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Section 1 - Report Introduction
Section 1.1 Executive Summary

The objectives of this study were to (1) expand M@ wetland monitoring program that
originated with the EPA Grant, “Development of atl&led Monitoring Program for Headwater
Wetlands in North Carolina” (CD 974260-01) to aditl wetland types, (2) to conduct a field
verification of the newly developed Level Il NortBarolina Rapid Assessment Method
(NCWAM) through comparison with the intensive LevBlsurvey results, and (3) to provide
information on the condition of wetlands in the Higy Creek and Lockwood Folly River
watersheds for the NC Ecosystem Enhancement Pro@&m) which will potentially be used in
the development of EEP’s Local Watershed Planstiese watersheds. The North Carolina
Division of Water Quality (NCDWQ) has collected letv (remote GIS spatial analysis), Level
Il (rapid on-the-ground assessments), and Levdirtensive chemical, physical, and biological
surveys) wetland survey information on two typesiadérine wetlands, (Riverine Swamp Forest
and Bottomland Hardwood Forest wetlands), and dspeal wetlands, (Small Basin wetlands)
in this report. This study was conducted in thedRiont Fishing Creek watershed located in
Granville County and the Coastal Plain Lockwoodly&liver watershed located in Brunswick
County. This study monitored seven Riverine Swaragpests and six Small Basin wetlands in
the Lockwood Folly River watershed and six Bottamlddardwood Forests and six Small Basin
wetlands in the Fishing Creek watershed for a to@hitoring effort at 25 sites.

Level 1l chemical and physical monitoring of thierée wetland types examined the water
quality, soils, and hydrology. Water quality dat@res collected from one to three stations
depending on wetland type in order to assess hewdter quality changed as it flowed through
the wetland system. The Riverine Swamp water quatisults showed these systems clearly
improved water quality while the bottomland harddaesults were more variable with some
parameters improving and some not improving. Sityildwo Small Basins with outlets were
assessed for changes in water quality resultingnim site showing improvement and the other
not showing improvement. The Small Basins wetland$e Lockwood Folly River watershed
also had better water quality then in the FishimgeR watershed. However, system inputs were
not measured as a possible explanation for therdiice. The analysis of the surrounding upland
and wetland soil samples showed that all threeandttypes are acting as sinks for nutrients and
metals, thereby, improving water quality. The salsessment is consistent with the water
quality results in that Fishing Creek sites had enpollutants in the soil than Lockwoods Folly
River sites. Monitoring wells outfitted with preseuransducers were installed at each wetland
site. The hydroperiod of the three wetland types waxiable, partly due to differences between
the wetland systems and partly due to the morerseaféects of drought in the Lockwood Folly
River watershed.

Level 1l biological monitoring results were usea develop Amphibian and Plant Indices of
Biotic Integrity (IBIs). Level | and Level Il (Ohi®apid Assessment Method scores) results were
correlated with each wetland type’s amphibian alashtpmetrics separately. Level Il (soil and
water quality) results were also correlated withphibian metrics for each wetland type.
Different wetland types, regions of the state, apeécific site stressors caused considerable
variation within the Riverine Swamp Forest, Bottand Hardwood Forest and Small Basin
wetland amphibian and plant communities which tteslin the significance of different metrics
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for different wetland types. The IBIs with the megnificant metric correlations were the Small
Basin wetland Plant IBI, the Riverine Swamp Foilsint IBI, and the Bottomland Hardwood
Forest Amphibian IBI. Notably, five plant metricsica the Plant IBI for the Small Basin
wetlands, two plant metrics and the Plant IBI foe tRiverine Swamp Forests, and four
amphibian metrics and one plant metric for the @atand Hardwood Forest wetlands also were
significantly correlated with some of the NCWAM w#ts.  Further monitoring of additional
sites and more diverse wetlands (with respect talition) for all three wetland types in other
areas of the Piedmont and Coastal Plain will beleédo fully develop these IBIs and to ensure
their accuracy. Some of this effort will probablg ldone with a recently awarded Wetland
Monitoring Intensification Grant to North Carolin@guth Carolina, and Alabama.

Statistical correlations were made by comparingraVeNCWAM ratings and the NCWAM
function ratings (Water Quality, Hydrology, and Htab with the Level Il intensive results.
Additionally comparisons were made with a secongidraassessment Method (Ohio Rapid
Assessment Method) and the GIS Level | analysgnifitant correlations were found between
the NCWAM scores and some of the Level Ill resiitduding some of the amphibian and plant
metrics and plant IBIs, the water and soil qualagults (dissolved oxygen, some nutrients and
metals). Some of the NCWAM scores also correlated the Level I ORAM scores, but not
the Level | LDI scores. The correlation of the Snigdsin Wetland and Riverine Swamp Plant
IBI with the NCWAM Habitat function is a particulgrsignificant correlation as this indicates
this function is working appropriately. The nonssfgcant correlations may have occurred since
there was not a wide range of NCWAM ratings for shenple sites (most sites rated high value
and some rated medium value) and the fact thae thes a small sample size for each wetland
type. Further testing with a larger sample size armate diverse NCWAM ratings of these
wetland types is needed and is currently being donéleadwater Wetlands (EPA Grant - WL
9643505-1).

The quality and function of the wetlands that weteveyed in both the Fishing Creek and
Lockwood Folly River watersheds had some variatiotterms of quality due to logging, the
presence of invasive vegetation, ditching, anddsufihpacts. However, overall these wetlands
appeared to be maintaining their water quality agdrological functional benefits. Both the
Fishing Creek and Lockwood Folly River watershedwehlarge expanses of open space,
although impending development in these waterskesisecially in the Lockwood Folly River
watershed) have the potential to impact these nas$land stress the ability of these systems to
properly function. Continued long term monitorinfysix of these sites (two Riverine Swamp,
two Bottomland Hardwood Forests, and four SmalliBagetlands [two Coastal Plain and two
Piedmont]) will provide invaluable information ohet affects of developmental impacts on
wetland quality and function in a rapidly growirggron of the country.

This study has provided a better understandinghefduality and function of three types of
wetlands, Riverine Swamp Forest, Bottomland Hardwéorest, and Small Basin wetlands
within the Lockwood Folly River and Fishing Creekatersheds. The intensive Level llI
monitoring results have showed these types of wetlaare diverse systems comprised of a
variety of vegetation in each strata and that trestems are home to numerous types of
amphibians. Additionally, the Riverine Swamp Fosesnd to a lesser degree Bottomland
Hardwood Forests can improve water quality by lomgethe levels of nutrients and metals. The



nutrients and metals in the soils are lower indpknds indicating that these wetlands act as a
sink for these potential pollutants. The develophe# IBI's was largely successful, especially
for the plant data.

Regional, wetland type and site specific stressatsed variability of water quality, hydrology
and soil type which contributed to biota differemdmetween the wetland types in the Coastal
Plain and Piedmont. The Coastal Plain Small Bagtlands had better water quality than the
Piedmont Small Basin wetlands. The hydrology of éRive Swamp Forests showed these
wetlands are very wet and stay that way year roumite Bottomland Hardwood Forest are drier
during the during the growing season. PiedmontliSB&sin wetlands also tended to be more
drought tolerant than Coastal Plain Small Basinlamels. The soils in Bottomland Hardwood
Forests were typically mineral while Riverine Swaigrests contained organic muck. Small
Basin wetlands had organic soils with a higher semtent in the Coastal Plain. The Coastal
Plain Small Basin wetlands had the highest diversitamphibian species while the Riverine
Swamps had the least diversity; however the Piedwetlands had the greatest abundance of
individuals. Coastal Plain Riverine Swamp vegetatwas the most diverse while the Small
Basin wetlands in this region had the least ditgi@nd a dense shrub layer. Species variability
between wetland type was related to regional, aol, physiographic differences.

