criteria for tolerant (C 

value ≤ 2) or sensitive species (C value ≥ 6) (Mack, 2004), all of the sites were dominated by 
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vegetation with mean C-value ratings between tolerant and sensitive. It is unknown 

whether we can expect mean C values to increase over time at these restoration sites. 

However, obligate and facultative wet species richness values have been reported to 

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

Mean wetness coefficient (WC) values were positively correlated with AFQI (r=0.40, 

p=0.030), FAQWet (r=0.82, p<0.0001), and ORAM assessment scores (r=0.46, p=0.0099). 

Mean WC values ranged from 0.4 to 4.4, indicating that no restored wetland was dominated 

by facultative upland or upland species in this study.  

Project age had no significant effect on wetland assessment scores, likely because the 

sampled range (5 to 11 years) was either too narrow or did not captured the more rapid 

structural changes that occur in the first years post-construction. Micacchian et al. (2010) 

also reported no significant difference in VIBI scores on restored or created wetlands in 

response to age. 

Wetland size had no significant 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 

wetlands sites are better than smaller wetlands. Trochlell 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 determining the level of ecosystem functions provided. Steinhoff (2008) argued that 

consolidation of wetlands—the replacement of small, isolated, spatially distributed 

wetlands with fewer, larger wetland restoration projects—threatens biodiversity of 

amphibians and 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 0.12 ha on the eastern third (east of interstate I-95) of the state (0.04 ha on the 

western two-thirds of the state, west of I-95) require a combined NCDWQ and Army Corps 

of Engineers Pre-Construction Notification (North Carolina Administrative Code, 15A NCAC 

02H .0506). In addition, North Carolina does not require isolated wetlands that are 

impacted to be mitigated by another in-kind isolated wetland. The Society 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 with vernal pools (found in NC) and the 

mid-west prairie pothole wetlands (SWS, 2007). Large (>100 ha) restored or created 

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

smaller projects (Moreno-Mateos et al., 2012).  
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LDI 

Land development index (LDI; Brown and Viva, 2005) scores were not significantly 

correlated with any assessment at the p<0.05 level, but were marginally significant at the 

p<0.10 level with AFQI scores (r=-0.34, p=0.062; Table 3.6; Figure 3.9). The low correlation 

between LDI and other assessments was attributed to an insufficient sampling of restored 

wetlands adjacent to developed areas.  

As characterized by this study’s sample population, a majority of North Carolina wetland 

restorations were 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). LDI values observed in this study ranged from 1 to 4.3. Only three 

wetlands—all permittee-responsible sites—received an LDI score above 3.0, which has been 

associated with severe degradation of the vegetative community (Micacchion et al., 2010). 

LDI scores of permittee-responsible sites were significantly higher than in-lieu fee and 

mitigation bank sites (Tukey post-hoc test, adjusted p<0.05). This implies that permittee-

responsible sites are more likely to be located in more developed areas, perhaps to 

minimize the mobilization distance of large earth-moving equipment from the project site 

(where a natural wetland was disturbed) to the mitigation site. Such a scenario would help 

ensure that the mitigation site is close to the disturbed wetland and therefore directly 

benefits the impacted region. However, restoring wetlands in developed areas has 

additional challenges such as increased land costs, limited connections to natural areas that 
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can serve as wildlife corridors, and potentially higher levels of incoming pollutants. 

Impacted urban wetlands are commonly replaced with rural mitigation sites in some areas 

of the U.S. (Ruhl and Salzman, 2006).  

 

Figure 3.9. Scatterplot of AFQI vs LDI. Pearson r=-0.34; p=0.062. Fitted line from ordinary least 
squares. 

Conclusions 

Both level 2 and level 3 assessment scores were not significantly predicted by mitigation 

providers. That is, floristic indices—VIBI, AFQI, and FAQWet—as well as ORAM and NCWAM 

scores did not vary significantly among mitigation providers. However, permittee-
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responsible sites received significantly higher LDI scores than in-lieu fee and mitigation bank 

sites. Also, sites dominated by herbaceous vegetation received significantly higher VIBI and 

FAQWet scores 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.  