Section 1.2 Purpose and Goals

This grant proposed to accomplish several goalky céntinue the process of establishing a
wetlands monitoring program in North Carolina, dstesl in a previous EPA grant (CD#
9754260-01), by monitoring different wetland typé2) continue to provide Level Ill data for
the verification and validation of the North CanaliWetlands Assessment Method (NCWAM)
and (3) focus on wetland monitoring within wateidhdhat are having management plans
developed by the NC Ecosystem Enhancement Progd&@iEEP). The focus of this monitoring
project concentrated on two watersheds; Fishing@lCveatershed in Granville County located in
the north central Piedmont, and Lockwood Folly RiWatershed in Brunswick County located
in the southeastern Coastal Plain. This wetlandmitoring effort will provide useful
information for NC EEP and could contribute to thevelopment of the local watershed plans.
The previous monitoring project (Baker and Savaf¥)8) focused on Headwater Wetlands
randomly selected in the Piedmont (12 sites) anthénCoastal Plain (11 sites). The current
monitoring project focuses on three wetland ty@sall Basin wetlands, Bottomland Hardwood
Forests, and Riverine Swamp Forests. Specific@ysmall Basin wetlands and six Bottomland
Hardwood Forests were monitored in the Fishing Kreatershed and six Small Basin wetlands
and seven Riverine Swamp Forests were monitoréteihockwood Folly River watershed for a
total of 25 sites.

Section 1.3 Level I, Level I, and Level 1l Wetlard Monitoring
Monitoring methodologies used in the previous wetkamonitoring project (Baker and Savage,

2008) were used in the current project with a feadifications. Level | (remote sensing, spatial
analysis), Level Il (rapid assessments), and Lé&Vdintensive assessments) monitoring have
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been completed for the wetland sites. The Levealalysis involved a spatial land cover analysis
of the watershed and 100 m buffer of each sites Hmalysis was used to create a land-use
development index (LDI) (Vivas and Brown, 2003) afhiwill be used to determine the effect of
land-use development on the Level Ill monitoringtada Level Il monitoring involved
completing rapid assessments; NCWAM and Ohio R&mgessment Method (ORAM, Mack
2001) on each site. The primary use of the ORAMlIts was as a disturbance gradient for the
analysis of the Level Ill monitoring data as wedlta allow comparisons to the NCWAM results.
Level 1l monitoring involved intensive wetland mtoring surveys of amphibians, aquatic
macroinvertebrates, vegetation, water quality, by, and soils. Water quality data included
physical measurements and chemical measuremerds. d&a included soil composition of
nutrients and metals as well as soil chemical dngipal characteristics. Hydrological data was
collected with monitoring wells over time intervdty the duration of the project (June 2007 —
December, 2008).



Section 2 - Wetland Monitoring, 1Bl Development, an Data Analysis
Section 2.1 Level | GIS Assessment

A Land Development Index (LDI) value was calculafed each site’s watershed and 300m
buffer using a method similar to that describedBmown and Vivas (2003). The LDI value
estimates the potential impacts from anthropomarphfiluences on land cover by evaluating
land cover in a designated area. LDI values arentisdly a human-related disturbance score that
is associated with intensity of the land-use based non-renewable energy flow. US
Geographical Survey topographical quad maps wezd tesdetermine the watershed boundaries
for each site. Land cover parcels were delineatedaasigned a land cover type value (see Table
2.1-1) with ArcGIS. A 2006 DOQQ@erial and on the ground observations were usddlioeate
the land parcel polygons for all land area locatgtthin each site’s 100m buffer or watershed.
Each land parcel type was digitized and assignddnd cover code and associated LDI
coefficient (see Table 2.1-1). The following eqoativas used to determine the Land Use Index
value for the watershed and 100m buffer of eaeh sit

LDl ot = 2. %Lui * LDI

LDl tomi= LDI ranking for landscape unit
%Lu; = percent of the total area of influence ia ldind use i
LDI; = landscape development intensity coefficfentand use i

Table 2.1-1 Fishing Creek and Lockwood Folly Rivetland Land Cover Type and Index
Values

Land Cover Types for wetland study site LDI Coefficient
watersheds and one-mile buffers

Natural Areas 1
Water Bodies 1
Unmanaged Herbaceous Upland 2
Unmanaged Herbaceous Wetland 2
Managed Herbaceous Upland 3
Pine Plantation 3
Cultivated 5
Low Intensity Developed 6
High Intensity Developed 8

LDI values with a higher score indicated that larsé for the watershed and 100m buffer were
more heavily impacted by human usage (see Tabi2)211DI value of 100 indicates the buffer
or watershed land coverage contained only natuealseor water bodies. The LDI values used in
this study were similar to the values used in thewd and Vivas 2003 study in Florida. The
ranges and averages of each of the wetland type$0fd M and Watershed LDI | values are
showen in Table 2.1-2.
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Table 2.1-2 LDI Results Table

Watershed W;:tlagd Site Name LDI Value Averages and Ranges
P 100 M | Watershed 100 M | Watershed
Fairport 165 342 Range = Range =
2g (Gray 100 237 100-263 | 179-342
‘_E“‘ S Hancock 109 284
o S 'c% Kim Brooks 263 181 Ave = Ave =
o @ T | Munn 125 285 143.7 2513
&) Powers 100 179
,E’ Belton Creek 184 131 Range = Range =
< = =
2 5o |Dargan 124 100 118228 | 100-317
& & | Dean 164 282
= g Eastwood 228 317 Ave =
E - -
5 Goldston 118 136 286 Ave = 284
Hart 216 232
Doe Creek 100 249
o - Range = Range =
g | Hewitt 100 293 100-284 | 132-390
g Lockwood 162 161
2 Mercer Seawatch 162 223
> 2 [Rourk 120 132 Ave = Ave =
E g Winding River Pond 279 390 172.4 262.6
) @ Winding River
§ Townhouse 284 390
< Bluegreen Golf 286 284
o - ) 5 178 Range = Range =
- % [Martin Amment 15 103-286 | 102-284
& & | Mill Creek 157 174
3 g Seawatch Bay 209 277 Ave =
(,E) Seawatch Nautica 103 102 i’? 4_ Ave = 197
Sikka 147 154




Section 2.2 Level Il Rapid Assessment
Section 2.2.1 North Carolina Wetland Assessment Miedd (NCWAM)

The newly developed North Carolina Wetlands Assessriviethod (NC WAM) was performed
on each wetland study site (see Appendix A for pycof the NCWAM form and NCWAM
Dichotomous Key to General NC Wetland Types). NOWKA a Level I, rapid assessment of
wetlands based on functional value. The primarjealve of NCWAM was to provide an
accurate, rapid assessment of wetland functioninieaguno more than 15 minutes of on-site
time. The development of NCWAM occurred over aefiyear period (2003-2007) with
participation from the NC Division of Water QualitNC Department of Transportation, NC
Natural Heritage Program, US Environmental ProtectAgency, the US Army Corps of
Engineers, the US Federal Highways Administratia8,Fish and Wildlife Service, NC Wildlife
Resource Commission, and the NC Ecosystem EnhamteRregram which made up the
Wetlands Functional Assessment Team (WFAT). NCWdépends on wetland type to assess
function. Therefore, 16 general wetland types wiatned by WFAT and a dichotomous key
was developed to help the assessor determine tinectavetland type (WFAT development
committee, 2006).