Overall, the correlations among the wetland assessments was low and not significant, with 

the exception being between the FAQWet level 3 assessment and level 2 ORAM and 

NCWAM rapid assessments. While the correlation among assessment scores was generally 

not significant, a majority of the restorations were rated as medium or higher quality by the 

WTALU/VIBI, ORAM, and NCWAM assessments, and only two sites were rated as low 

quality with those three assessments. Based 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 resource-intensive level 3 assessment 

reserved for questionable sites.  
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Chapter 4: Conclusions 

Restored Streams 

Field inspection indicated that the overwhelming majority of the surveyed stream 

restorations were geomorphologically stable, with only isolated incidences of failed in-

stream structures, bank instability, or excessive mid-channel bars indicating the inability to 

transport sediment effectively. These geomorphological aspects were accurately assessed 

by the North Carolina Stream Assessment Method (NCSAM) hydrology rating; only 3 sites 

(5%) received a low rating and 46 (73%) received a high rating.  

NCSAM-water quality ratings were not significantly correlated with watershed impervious 

area. Increased impervious area has been repeatedly shown to have a negative correlation 

with many water quality parameters. Water quality samples for subsequent laboratory 

analyses were not collected in this study, so correlation values between NCSAM-water 

quality rating and various water quality analytes such as nutrients or pathogens are not 

known. However, the lack of correlation between NCSAM-water quality ratings and 

impervious area—which was found to be negatively correlated with scores from a benthic 

macroinvertebrate assessment applied to all of the sites—may indicate a limitation of the 

NCSAM-water quality metric. As NCSAM is a visual assessment, this limitation is likely due to 

the inability of assessors to directly detect the microscopic constituents such as nutrients or 

pathogens that impair water quality. This limitation has been shown to exist in other visual-

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

macroinvertebrate assessment performed in ripple areas within the reach. This indicates 

that NCSAM-habitat ratings accurately evaluated the quality of the stream’s in-stream 

condition. Note that while NCSAM-habitat evaluates both in-stream and streamside (i.e., 

buffer) areas, in-stream habitat appeared to be weighted more highly than streamside 

habitat based on 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 project-specific goals such as sediment reduction, water quality improvement, or habitat 

revitalization to be assessed more accurately than by relying on an aggregated overall score.  

For example, success of project-specific goals such as sediment reduction or habitat 

revitalization would be more accurately determined via NCSAM-hydrology and NCSAM-

habitat ratings (respectively) rather than the NCSAM-overall rating.  

Based on the results of this study, NCSAM-hydrology ratings accurately assessed 

geomorphological parameters of concern such as bank stability and sedimentation, while 

NCSAM-habitat ratings accurately evaluated the condition of the in-stream substrate and 

habitat. The accuracy of NCSAM-water quality was questioned due to the lack of negative 

correlation with watershed impervious area. Assuming a pathogenic water quality issue has 

been previously documented for a given stream, reliance on any visual assessment method 

to accurately determine whether water quality has improved or not may be ill advised. 
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NCSAM-habitat ratings appeared to be weighted less than NCSAM-water quality and 

NCSAM-hydrology ratings as far as determining the NCSAM-overall rating. This is 

unfortunate given that only NCSAM-habitat ratings were significantly correlated with 

ephemeroptera, plecoptera, and trichoptera (EPT) macroinvertebrate taxa. An increase in 

the weighting of NCSAM-habitat at the expense of NCSAM-water quality may produce a 

more robust NCSAM-overall rating.  

The relationship between benthic macroinvertebrate scores and watershed impervious area 

for restored streams was also analyzed. Benthic macroinvertebrate scores decreased 

exponentially as impervious area increased. This result mirrors that which has been 

documented in natural streams.  

However, when the sample was stratified by ecoregion, the exponential pattern held only 

for Mountain and Piedmont sites. Within the Coastal Plains, macroinvertebrate scores in 

restored streams decreased initially in response to impervious areas, only to increase at 

impervious area levels above 15%. The increase was minor yet significant. NCSAM in-stream 

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 in-stream habitat ratings 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. Another macroinvertebrate metric—indicator taxa—did not increase at high levels of 



119 

impervious area in Coastal Plain sites. This indicates that habitat—as opposed to water 

quality—likely improved in response to additional in-stream structures.  

We argue that the 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 moderate to 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 in-stream structures had a larger, measurable effect on the flow 

dynamics in the Coastal Plains than in other ecoregions.  

While the addition of in-stream structures was linked to an increase in certain intolerant 

macroinvertebrate taxa scores in low gradient streams, the benefits to the biological 

community were relatively small and did not constitute a panacea for the so-called “urban 

stream syndrome.” Nor would the addition of multiple in-stream structures along a single 

100 m reach, for instance, be expected to have a measurable effect on water quality at the 

watershed scale.  

The selected method of energy dissipation—lengthening of the stream due to meandering 

bends vs. vertical drops—is largely a product of the specific site conditions. Increasing a 

restoration’s sinuosity reduces expenditures on in-stream drop structures by increasing 

expenditures on land purchased for a wider right-of-way. 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 in-stream structures a bonus rather than a required design feature. 

Results from this study indicate that in-stream structures can increase bedform habitat and 

EPT taxa scores in low elevation gradient, homogenous bedform streams. Additional 

research may indicate that specific water quality parameters such as dissolved oxygen and 

temperature are also improved due to the addition of in-stream structures in low gradient 

systems.  

Restored Wetlands 

The majority of the 30 surveyed North Carolina restored wetlands appeared to be stable 

and functional, with the understanding that all of the sampled sites were relatively young 

and, for the forested wetlands, still decades away from vegetation structural maturity. 

However, 11 restorations ( 7%) were rated as “restorable wetland quality” by the Wetland 

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 FAQWet—as well as ORAM and NCWAM scores were not 

significantly different among mitigation providers. However, permittee-responsible sites 

received significantly higher LDI scores than in-lieu fee and mitigation bank sites. Sites 

dominated by herbaceous vegetation received significantly 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 wetland restoration or design 

process were observed. 1) Appropriate planting lists: At a few sites, the planted trees 

displayed poor vigor, most likely due to site conditions being too dry for the planted taxa. 

Acceptable soil saturation conditions will vary based on intended wetland type. Therefore, 

unique planting lists should be selected with the designed saturation conditions of the site 

in mind. 2) Minimize soil disturbance: Highly disturbed soils from either the construction 

process or previous land use was observed at six sites. Two of these sites did 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 wetland setbacks: At 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 should be field identified during the site selection process, and the 

extent of their lateral sub-surface affects modeled using field measurement of the channel 

and the adjacent soil conditions before the wetland restoration boundary is determined.  4) 

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 observed at these three 

sites. Deviation from a stream’s historical alignment should be minimized to avoid the 

creation of ephemeral or intermittent channels.   

Streams and wetlands are each a complex suite of biogeochemical processes. The reduction 

of an entire ecosystem into a solitary number (i.e., 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 facets (e.g., flood control, 

habitat structure, biotic communities, etc.) may be a more effective way to evaluating 

restoration projects. This framework of multiple success criteria, each with a defined 

minimum threshold, mirrors the multiple criteria required to meet the jurisdictional 

definition of a wetland. Ecological 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 success criteria.  

As more land is developed, particularly in the southeast United States, stream and wetland 

restoration will continue to be a critical part of achieving “no net loss” of these vital 

ecosystems. Streams and wetlands provide both biotic ecosystem services—increase 

habitat and support nutrient cycling—and abiotic ecosystem services such as regulating 

flooding or reducing excess sediment transport. However, biotic and abiotic assessment 
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results may disagree, especially with sites located in highly developed areas. Continued 

research that identifies relationships between indicator species, habitat, and environmental 

factors will better allow ecologists and agencies to predict the functional potential of a 

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

 

 

 

 

 

Figure A.1. NCSAM field form. 
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Figure A.2. NCSAM input-output flowchart for a Pa2 (Piedmont, sinuous, small watershed) classified 
stream.  
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Figure A.3. NCSAM sample output for a mountain stream. 
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Appendix B: North Carolina State University Stream Restoration Evaluation Assessment 

Form: Benthic Macroinvertebrate Field Form  

 

 

 

 

 

 

Figure B.1. NCSU macroinvertebrate field form. 
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Appendix C: Additional Stream Analyses 

Table C-1. Benthic macroinvertebrate and NCSAM scores for all sites. 