Three functions are assessed by the method; hyprolwater quality, and habitat. The
hydrology function is further broken down into sagé and subsurface storage capacity and
retention. The water quality function is assedsgdhe sub-functions of pathogen, particulate,
soluble, physical, and pollution changes. Finalhg habitat function uses the sub-functions of
physical structure, landscape patch structure vagdtation composition. A single form is filled
out by the assessor, which includes office timeS(Ghap consultation for some of the metrics)
and field time. Several scores are generated tremcompleted form which is entered into a
Excel spreadsheet which calculates the resultd. thél scores take on the values of “high”,
“medium”, or “low”. There is an overall score #tle rated wetland as well as scores for each of
the three major functions. The sub-functions factefunction also receive a score, of high,
medium, or low. NCWAM also contains opportunitytnes, which are scored high, medium,
or low. Opportunity metrics are an assessmenrtefbility of the wetland to perform a function
based on watershed condition. The opportunity insetire not automatically used to calculate
any of the function scores or overall score, bet provided as additional information for the
assessor to use at his/her discretion as the ynatgregulatory structure allows or requires.

The two researchers for this work (Rick Savage Vindinia Baker) completed the assessment
forms two times each, in fall of 2006 and the fail 2008 in the months of October and

November. The forms were completed two times fachesite (except Hart due to loss of
access), once prior to and once post the Leveintdnsive survey work in order to assess
whether further knowledge and familiarity with tlsée would change the NCWAM score.

Additionally, the forms were completed independent avoid bias. Both individuals have

successfully completed the four-day NCWAM trainiclgss. The 2006 forms completed were
version 2.10 dated March 27, 2006 and the 2008 Saxompleted were version 4.0 dated May
12, 2008. The calculator version 1.0 dated June2@@8 was used to calculate the NCWAM
scores for both the 2006 and 2008 rapid assessments

18



Correlations were performed on the overall NCWAMorsc between the two researchers.
Numeric scores were assigned to the NCWAM valugh(ls 10, medium = 5, and low = 1, see
discussion below). The Pearson’s correlation teduin a significant correlation of 0.5678

(p<0.0001) and the Spearmans also had a signifaanelation 0.6014 (p<0.0001). Also, a t-
test was performed on the two set of scores ame thas no significant difference between the
two researchers. These correlations are strongvang significant indicating that the two

researchers were in good agreement in their rafinige sites with NCWAM.

Table 2.2.1-1 shows the NCWAM results for each sker the Bottomland Hardwood Forests in
the Fishing Creek watershed, the predominant dvecalres were high for three of the sites,
medium for two sites, and low for the Gray siteheTmajor difference was the results for
Virginia Baker for the Fairport and Kim-Brooks sitevhere they were rated low on the first
assessment and high on the second. The main rdasdhis difference was due to the
observation of overland flooding and inundationtluése sites on the second visit since. One
critical question on the NCWAM form dealing withetlissue of overland or overbank flooding
could swing the rating from high to low (or low ligh) based on how it was answered. The
answer to that question accounted for this diffeeen For the Small Basin wetlands in the
Fishing Creek watershed, four were rated high dred Eastwood and Hart sites were rated
medium and in this case there were no differeneésden raters or time periods. For the Small
Basin wetlands in the Lockwood Folly River watershall scored high on NCWAM except for
the Bluegreen Golf site, which was rated mediumgaiA there were no differences between
raters or time periods. In addition, the Small iBasetlands were rated similarly in both
watersheds on NCWAM. Finally, the Riverine Swamgrdst in the Lockwood Folly River
watershed all received an overall score of highthwinsistent results between raters and time
periods with exception of the Winding River TownBeusite. Again this difference was
primarily triggered by the one question on NCWAMaltieg with overland and overbanks
flooding (this discrepancy is dicussed at the enithis section). On many of the sites, there was
some variation with the individual functions whican be seen in Table 2.2.1-1.

The results for the NCWAM ratings show very goodsgistency between the raters and within
the raters over time such that more familiaritynwiite site did not typically change the overall
ratings. The major cause of any differences imgatwas the question dealing with overland
and overbank flooding. A “no” answer to this quastcould bring the rating for the entire

wetland to low and a “yes” answer would result inigh rating. This question only affected the
Riverine Swamp Forests and Bottomland HardwooddtsreThe WFAT has noted this problem
and have changed this question to reduce theyabflithis question to so dramatically adjust the
site’s rating (J. R. Dorney, personal, 2009).

To evaluate NCWAM, the high, medium, and low scdrad to be assigned numbers to allow
correlations to be performed. Therefore, a valueigh was given a score of “10”, medium was
given a “5”, and a low NCWAM rating was given a seof “1”. This numerical assignment is
the same method that the developers of the Nativapld Assessment Method are using (USA-
RAM) used (Collins and Fennessey, USA-RAM draft owln 2009,
http://www.epa.gov/oamhpodl/adm_placement/sapghiditam). The USA-RAM also scores
parameters with values of High, Medium, and Lowahhare assigned the numeric values of 10,
5, and 1, respectively, when values need to be sdrimacquire cumulative scores. For current




purposes, the logic used by Collins and Fennessytovprovide some variance and “separation”
between the ratings. Since future evaluations @/\M\M will include the use and evaluation of
USA-RAM, it made logical sense to use the same mamassignment. These numerical
assignments for NCWAM were done for the overallrecand for the functions of hydrology,
water quality, and habitat.

As was previously mentioned, NCWAM was completedcaththe wetland sites (except Hart due
to loss of access half way through the study) twes$ by two different researchers, once at the
beginning of the study and once at the end in otdeassess how further knowledge and
familiarity with the site would change the ratinghierefore, correlations using Spearman’s rho
and Pearson’s correlation tests were performedenmaw data with both the pre and post study
NCWAM results. The average of the three functioores and the overall score for the two
researchers were calculated for both the pre astl giady NCWAM results and used in the
correlation. These averaged NCWAM results for bibid pre and post study were correlated
against Level |, Level Il, and Level 1l monitoringsults. For the Level I, results the LDI score
for the three wetland types was used (see Sectin Ror the Level Il results, a second rapid
assessment method, the Ohio Rapid Assessment M&MBAM, Mack 2001) was also
evaluated and is described further in the followsegtion. The ORAM average score of the two
researchers was used for this correlation. For ILBv@nalysis, the results from the intensive
chemical, physical, and biological surveys for eadtland type were used. The average water
quality parameter values (except water temperatang) the average values for wetland soil
potassium, phosphorus, calcium, magnesium, sutfanganese, zinc, lead, copper, sodium, and
NO3-N were used in the correlations and are desdrfurther in sections 4.1 and 4.3. The IBI
scores and associated significant metrics that wekeloped for each wetland type for both
amphibians and plants were used in the correlatorthe Level Il biological results. The
development of these metrics are described fuithsections 4.4 (amphibians) and 4.6 (plants)
and the significant metrics used in the 1Bl and $Bbres are described further in sections 5.2.5,
5.2.7 (riverine swamps), 5.3.5, 5.3.7 (bottomlaratdivoods), 6.6 and 6.8 (Small Basin
wetlands). The correlations of the NCWAM resultsl arevel |, Level I, and Level Il survey
results were analyzed separately for each wetlgpe. tOverall, one of the seven bottomland
hardwood sites was rated low, two were rated medamoch three were high quality. For the
Riverine Swamp Forests, all were rated high. Bmébr the Small Basin wetlands, three were
rated medium and and nine were rated high.