     
Benthic Macroinvertebrate Scores NCSAM Ratings 

Site Ecoregion 
Urban/ 
Rural 

Watershed 
Impervious 

Area (%) 
Age 
(yr) 

No. of 
Abundant 

Taxa 

EPT 
Abundance 

No. of 
Abundant 
EPT Taxa 

No. of 
Indicator 

Taxa 

Shredders 
& 

Predators 
Overall Hydrology 

Water 
Quality 

Habitat 

NC-01 Piedmont Urban 16.7 10 5 0 0 0 20 High High High High 

NC-02 Coastal Plains Urban 20.0 0 6 10 1 0 44 Medium Medium Medium Medium 

NC-03 Piedmont Rural 1.7 5 11 31 7 4 30 High High High High 

NC-04 Piedmont Rural 1.4 1 10 39 6 2 18 High High High High 

NC-05 Piedmont Urban 38.9 7 4 10 1 0 20 High High High High 

NC-06 Piedmont Rural 0.4 2 6 90 6 6 23 High High Low High 

NC-07 Piedmont Rural 0.4 2 7 108 7 9 26 High High Medium High 

NC-08 Mountains Urban 14.5 0 5 32 3 1 0 Medium Medium Medium Low 

NC-09 Piedmont Urban 15.6 7 4 1 0 0 33 High High High High 

NC-10 Coastal Plains Rural 0.2 5 6 0 0 0 0 High High Medium Low 

NC-11 Coastal Plains Rural 0.4 7 7 0 1 0 12 High High High Low 

NC-12 Coastal Plains Rural 10.0 10 0 0 0 0 20 High High Medium Low 

NC-13 Coastal Plains Urban 16.9 5 3 11 1 0 50 Medium Medium High High 

NC-14 Coastal Plains Rural 1.6 4 5 20 2 2 25 High High High Low 

NC-15 Coastal Plains Urban 32.3 1 5 20 2 0 37 Medium Medium Medium Low 

NC-16 Mountains Rural 0.3 9 18 89 11 9 33 High High Medium Medium 

NC-17 Mountains Rural 2.3 3 12 80 9 5 20 Medium Medium High Medium 

NC-18 Coastal Plains Rural 7.3 5 6 10 1 0 17 High High High Low 

NC-19 Piedmont Rural 0.4 6 15 166 14 10 23 High High Low Medium 

NC-20 Piedmont Urban 19.8 6 3 11 0 1 5 High High High Medium 
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Table C.1. Continued. 

     Benthic Macroinvertebrate Scores NCSAM Ratings 

Site Ecoregion 
Urban/ 
Rural 

Watershed 
Impervious 

Area (%) 
Age 
(yr) 

No. of 
Abundant 

Taxa 

EPT 
Abundance 

No. of 
Abundant 
EPT Taxa 

No. of 
Indicator 

Taxa 

Shredders 
& 

Predators 
Overall Hydrology 

Water 
Quality 

Habitat 

NC-21 Coastal Plains Urban 14.8 10 4 0 0 0 5 High High Medium High 

NC-22 Coastal Plains Urban 10.8 1 3 0 0 0 30 Medium Medium High Low 

NC-23 Coastal Plains Rural 1.5 4 3 10 1 1 16 High High High Low 

NC-24 Piedmont Rural 0.9 1 3 0 0 0 0 High High High Low 

NC-25 Piedmont Rural 4.4 1 7 43 3 0 29 High High High Low 

NC-26 Mountains Rural 1.1 1 17 101 11 8 35 Medium Medium Medium Medium 

NC-27 Piedmont Rural 0.9 6 7 10 1 0 20 High High High High 

NC-28 Coastal Plains Urban 31.2 15 2 13 1 0 0 Medium Medium High Low 

NC-29 Coastal Plains Urban 25.5 3 4 20 2 0 0 Medium Medium High Low 

NC-30 Piedmont Urban 44.6 7 4 21 2 0 0 High High High Low 

NC-31 Piedmont Urban 27.8 7 6 1 0 0 14 Medium Medium Medium Low 

NC-32 Piedmont Urban 48.5 2 4 20 2 0 0 Low Low High Low 

NC-33 Piedmont Urban 48.8 3 4 23 2 0 0 Low Low Medium Low 

NC-34 Piedmont Urban 41.8 7 3 21 2 0 0 Low Low High Low 

NC-35 Mountains Urban 36.0 1 7 20 2 0 18 High High High Medium 

NC-36 Coastal Plains Rural 0.4 7 3 10 1 1 40 High High High Low 

NC-37 Coastal Plains Rural 0.2 6 4 0 0 0 40 High High High Low 

NC-38 Coastal Plains Rural 0.2 1 6 11 2 0 17 High High Medium Low 

NC-39 Coastal Plains Urban 20.4 10 1 10 1 0 0 High High High Low 

NC-40 Piedmont Urban 21.6 7 5 11 1 0 16 High High High Low 
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Table C.1. Continued. 