As mentioned earlier, there was a significant @&ipancy between the two researchers on the
Lockwood Folly Riverine Swamp Forest Winding Riviewnhouse site. The NCWAM question
dealt with whether there was overbank or overldadding and answering this question, “yes”
or “no”, could result in the rating going form higd low or low to high. This question clearly
carried too much weight (see Appendix A, last immquestion 13, NCWAM Form vs 4.0, May
2008). The NCWAM Functional Assessment Team (pessam. Dorney, 2009) changed the
form where overbank or overland flooding is assurf@dRiverine Systems and the question
now asks whether the overland or overbank floodimdyoth, are severly altered. The weight of
the answer in the underlying boolean logic, whislused by the NCWAM calculator (version.
3.0) to calculate the score, has also been redswggdthat fluctuation in the overall rating would
not go from high to low or from low to high wheretlanswer to this question is changed (see
Appendix A, NCWAM Form version 3.0). The newest sien of the NCWAM Form and
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calculator resulted in both researchers scoringiunedor the Winding River Townhouse site
(meaning that the overland flooding had been altérethe adjacent development) which would

have been the same as the averaged score of Betirebers (high + low = medium) used in the
correlation analysis.
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Table 2.2.1-1 - NCWAM Results for the Fishing Creek and Lockwood Folly Watershed Wetlands
Function
2
£ & Water Quality Overall
? E Water | Water Quality | Opportunity NCWAM
% = Hydrology Quality Condition / Presence? Habitat Wetland
= 2 Site Date Observer | Condition | Condition | Opportunity YIN Condition Rating
Fairport 10/12/2006 RS high high high yes high high
Fairport © 9/2/2008 RS medium  high ~high yes high high
Fairport - 10/12/2006 VB low  low low yes high low
Fairport 9/2/2008 VB medium  high high yes high high
Gray 10/12/2006 RS low = low low yes medium low
Gray ©9/2/2008 RS low low low yes  high low
« |Gray - 11/21/2006 VB low low low yes high low
3 |Gray 9/2/2008 VB low low low yes high low
i0 Hancock 11/1/2006 RS medium = medium high yes high medium
¥ |Hancock: 9/2/2008 RS medium medium  “high “yes " “high | medium
g Hancock 11/1/2006 VB medium medium high yes high medium
x 2 Hancock 9/2/2008 " VB medium  medium high yes high medium
?(_a' =z Kim-Brooks 10/30/2006 RS high high high yes high high
% T |Kim-Brooks ©9/2/2008 RS medium  high high yes high high
B = |Kim-Brooks 10/30/2006 VB low | low low yes high low
@ E  |kim-Brooks 9/2/2008 VB medium  high high yes high | high
= £ [Mumn 10/30/2006 RS medium  high high yes high high
@ Munn ©9/2/2008 RS medium  high high ~ yes high high
Munn © 10/30/2006 VB medium  high high yes high high
Munn ©9/2/2008 VB medium  high high yes high ~ high
Powers 11/29/2006 RS medium high high yes high high
Powers © 9/2/2008 RS medium medium  high yes high | medium
Powers 1 11/29/2006 VB medium = medium  high yes high | medium
Powers ©9/2/2008 VB medium medium  high yes high | medium
- Belton Creek 10/12/2006 RS medium high high no high high
T = § |Belton Creek © 9/3/2008 RS medium  high high no high high
& & % |Belton Creek 10/12/2006 VB medium = high high no high high
= [Belton Creek 9/2/2008 VB medium __high high no high _high

RS = Rick Savage and VB = Virginia Baker




Table 2.2.1-1 - NCWAM Results for the Fishing Creek and Lockwood Folly Watershed Wetlands

Function
8-
5 = Water Quality Overall
ﬁ g Water Water Quality | Opportunity NCWAM
% % Hydrology Quality Condition/ | Presence? Habitat Wetland
= 2 _ Site Date Observer Condition | Condition | Opportunity Y/N Condition Rating |
Dargan 10/11/2006 RS high high high no high high
Dargan ©9/2/2008 RS high high high no high high
Dargan - 10/11/2006 VB high high ~ high no high high
Dargan ~9/3/2008 VB high high high no high high
Dean 11/1/2006 RS high high high no high high
Dean 9/2/2008 @ RS high high high no high high
B Dean 11/1/2006 VB high “high high no high high
X = Dean 9/2/2008 VB high high high yes high high
§ é Eastwood 10/26/2006 RS medium high high no low medium
o = ... |Eastwood 09/02//08 @ RS  medium  high high ..no low medium
2 @ |Eastwood - 10/12/2006 VB~ medium  high high no low medium
ﬁ : Eastwood 9/2/2008 VB medium high high no low medium
t £ [coldston 11/1/2006 RS  medum  high high no high high
?  |Goldston 9/2/2008 RS  medium  high high no high high
Goldston - 11/1/2006 VB medium  high high no high high
Goldston  9/22008 VB medium  high high no high high
Hart 11/21/2006 RS medium = medium medium no low medium
Hart © 0/0/2008 RS  medium medium  medium no low | medium
Hart 11/21/2006 VB medium medium  medium no low | medium
Doe Creek 10/18/2006 RS high high high no high high
z | &  |DoeCreek 10/15/2008 RS high  high high yes high high
2 § _ |Doe Creek 10/18/2006 VB high high high yes high high
P> @ 9§ |Doe Creek 10/16/2008 VB high high high yes high high
S | &9 [Hewettwidife 11/16/2006 . RS high high high no high high
S | 8 [Hewett Wildiife - 10/15/2008 RS “high high high yes  medium | high
S| & Hewett Wildlife 11/16/2006 = VB high high high yes high high
Hewett Wildlife - 10/15/2008 VB high high high yes  medium | high

RS = Rick Savage and VB = Virginia Baker



Table 2.2.1-1 - NCWAM Results for the Fishing Creek and Lockwood Folly Watershed Wetlands
Function
3
3 e Water Quality Bl
ﬁ 2 Water Water Quality | Opportunity NCWAM
% % Hydrology Quality Condition / Presence? Habitat Wetland
= = Site Date Observer | Condition | Condition | Opportunity Y/N Condition Rating
Lockwood 11/14/2006 RS high high high yes high high
Lockwood - 10/15/2008 RS high high  high yes high high
Lockwood - 11/14/2006 VB high high high yes high high
Lockwood ' 10/15/2008 VB high ‘high high yes high high
Mercer Seawatch 11/15/2006 RS high high high no high high
~ |Mercer Seawatch - 10/15/2008 RS high high  high no high high
8 . |Mercer Seawatch  11/15/2006 = VB high high high no high high
S |Mercer Seawatch - 10/15/2008 VB high high high no high high
a [Rourk 10/19/2006 RS high high high no high high
& [|rourk - 10/15/2008 RS high “high high no high high
& |Rourk - 10/19/2006 VB high high high no high high
= 2 [Rourk - 10/15/2008 VB high high high no high high
e S |Winding River Pond 10/20/2006 RS high high high yes high high
b = |Winding River Pond - 10/15/2008 RS high | high high yes high high
g Winding River Pond - 10/22/2006 VB high  high high yes  medium | high
o Winding River Pond 10/15/2008 VB high high high yes  high high
S Winding River Townhouse  11/14/2006 RS high high high yes medium high
Winding River Townhouse = 10/15/2008 RS high high high yes  medium high
Winding River Townhouse = 11/14/2006 VB low low low yes  medium low
Winding River Townhouse = 10/15/2008 VB low  low low yes  medium low
T Bluegreen Golf ~11/16/2006 RS medium  high high yes ~ medium medium
= Bluegreen Golf ~ 10/16/2008 RS  medium  high high yes - medium | medium
%’ Bluegreen Golf - 10/18/2006 VB medium high high yes - medium | medium
< Bluegreen Golf 10/16/2008 VB medium high high yes medium | medium
] Martin-Amment 10/19/2006 RS high high high no high high
@ |Martin-Amment - 10/16/2008 RS high high high no high high
g |Martin-Amment  10/19/2006 VB high high high no high high
&  |Martin-Amment 10/16/2008 VB high high high no high high

RS = Rick Savage and VB = Virginia Baker




Table 2.2.1-1 - NCWAM Results for the Fishing Creek and Lockwood Folly Watershed Wetlands
Function
8
T = Water Quality Overall
% Z Water | Water Quality [ Opportunity NCWAM
‘g % Hydrology Quality Condition / Presence? Habitat Wetland
= 2 Site Date Observer | Condition [ Condition | Opportunity Y/N Condition Ratiﬂg__
Mill Creek 10/20/2006 . RS medium high high yes high high
Mill Creek - 10/16/2008 RS medium  high high no high high
Mill Creek 1 10/20/2006 VB | medium  high high no high high
Mill Creek - 10/16/2008 VB | medium  high high no nigh high
T Seawatch Bay - 11/15/2006 RS high high high no high high
= = Seawatch Bay 10/10/2008 RS high high high no high _high'
£ é’ Seawatch Bay 11/15/2006 VB high high high no ~ high high
B = Seawatch Bay 10/16/2008 VB high high high no high high
g 2 Seawatch Nautica 11/30/2006 RS high high high no high high
= @ |Seawatch Nautica - 10/15/2008 RS high high high no high high
i TE“ - |Seawatch Nautica - 11/30/2006 VB high high high no high high
N Seawatch Nautica 10/16/2008 VB high high high no high high
Sikka 11/30/2006 RS high high high no high high
Sikka - 10/16/2008 RS high high high no high high
Sikka  11/30/2006 VB high high high no high high
Sikka - 10/16/2008 | VB high high high no high high

RS = Rick Savage and VB = Virginia Baker




Section 2.2.2 Ohio Rapid Assessment Method

The Ohio Rapid Assessment Method v. 5.0 (Mack, 28@&Appendix C for copy of ORAM
form) was used for the Level Il monitoring and tdoulate a disturbance score for each of the
wetland sites which is described further in Sectibd. ORAM is an existing conditional
evaluation tool that was suggested for use by th& &ince ORAM had been used in Ohio since
2001. ORAM contains six rapid assessment metricsnettland area, 2. upland buffers and
surrounding land use, 3. hydrology, 4. habitatratten and development, 5. special wetlands, 6.
plant communities, interspersion, and microtopolgyapMetric 5, which was specific to Ohio
wetlands, was not used in the assessment. ORAMbabeen specifically calibrated to NC.
However, the five metrics that were used (wetlarg aupland buffer and surrounding land-use,
hydrology, habitat, and plant communities) areéwd to be important factors in determining
the quality of NC wetlands. Again the project reshars, (Rick Savage and Virginia Baker)
completed the assessment forms two times eachglliroff 2006 and the fall of 2008 in the
months of October and November at the same tim&l@&WAM forms were completed. Similar
to NCWAM, the forms were completed two times fockessite (except Hart due to loss of
access), once prior to and once post to the Ldléhtensive survey work. Additionally, the
forms were completed independently to avoid bias.

Correlations were performed on the ORAM scores betwthe two researchres. Pearson’s
correlation resulted is a strong correlation with 0.932 (p<0.0001) and the Spearman’s Rho
correlation was also significant with r = 0.907&Q@001). A t-test between the two sets of
scores also was not significant indicating no sigant differences between the two researchers.
The strong correlations indicate that there wag geod agreement between the two researchers
on their ORAM rating of the sites.

The maximum score for a high quality wetland in W6uld be 90 without the use of metric 5.
Using both the sets of scores from the 2006 an® 288essments for Fishing Creek bottomland
hardwood sites and Small Basin wetlands sites tesbidach of these regional wetland types
having a normal distribution of scores. The scarge for the Fishing Creek Bottomland
Hardwood Forests is 45.5 to 76 with a mean of @hd median of 61.8. The score range for the
Fishing Creek Small Basin wetland is 32 to 82.5watmean of 57.7 and median of 55.5. The
Fishing Creek median scores for both the bottomlzrdwood and Small Basin wetland were
lower in 2006 than in 2008 (bottomland hardwood 26057 and 2008 = 64.3, Small Basin
wetland 2006 = 65.5 and 2008 = 76.5). Using théh ksmts of scores from 2006 and 2008
resulted in a non-normal distribution for both tteckwood Folly Riverine Swamp Forest and
Small Basin wetland sites. The Lockwood Folly RimerSwamp scores ranged from 50.5 to 84
with a mean of 71.2 and median of 72.3, while tbekwood Folly River Small Basin wetlands
ranged from 28.5 to 90.5 with a mean of 69.1 andiameof 73.5. Combining the Small Basin
wetland ORAM scores from both watersheds also teduh a non-normal distribution with a
mean of 63.8 and median of 68.5. The LockwoodyHilzer median score for riverine swamps
decreased from 2006 to 2008 from 76.5 to 71.3 vth#éeSmall Basin wetland score stayed about
the same; 73.8 in 2006 and 73 in 2008.
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Table 2.2.2-1 ORAM Results for the Fishing Creek and Lockwood Folly Watershed Wetlands

o
§ 352 5 s § E
s (2" : s € § 5 E
= Site B = . £ | 8 Total Observer Date Min Max Range Mean
Fairport 2 10 26 19 145 715 RS 00702708
Fairport 2 8 19 11 10 50 RS  10/12/06
Fairport 2 10 26 18 135 695 VB 000208  °° L B
Fairport 2 10 22 17 65 575 VB 10/12/06
Gray 1 14 20 19 11 65 RS 09/02/08
Gray 1 9 25 19 8 62 RS 10/12/06
Gray 1 13 20 19 |85 615 VB 09/02/08 FS 65 9 61.00
. |Gray 1 8 225 18 6 555 VB 10/12/06
¢ [Hancock 2 9 20 14 14 59 RS 09/02/08
L IHancock 2 4 175 11 14 485 RS 11/01/06
T - - I ! 45, . j
g |Hancock 2 9 19 13 135 865 VB 0902008 >0 = B
% |Hancock 2 45 15 115 125 455 VB 11/01/06
T |Kim-Brooks 2 4 20 115 13 505 RS 09/02/08
=) b ] 1 e b 1 o
. | § |Kim-Brooks 2 7 205145125 565 RS  10/30/06
3 E |Kim-Brooks 2 7 24 135 14 605 VB 09/02/08 GRA 08 L 53.58
o £ |Kim-Brooks 2 7 19 15 13 56 VB 10/30/06
£ ® [Munn 2 14 265 19 14 755 RS 09/02/08
2 Munn 2 14 265 185 15 76 VB 09/02/08
Munn 2 12 235 16 16 695 VB 10030006 OO0 e 9 ] s
Munn 2 (1224 165 16 705 VB 10/30/06
Powers 2 [ 12| 21 [165] 13 | 645 RS 09/02/08
Powers 2 10 235 17 165 69 RS  11/21/06
Powers 2 12| 21 [165[125] 64 VB 09/02/08 B B ? e
Powers 2 10 22 16 16 66 VB 11/21/06
Belton Creek 2 13 19 13 ' 20 67 RS 09/02/08
T |Belton Creek 2 12 185 11 16 595 RS  10/12/06
‘;a Belton Creek 27 | 12 7 19 7117.57 19.57 64 _ VB_ _ 09/02/08 _ 40.9 B 6.5 60.25
< Belton Creek 2 8 16 10 145 505 VB 10/12/06
& |Dargan 2 14 26 19 18 79 RS 09/02/07
= |Dargan 2 | 13 245 19 | 21 | 795 RS  10/11/06
£ |Dargan 2 14 26 17 205 795 VB  09/02008 " e R 8013
Dargan 2 13 245 20 23 825 VB 10/11/06

RS = Rick Savage and VB = Virginia Baker




Table 2.2.2-1 ORAM Results for the Fishing Creek and Lockwood Folly Watershed Wetlands