     Benthic Macroinvertebrate Scores NCSAM Ratings 

Site Ecoregion 
Urban/ 
Rural 

Watershed 
Impervious 

Area (%) 
Age 
(yr) 

No. of 
Abundant 

Taxa 

EPT 
Abundance 

No. of 
Abundant 
EPT Taxa 

No. of 
Indicator 

Taxa 

Shredders 
& 

Predators 
Overall Hydrology 

Water 
Quality 

Habitat 

NC-41 Mountains Rural 0.8 8 9 65 6 4 13 High High Medium Medium 

NC-42 Piedmont Rural 0.3 3 12 159 11 15 22 High High High Medium 

NC-43 Mountains Rural 0.0 5 18 69 12 8 31 High High High High 

NC-44 Piedmont Rural 0.0 4 18 79 13 7 44 High High High Medium 

NC-45 Piedmont Rural 0.0 2 20 48 13 5 25 High High Medium Medium 

NC-46 Piedmont Rural 6.1 2 8 41 4 2 50 Medium Medium Low Low 

NC-47 Piedmont Rural 6.1 3 8 40 4 1 50 High High Medium Low 

NC-48 Mountains Rural 1.8 2 6 41 4 0 50 High High High Medium 

NC-49 Piedmont Urban 38.4 5 6 11 1 0 33 High High High High 

NC-50 Piedmont Urban 38.8 1 6 20 2 0 33 Medium Medium High Medium 

NC-51 Piedmont Urban 22.4 7 1 11 1 0 5 High High High Low 

NC-52 Piedmont Rural 9.3 2 3 0 0 0 0 High High High High 

NC-53 Piedmont Urban 10.9 1 5 0 0 0 0 High High High Medium 

NC-54 Mountains Rural 1.4 9 12 92 9 6 29 Medium Medium High Medium 

NC-55 Mountains Rural 1.3 12 14 93 10 12 19 High High Medium Low 

NC-56 Mountains Rural 1.4 10 15 94 11 11 24 High High High Medium 

NC-57 Mountains Rural 1.2 1 13 79 10 9 24 High High Medium Medium 

NC-58 Piedmont Urban 20.2 11 6 1 0 0 50 High High High High 

NC-59 Piedmont Rural 3.4 5 14 53 9 7 30 High High High High 

NC-60 Mountains Rural 0.2 8 16 114 12 15 31 High High High High 

NC-61 Coastal Plains Urban 13.1 4 3 0 0 0 33 High High Low Low 

NC-62 Mountains Urban 24.7 1 6 31 3 0 33 Medium Medium High Low 

NC-63 Coastal Plains Rural 0.4 9 5 20 2 0 33 High High High Low 
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Figure C.1. Barplots of the five benthic macroinvertebrate metric results for all sites. Raw data was 
first classified as Poor, Fair, Good, or Excellent using criteria in NCSU (2006). 

 

 

Figure C.2. Barplots of NCSAM output for all sites. 
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Appendix D: North Carolina Wetland Assessment Method (NCWAM)  

 

 

 

 

 

 

Figure D.1. NCWAM wetland type dichotomous key. 
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Figure D.2. NCWAM field form. 
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Figure D.3. NCWAM input-output flowchart for a bottomland hardwood wetland type. 
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Figure D.4. NCWAM sample output.
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Appendix E: Additional Wetland Analyses 

Table E-1. Wetland assessment results for all sites. 

 
Age Dominant Mitigation Floristic Indices Rapid Assessments 

GIS 
Asses. 