2| - z
(858 g " g
g |82 g 9o =
] o s £
= = Site 3 E E‘ § a Total =~ Observer  Date Min Max Range Mean
Dean 2 9 245 19 20 745 RS 09/02/08
Dean 2 10 225 145 155 645 RS  11/01/06
s e | | oo M| . 4 76 13 69.75
Dean 29 245 19 215 76 VB 09/02/08 8
Dean 2 13 205 14 145 64 VB 11/01/06
2 [Eastwood 3 | 12 14 7 11 47 RS 09/02/08
$ | & |Eastwood 3 4 145 65 9 37 RS  10/12/06 p - a4 58
S E Eastwood 3 12 15 8 115 495 VB  09/02/08 2 Ho '5 .
£ § Eastwood 3 4 125 55 7 32 VB 10/12/06
2 | = [Goldston 2 11 165 12 10 515 RS 09/02/08
E |Goldston 2 8 175 11 85 47 RS  11/01/06
@ \ . ! . \ - 2 i 45.25
Goldston | 2740 13 T 85| 485 VB 09/02/08 o D a 2
Goldston 2 8 155 85 6 40 VB 11/01/06
Hart 2 5 145 8 115 41 RS 11/21/06 : :
: | Sl . . | | ; i : 41 0 )
Hart Z 5 | 137 g 12| & VB 11/21/06 41 w190
Doe Creek 7 0 285 16 18 735 RS 7071508
Doe Creek "8 178 818175 20 80 RS 10/18/06
Doe Creek 2 9 265 155 175 705 | VB | 10/15/08 | e = 1o Ll
Doe Creek 2 |41 | 32 18 21 84 VB 10/18/06
Hewett Wildlife 2 12 29 19 185 805 RS 11/16/06
Hewett Wildlife 2 13 33 19 165 835 RS  15/15/08
@ : . .. | , \ =4t 77 : : A
= § Hewett Wildlife 21143 | 31 [175 168 | 795 VB 10/15/08 B &8 L
5 | % |Hewett Wildife 2 |11 | 28 AF 18| 77 VB 11/16/06
3 § Lockwood 3 9 245 17 17 705 RS 10/15/08
2| & |Lockwood 3 10 25 18 165 725 RS 10/15/08
: L i . , ; ‘ 2l 708 79.5 7
s £ |Lockwood 3 [ 10 /305 17 16 | 765 RS  11/14/06 . ol
| € |Lockwood 3 10 305 185 175 795 VB 11/14/06
©  [Mercer Seawatch 3 14 26 19 155 775 RS 10/15/08
Mercer Seawatch 3 14 28 18 155 785 RS  11/15/06
i S ke \ - L2 ) 768 80.5 4 78.25
Mercer Seawatch 3 1_4 | 26 19 ‘18.5' 80.57 | VB | 1_0_/1__5/08 : B
Mercer Seawatch 3 14 27 18 145 76.5 VB 11/15/06 |
Rourk 2 13 245 155 7.5 625 RS 10/15/08
Raticd | \ . . - 57 715 14.5 :
Rourk 2 12 295 14 14 715 RS  10/19/06 e

RS = Rick Savage and VB = Virginia Baker




Table 2.2.2-1 ORAM Results for the Fishing Creek and Lockwood Folly Watershed Wetlands

? | o % &
K c o (=] c
g 186 o - 3
= _R - Site % ?’3 2% ‘ % é’ Total Ob\s/%rver 1ODatj Min Max Range Mean
our 7 57 /15/08
- - . I = . - | . : 4.50
= |Rourk 2 12 30 105 125 67 VB 10/19/06 o7 it 162 $
£ [Winding River Pond 2 8 26 17 16 69 RS 10/15/08
L |Winding River Pond | 2 4 | 29 [145] 16 | 655 RS 10/20/06
o | i | e i . ; ; 68.8
E  |Winding River Pond 2 | 8 265 18 175 72 VB 10/15/08 Es ” 65 B
& |Winding River Pond 2 7 29 135 175 69 VB 10/20/06
:’:_E’ Winding River Townhouse 2 8 20 14 13 57 RS 10/15/08
¢ |winding River Townhouse 2 7 195 9 13 505 RS  11/14/06
& - frozed ool . - | . . 55.00
% |winding River Townhouse 2 8 19 135 135 56 vB  10/15/08 e o ==
Winding River Townhouse 2 8 23 9 1456 565 VB 11/14/06
Bluegreen Golf | 2 3 15 12 125 445 RS 10/16/08
Bluegreen Golf 2 3 165 11 135 46 RS  11/16/06
Bluegreen. Golf 2 3 16 12 125 455 VB 10/16/08 — = - 46.50
» Bluegreen Golf 2 3 175 135 14 50 VB 11/16/06
S Martin-Amment "3 o9/ |19 19 76 RS 10/16/08
T Martin-Amment . 3 924165225 75 RS  10/19/06 5
g Martin-Amment 3 10 26 19 205 785 VB 10/16/08 . e ' Lo
g Martin-Amment 3 10 245 165 245 785 VB 10/19/06
= | & [Mill Creek 2 10 21 18 10 61 RS 10/16/08
% |Mill Creek '2 "9 (3218 12| 78 RS 10/20/06
, , ‘ | I ! S 4. 13.5 67.
E Mill Creek 2 105 24 18 85 63 VB  10/16/08 o s .
8 [Mill Creek 2 9 33 19 115 745 VB 10/20/06
= |Seawatch Bay 3 14 32 19 20 88 RS 10/16/08
E |Seawatch Bay 3 14 32 20 195 885 RS  11/15/06
2 , | - ‘ ! | ) 88 : 2.5 89.
Seawatc_h Bay 3 14 32 20 _21.5_ 90.5 VB 10/16/08 e s
Seawatch Bay 3 14 32 20 21 Q0 VB 11/15/06
Seawatch Nautica g 2 14 _ 2_4 ! 18 | 1w 4 | RS | 10/1_6/08 _
Seawatch Nautica 2 14 _7272.757 16 16 . 705 RS 11/30/06 20 74 4 71.63
Seawatch Nautica | 2 [ 14| 24 |155]/185] T2 VB 10/16/08 :
Seawatch Nautica 2 14 215 16 165 70 VB 11/30/06
Sikka 3 |10 | 23 | 17 | 18 | 71 RS 10/16/08
| | | | . : 17. 63
Sikka 3 12 305 185 22 86 RS 11/30/06 il s . 0

RS = Rick Savage and VB = Virginia Baker




Table 2.2.2-1 ORAM Results for the Fishing Creek and Lockwood Folly Watershed Wetlands
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Section 2.3 Level Il Intensive Survey Methodologyutline

Field data were collected on water quality, hydgglo soils, amphibians, aquatic
macroinvertebrates, and plants. The following mes a brief description of the methods,
which are described in detail in Section 4. Resaésfound in Sections 5 and 6.

1. Water Quality — Water quality was monitored quarterly for 15 ttisnfrom early
February 2007 to late April 2008. The pH, dissoleeggen, specific conductivity, and
temperature were taken each quarter and water sampere collected for total
suspended solids, turbidity, fecal coliform, nuitee (NGQ+NOs, phosphorous, ammonia,
and total Kjeldahl), metals (lead, copper, zindcican, and magnesium), total organic
carbon, and dissolved organic carbon. Water qualdg typically collected from three
stations at the Riverine Swamp sites (“up-rivedpWwn-river”, and “buffer” stations),
two stations in the bottomland hardwood sites (ttgasn” and “downstream” stations)
and one station in the Small Basin sites (“wetlanstiition). Due to extreme drought
conditions, surface water samples were unattairefbde April 2007 at some of the basin
sites and not always available at other wetlaresggee Section 4.1).