Site (yr) Vegetation Provider VIBI WTALU AFQI FAQWet ORAM NCWAM LDI 

NC12-01 10 Emergent MB 50.0 RWH 33.38 22.07 60 High 1.00 

NC12-02 10 Forest MB 59.0 RWH 36.88 3.10 46 Medium 1.54 

NC12-03 8 Shrub MB 38.0 RWH 39.08 8.37 40 Low 1.74 

NC12-05 8 Forest MB 54.0 RWH 38.94 6.60 52 High 1.15 

NC12-06 8 Forest MB 82.5 SWH 36.09 15.07 65 High 1.07 

NC12-07 9 Shrub MB 51.0 RWH 31.75 9.91 71 High 1.12 

NC12-09 8 Emergent MB 57.0 RWH 41.46 11.84 65 High 1.24 

NC12-10 8 Shrub MB 46.0 RWH 32.69 2.65 42 High 1.40 

NC12-12 9 Shrub PR 52.2 RWH 35.86 12.90 50 Medium 1.53 

NC12-17 8 Emergent PR 64.0 WH 33.63 10.92 48 High 3.64 

NC12-18 8 Forest PR 84.0 SWH 41.63 14.53 67 High 1.00 

NC12-20 7 Emergent PR 80.0 SWH 31.45 11.40 51 High 4.25 

NC12-21 9 Shrub PR 49.0 RWH 36.05 6.40 35 High 1.13 

NC12-22 7 Emergent PR 77.0 SWH 32.33 7.51 51 High 3.20 

NC12-25 5 Emergent ILF 70.0 WH 33.45 11.63 50 High 1.22 
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Table E.1. Continued. 

 Age Dominant Mitigation Floristic Indices Rapid Assessments 
GIS 

Asses. 

Site (yr) Vegetation Provider VIBI WTALU AFQI FAQWet ORAM NCWAM LDI 

NC12-26 9 Emergent ILF 81.0 SWH 33.29 14.24 59 High 1.16 

NC12-27 8 Emergent ILF 73.0 WH 34.09 8.82 65 High 1.03 

NC12-28 8 Shrub ILF 40.0 RWH 37.58 10.95 47 High 1.07 

NC12-30 7 Emergent ILF 80.0 SWH 36.76 17.52 53 High 1.00 

NC12-33 7 Emergent ILF 73.0 WH 29.96 6.61 55 Medium 1.75 

NC12-34 8 Emergent ILF 77.0 SWH 35.81 17.75 51 High 1.32 

NC12-36 6 Emergent ILF 73.0 WH 35.74 2.97 37 Medium 2.01 

NC12-37 9 Forest MB 71.0 WH 33.90 5.99 38 High 1.22 

NC12-38 9 Emergent ILF 81.0 SWH 34.01 13.81 47 Medium 1.29 

NC12-39 6 Emergent ILF 64.0 WH 29.02 7.06 49 High 2.52 

NC12-41 8 Shrub ILF 37.0 RWH 35.06 3.78 55 High 1.01 

NC12-42 6 Emergent ILF 26.0 LQWH 38.00 15.36 56 High 1.96 

NC12-43 11 Forest ILF 66.0 WH 44.04 11.58 39 High 1.84 

NC12-44 8 Emergent ILF 68.0 WH 29.24 10.64 52 High 2.02 

NC12-46 6 Emergent ILF 94.0 SWH 42.43 16.92 52 High 1.19 

ILF = In-lieu fee; MB = Mitigation bank; PR = Permittee-responsible 

LQWH = Low quality wetland habitat; RWH = Restorable wetland habitat; WH = Wetland habitat; SWH = Superior wetland habitat  
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Table E-2. Mean (SD) values by mitigation provider. Kruskal-Wallis Chi-square values (unless noted) by mitigation providers. Significant 
differences among mitigation providers noted.

   

Kruskal- 
Wallis Mean (SD) 

Parameters Units n 
Chi- 

Square 
In-lieu 

Fee 
Mitigation 

Bank 
Permitee 

Responsible 

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 0.35  51.1 (7.1) 53.2 (12.4) 50.3 (10.2) 
ORAM-category† - 30 0.14  - - - 
ORAM-size - 30 3.71  4.3 (0.9) 4.7 (1) 3.2 (1.8) 
ORAM-buffer - 30 7.19* 8.3 (3.4) [A/B] 10.1 (2.6) [A] 6.2 (1.3) [B] 
ORAM-hydrology - 30 1.06  15.2 (4.8) 15.4 (5.9) 17.7 (4.3) 
ORAM-habitat - 30 1.48  9 (1.8) 9.4 (1.7) 10.3 (2.3) 
ORAM-vegetation - 30 1.92  9.1 (2) 8.3 (2.8) 7.8 (2.1) 

NCWAM 

NCWAM† - 30 0.834  - - - 
NCWAM-hydrology† - 30 0.668  - - - 
NCWAM-water quality† - 30 0.513  - - - 
NCWAM-habitat† - 30 0.606  - - - 
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Table E.2. Continued. 