2. Hydrology — Hydrological data were collected at each site fama or two 1.8 feet deep
surface water monitoring wells for 16-17 monthsnfrdune of 2007 to October 2008.
Typically two automated wells were installed at Riverine Swamp and bottomland
hardwood sites and one automated and one non-aigidmaere installed at the Small
Basin wetlands. Automated wells were outfitted wlivel Troll 500 vented pressure
transducers. Data from the pressure transducere wellected in the field and
downloaded to a spreadsheet program every threghsioRressure transducer water
level readings were always field proofed with meaements taken by hand every three
months (see Section 4.2).

3. Soils— Core samples were taken at 6-10 stations wahoh wetland: 4-6 in the wetland
and 2-4 in the surrounding upland. Each soil coes wxamined in the field for the
number of horizons and color, texture and widtlea¢h identified horizon. Soil samples
were collected for each horizon at each stationafbisites and analyzed for nutrients
(phosphorus, nitrate, nitrogen, potassium, calcimagnesium, and sodium), metals (also
called micronutrients- manganese, zinc, and coppegight/volume, exchangeable
acidity, sum of the cation, cation exchange capabiise saturation, and humic matter.
All samples were analyzed at the North Carolinaidbon of Agronomy, Soils Testing
Lab I Raleigh, North Carolina (see Section 4.3).

4. Amphibians — A semi-qualitative amphibian survey of approxietathree man hours
per site was performed in March and June of 200 funnel traps were also set out at
most sites for approximately 24 hours during thediasurvey and a 10 minute auditory
night survey was also conducted in June 2007. ilial and auditorial observations of
amphibians were recorded. Voucher specimens and photographs were taken for
identification and record purposes for all captuaeaphibians that were not identifiable
in the field. Dip-nets for standing water areastapm rakes for moving logs, and a tape
recorder were used with the amphibian survey weele (Section 4.4).

31



5. Aquatic macroinvertebrates — Up to five (depending on specific site condijion
macroinvertebrate sample stations were establiste@ach site. Macroinvertebrate
samples were collected with sweep nets and funays$ in March of 2007 in conjunction
with the amphibian survey (see Section 4.5).

6. Plants — A qualitative presence / absence plant surveypeaformed at all sites in the
fall of 2006. A quantitative survey was performadidg the spring or summer of 2007
or 2008 using methodology derived from the CaroMfegetative Survey (Peet et. al.
1997). This methodology included surveying the @nee and coverage of all plant
species and diameter at breast height of the wepdgies (see Section 4.6).

Section 2.4 Index of Biotic Integrity Development
Section 2.4.1 — Water Quality Disturbance Measures

Disturbance measurements for water quality parasmetere developed with average site
surface water quality results for 18 water quatisrameters. These include ammonia, calcium,
copper, dissolved organic carbon (DOC), dissolved/gen (percent and mg/L), lead,
magnesium, nitrite + nitrate (N®NOs), phosphorous, specific conductivity, total kjdita
(TKN), total organic carbon (TOC), total suspenddids (TSS), turbidity, zinc and pH. A
“combination” water quality disturbance measuremeas also developed by first determining
the relative average for each parameter for nusjemetals (copper, zinc, and lead only),
specific conductivity, and TSS for each site. Retativerages were determined by wetland type
and by wetland type by region. The relative avesagféhese nine parameters were then summed
which resulted in a water quality combination dibance measurement for each site. The
different measurements, including the average sengater quality results and the combination
disturbance measurement were tested for normagityguthe Shapiro-Wilk W Test (P > 0.05
indicated a normal distribution). The water qualiigturbance combination score is shown in
table 2.4-1.

Section 2.4.2 - Soil Disturbance Measures

At each wetland site, 6 to 10 soil samples werdectdd and analyzed for a number of
parameters including pH, copper, and zinc. As erpthin Section 2.3 and 4.3, 2 to 4 samples
were collected in the upland and 4 to 6 sampleg wellected in the wetland. The average value
for each site’s wetland samples was calculategbifgrcopper, lead, and zinc at each site. These
average results were used as disturbance measussimesoil pH, soil copper and soil zinc (see
Table 2.4-1). These metals can be particularlycttxiamphibians. Upland soil samples were not
used as disturbance measurements or in the distgbmeasurement calculation since all
macroinvertebrate samples were collected within wietland (See Section 4.5). In addition,
many of the amphibians were observed in the wettatiter than the upland buffer during the
amphibian survey (see Section 4.4). The soil distoice mean values are shown in table 2.4.2-1.
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Table 2.4.1-1 Water Quality Disturbance Measurements

Water . " Dissolved Dissolved
e Site Name Quatty | " | oo | Con | oy | 09 | Oveen |
Fairport 62.8 0.05 10.2 2.56 22.33 20.75 2.15 10
B 3 Gray 268.99 0.22 10.5 29 8.75 25.95 3.4 78
‘—g g Hancock 139.73 0.08 25.58 12.55 16.79 28.1 3.1 27.13
g g Kim Brooks 127.56 0.03 43.67 10.3 22 5.57 0.65 11
8 T Munn 190.97 0.22 8.27 19.68 11.59 33.97 5.24 27.08
Powers 109.95 0.16 11.06 9.06 35.42 17.34 1.93 15.2
Belton Creek 37.44 0.03 4.1 2.85 60.5 17.93 1.78 10
% - Dargan 44.34 0.03 2.63 2.8 44.17 30.03 3.3 10
8 S Dean 170.23 141 9.12 7.48 30.17 10.73 1.19 10
= T Eastwood 93.23 0.38 7.84 6.7 24.24 47.7 7.5 10.71
c/E) = Goldston 85.11 0.23 8.5 8.1 38.33 15.64 1.34 12.6
Hart 110.32 0.04 5.6 4.43 33.63 85.07 8.08 14.67
Doe Creek 113.27 0.15 82.06 13.38 12.78 48.31 4.74 19.06
g‘ Hewitt 50.02 0.17 31.58 4.94 14.03 23.9 2.98 20.59
‘§ Lockwood 243.34 0.83 122.76 | 18.33 22.22 25.78 2.75 39
ﬁ Mercer Seawatch 163.18 0.73 36.83 13.72 13.58 33.96 3.56 62.04
-% Rourk 213.76 0.17 49.8 52.1 11.03 13.36 1.47 101.4
.02: Winding River Pond 57.09 0.06 38.14 5.37 18.61 22.65 2.44 28.06
Winding River Townhouse 59.34 0.04 21.11 5.24 10.15 9.74 1.04 15.9
Bluegreen Golf 26.66 0.02 4 2 4.9 45.8 5.6 10
% - Martin Amment 35.29 0.17 1.15 2 38 25.9 2.85 10
8 S Mill Creek 27.39 0.02 3.38 2 17.25 15.85 1.95 10
= ° Seawatch Bay 67.53 0.92 1.9 2.05 33.38 74.23 6.62 10
(,E) = Seawatch Nautica 147.2 0.69 2.07 10.33 37.33 28.47 3.13 25.33
Sikka 108.88 0.83 8.51 4.11 39.78 78.61 6.94 10.89




Table 2.4.2-1 Soil Disturbance Table for IBI Development

Wetland - tan
Type Site Name Mean | Zn , Cu ,
pH mg/dm mg/dm
Fairport 5.27 2.37 1.5
- 3 Gray 4.88 1.26 0.61
‘—E“‘ S Hancock 5.16 2.51 1.86
=] % Kim Brooks 5.15 1.9 1.98
2 T | Munn 4.84 0.89 1.56
Powers 4.96 2.21 1.29
- Belton Creek 4.41 2.88 1.45
@2 | Dargan 4.39 1.64 1.05
22 | Dean 4.67 | 113 0.86
T2 | Eastwood 468 | 143 | o077
v Goldston 4.48 1.2 0.65
Doe Creek 4.86 2.61 0.34
o Hewitt 4.57 1.6 0.23
% Lockwood 5.23 0.93 0.23
U;) Mercer Seawatch 4.88 1.35 0.23
2 | Rourk 4.77 1.38 0.36
_g Winding River Pond 4.87 0.64 0.24
14 Winding River
Townhouse 5.44 1.14 0.25
Bluegreen Golf 4.62 0.44 0.34
% - Martin Amment 3.65 0.66 0.86
S S | Mill Creek 4.5 0.39 0.33
=T | Seawatch Bay 4.09 1.23 0.36
& = [ seawatch Nautica 3.81 0.8 0.37
Sikka 4.05 0.4 0.33
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Section 2.4.3 Statistical Analyses of Biotic Data@f Indices of Biotic Integrity Development