   
Kruskal- 
Wallis Mean (SD) 

Parameters Units n 
Chi- 

Square 
In-lieu 

Fee 
Mitigation 

Bank 
Permitee 

Responsible 

Soil Parameters       

Organic Matter % 30 5.58 2.4 (2) 9.7 (13.3) 3.7 (2.5) 
Bulk Density g/cm3 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) 
Clay % 30 7.27* 15.5 (7.3) [A] 7.3 (4.1) [B] 15.7 (12.4) [A/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 Exchange Capacity meq/100g 30 2.78  10.5 (5.6) 7.3 (1.8) 9.0 (3.2) 
Carbon:Nitrogen ratio - 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) 
Phosphorus-1 (weak Bray) ppm 30 6.69* 12.9 (10.7) [A/B] 41.3 (35.3) [A] 8.0 (4.6) [B] 
Phosphorus-2 (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 2.12  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 (47.0) 
Iron ppm 29 3.22  74.7 (41.5) 112.2 (79.6) 121.4 (54.0) 
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.2. Continued. 

   
Kruskal- 
Wallis Mean (SD) 

Parameters Units n 
Chi- 

Square 
In-lieu 

Fee 
Mitigation 

Bank 
Permitee 

Responsible 

Water Quality Parameters 

Dissolved oxygen mg/L as N 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 µS/cm 15 0.96 139.5 (131.5) 138.6 (52.1) 1395.3 (1872.0) 
Total Kjeldahl nitrogen mg/L as N 15 0.03  1.4 (1) 1.5 (1.5) 1 (0.6) 
NO2+NO3 mg/L as N 15 4.68 0.1 (0.1) 0.7 (0.7) 0 (0) 
Organic nitrogen mg/L as N 15 0.04 1.27 (0.92) 1.38 (1.53) 0.98 (0.56) 
NH3 mg/L as N 15 4.88 0.1 (0.3) 0.1 (0.1) 0 (0) 
Phosphorus mg/L as P 15 0.21  0.3 (0.4) 0.1 (0.1) 0.2 (0.2) 

Other Parameters 

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 0.43 1.74 (0.83) 1.76 (1.34) 1.72 (0.6) 
Landscape Development Index - 30 2.18  1.5 (0.5) 1.3 (0.2) 2.5 (1.4) 

Significance denoted as *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001 
Post-hoc significant difference among mitigation providers denoted by [A/B/C] 

adjusted for multiple comparisons (α=0.05). 
† Fisher Exact Test pvalues reported for categorical and ordinal parameters.  
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Appendix F: Restored Wetland Sites 

 

Figure F.1. NC12-01 site map. 
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NC12-01   

7.2 ha  10 yr old 

Emergent Mitigation Bank 

 

 

Figure F.2. NC12-01 site images. 
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Figure F.3. NC12-02 site map. 
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NC12-02   

20.3 ha 10 yr old 

Forest  Mitigation Bank 

  

  

Figure F.4. NC12-02 site images. 
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Figure F.5. NC12-03 site map. 
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NC12-03   

10.2 ha 8 yr old 

Shrub  Mitigation Bank 

  

 

Figure F.6. NC12-03 site images. 
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Figure F.7. NC12-05 site map. 
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NC12-05   

7.9 ha  8 yr old 

Forest  Mitigation Bank 

  

 

Figure F.8. NC12-05 site images. 
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Figure F.9. NC12-06 site map. 
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NC12-06   

2.5 ha  8 yr old 

Forest  Mitigation Bank 

  

 

Figure F.10. NC12-06 site images. 
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Figure F.11. NC12-07 site map. 
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NC12-07   

14.7 ha 9 yr old 

Shrub  Mitigation Bank 

  

 

Figure F.12. NC12-07 site images. 
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Figure F.13. NC12-09 site map. 
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NC12-09   

41.1 ha 8 yr old 

Emergent Mitigation Bank 

  

 

Figure F.14. NC12-09 site images. 
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Figure F.15. NC12-10 site map. 
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NC12-10   

5.5 ha  8 yr old 

Shrub  Mitigation Bank 

  

  

Figure F.16. NC12-10 site images. 
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Figure F.17. NC12-12 site map. 



172 

NC12-12   

1.2 ha  9 yr old 

Shrub  Permittee-responsible 

  

  

Figure F.18. NC12-12 site images. 



173 

 

Figure F.19. NC12-17 site map. 
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NC12-17   

0.2 ha  8 yr old 

Emergent Permittee-responsible  

  

 

Figure F.20. NC12-17 site images. 
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Figure F.21. NC12-18 site map. 



176 

NC12-18   

164.1 ha 8 yr old 

Forest  Permittee-responsible 

 

    

Figure F.22. NC12-18 site images. 
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Figure F.23. NC12-20 site map. 



178 

NC12-20   

0.2 ha  7 yr old 

Emergent Permittee-responsible 

 

 

Figure F.24. NC12-20 site images. 
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Figure F.25. NC12-21 site map. 
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NC12-21   

17.4 ha 9 yr old 

Shrub  Permittee-responsible 

  

  

Figure F.26. NC12-21 site images. 
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Figure F.27. NC12-22 site map. 
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NC12-22   

0.2 ha  7 yr old 

Emergent Permittee-responsible 

  

  

Figure F.28. NC12-22 site images. 
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Figure F.29. NC12-25 site map. 
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NC12-25   

19.3 ha 5 yr old 

Emergent In-lieu Fee 

  

 

Figure F.30. NC12-25 site images. 
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Figure F.31. NC12-26 site map. 
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NC12-26   

7.4 ha  9 yr old 

Emergent In-lieu Fee 

  

 

Figure F.32. NC12-26 site images. 
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Figure F.33. NC12-27 site map. 
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NC12-27   

3.4 ha  8 yr old 

Emergent In-lieu Fee 

 

 

Figure F.34. NC12-27 site images. 
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Figure F.35. NC12-28 site map. 
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NC12-28   

14.2 ha 8 yr old 

Shrub  In-lieu Fee 

  

 

Figure F.36. NC12-28 site images. 
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Figure F.37. NC12-30 site map. 
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NC12-30   

7.7 ha  7 yr old 

Emergent In-lieu Fee 

  

 

Figure F.38. NC12-30 site images. 
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Figure F.39. NC12-33 site map. 
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NC12-33   

1.5 ha  7 yr old 

Emergent In-lieu Fee 

  

  

Figure F.40. NC12-33 site images. 
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Figure F.41. NC12-34 site map. 
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NC12-34   

12.8 ha 8 yr old 

Emergent In-lieu Fee 

 

 

Figure F.42. NC12-34 site images. 
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Figure F.43. NC12-36 site map. 
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NC12-36   

4.7 ha  6 yr old 

Emergent In-lieu Fee 

 

 

Figure F.44. NC12-36 site images. 
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Figure F.45. NC12-37 site map. 
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NC12-37   

11.6 ha 9 yr old 

Forest  Mitigation Bank 

 

  

Figure F.46. NC12-37 site images. 
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Figure F.47. NC12-38 site map. 
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NC12-38   

11.7 ha 9 yr old 

Emergent In-lieu Fee 

  

  

Figure F.48. NC12-38 site images. 
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Figure F.49. NC12-39 site map. 
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NC12-39   

4.5 ha  6 yr old 

Emergent In-lieu Fee 

  

  

Figure F.50. NC12-39 site images. 
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Figure F.51. NC12-41 site map. 



206 

NC12-41   

7.8 ha  8 yr old 

Shrub  In-lieu Fee 

  

 

Figure F.52. NC12-41 site images. 
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Figure F.53. NC12-42 site map. 
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NC12-42   

6.5 ha  6 yr old 

Emergent In-lieu Fee 

 

 

Figure F.54. NC12-42 site images. 
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Figure F.55. NC12-43 site map. 
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NC12-43   

1.6 ha  11 yr old 

Forest  In-lieu Fee 

  

 

Figure F.56. NC12-43 site images. 
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Figure F.57. NC12-44 site map. 



212 

NC12-44   

20.7 ha 8 yr old 

Emergent In-lieu Fee 

  

  

Figure F.58. NC12-44 site images. 
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Figure F.59. NC12-46 site map. 
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NC12-46   

12.5 ha 6 yr old 

Emergent In-lieu Fee 

  

  

Figure F.60. NC12-46 site images. 
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