Indices of Biotic Integrity (IBIs) were developedrfthe two biotic sections- amphibians and
plants of the Wetlands Monitoring Grant (methodsduto evaluate the abiotic sections of the
grant are described in section 3.5). A set of lgi@al attributes were identified and evaluated for
use as candidate metrics in taxa specific IBls @raphibians and plants). Different types of
biological attributes were evaluated for each tgeaup such as species richness, percent tolerant
species, and percent sensitive species. The ekaogisal attributes that were evaluated and
chosen as candidate metrics for each taxa grougesiezibed further in Sections 5 and 6.

Various wetland disturbance measurements were peadin order to test candidate metrics for
each taxa group. Disturbance measurements use@stontetrics include a Level 1 GIS

assessment (LDI — Land Development Index), Lewskfand rapid assessment (ORAM — Ohio
Rapid Assessment Method), and Level 3 summary efiritensive survey of each site’s water
quality and soils. The development of the distudeameasurements were described in detail in

Sections 2.1, 2.2.2,2.4.1, and 2.4.2.

Disturbance measurements (the independent X vajialbld candidate metrics (the dependent Y
variable) for each taxon group were tested for rabityn by plotting normal quartile plots and
using the Shapiro-Wilk W Goodness of Fit test (p4ea< 0.05 indicated a normal distribution).
Pairwise comparisons using correlation analyseduding Spearman’s Rho (a non-parametric
test) and Pearson’s correlations, were run for dledidate metrics of each taxon group of
candidate metrics against the disturbance measutemé&or the Pearson’s correlation,
disturbance measurement and candidate metricsditiatot have a normal distribution were
transformed using a log 10 transformation prioruonning a Pearson’s correlation. Correlation
results of candidate metrics and disturbance meawsnts that had a p-value < 0.15 were
considered significant and therefore potentiallahle as a metric in the taxon group’s IBI
(ultimately, the metrics that were used in the plamd amphibian IBls had a p-value < 0.10)
Correlation tests were run for each wetland typggfhe Swamp Forest, Bottomland Hardwood
Forest and Small Basin Wetland) separately. FoStihell Basin wetlands correlations were run
on all sites together and then using the Coasgah RInd Piedmont regional data separately (See
Sections 4, 5 and 6).

Section 2.5 Statistical Analysis of Wetland Monitang Data

Summaries of all the results for the wetland types given where appropriate. Specifically,
results are summarized for each monitoring sitethad for each wetland type, such that overall
comparisons can be made between the sites and dretive wetland types. For the Riverine
Swamp Forests, water quality samples were takenarpind downriver, so the analysis looked
for any improvements in water quality as the swefaater flowed though the wetland. Samples
were also taken in the buffer areas of the RiveBnamp Forests, so the analysis will evaluate
differences in the buffer samples with the sampbdsen upriver and downriver. For the
Bottomland Hardwood Forests, four of the sites tader quality samples taken at upstream
locations and downstream locations, so the analgsked for improvements in water quality as
water flowed through the system. Two Bottomlanddw#aod Forests sites (Gray and Kim-
Brooks) did not have readily defined outlets, sodoavnstream samples were taken. Finally,
water quality was analyzed between the wetlandstypedetermine what differences may exist



between them such as which pollutants may be new&ent in a Small Basin wetland versus a
Bottomland Hardwood Forest or Riverine Swamp Forddtis analysis may be an indication of
how the wetland types may perform in terms of imprg water quality. The water quality
analyses also compareed the Small Basin wetlandewebe the two watersheds (and
physiographic regions) to look at potential diffezes in their function.

Soil data were also compared between wetland typeomparison between the Small Basin
wetlands in the two watersheds (and physiograpbéggons) was performed to look at those
potential differences in soil characteristics. Hyaupland soil samples were compared with
wetland soil samples to analyze differences argviil be analyzed across wetland type also.

Hydrology data were analyzed over time for eachlamet type. Differences between the

wetland types will be noted with a comparison of ®mall Basin wetlands between the two
watersheds. During the study period, drought dani were experienced and this effect on
hydrology will be noted and how the wetlands andlavel types tended to be affected and how
they recovered. Emphasis will be given to comgatire recovery of the Small Basin wetlands
between the two watersheds.

Level Ill data were analyzed using the level Il ORAcores as a disturbance gradient. Water
quality data, soil data, and hydrology data wemngared with ORAM scores to determine the
characteristics of least disturbed wetlands withlamels that are more disturbed. For example,
do higher levels of pollutants occur in the watersoil samples in disturbed wetlands versus
non-disturbed wetlands based on ORAM scores? MDeedydrology tend to be different in
disturbed wetlands in terms of flashiness or wateels? This same type of analysis will be
performed with the Level | Land Development Ind&bl). Again, determination of whether
levels of water or soil pollutants are higher inrmmdeveloped watersheds versus less developed
watersheds was analyzed.

Another purpose of this wetland monitoring reseavels to continue to evaluate NCWAM with
Level Il data. Therefore, correlations with thevee Il data for each wetland type were
conducted with NCWAM scores. Water quality datsswarrelated with the NCWAM overall
score and water quality sub-function of NCWAM. Tlesults will be a basis for an initial
calibration of NCWAM for these three wetland types.more extensive evaluation of NCWAM
for Headwater Wetlands is being conducted with LéNlemonitoring data by NC DWQ with
statistical assistance from the Research Triamgitlite (Development of a Wetland Monitoring
Program for Headwater Wetlands in North Carolinegng CD# 9754260-01 and Wetland
Functional Assessment: Expansion and enhancerhém dlorth Carolina Wetland Assessment
Method, (NC WAM) (grant WL 9643505-1).

Biological data (vegetation, amphibian, [and matvertebrate at a later time]) will be used to
develop Indices of Biological Integrity (IBI's) atescribed in section 2.5. The IBI results will

determine if there are relationships between tlodobical data and disturbance scores or LDI
scores. Biological data will also be analyzed bstland type to look at differences between
them. In other words, what are the vegetationasttaristics of each wetland type? What types
of amphibians inhabit each wetland type? In pal&ic are there differences between the Small
Basin wetlands in the two watersheds? Biologiehdwill also be correlated with NCWAM,
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particularly the habitat sub-function. This wiklp further calibrate NCWAM for these wetland
types.

Two Riverine Swamp Forests, two Bottomland Hardwdeatests, and four Small Basin
wetlands (two in the Lockwood Folly River waterstaed two in the Fishing Creek watershed)
will continue to be monitored. Six Headwater Wetla are also continuing to be monitored
from the first wetlands monitoring project (granD#£ 9754260-01). These long term
monitoring sites will serve as a basis for estailig a long term wetland monitoring project in
North Carolina. Separate analysis of the long teata will be conducted and reported in a
future report. Trends in the data over time w#él dnalyzed to determine any changes in the
monitored wetlands.

One Statistical concern that needs to be addrassbe use of the p-value of 0.15. We use a
more liberal probablility value due to the natufeoar research in that it is field data and not
laboratory data, small samples sizes, missing daetaalways normally distributed, and being
natural systems in a natural setting makes dataatimin more variable. We also have a desire
(goal) not to miss any potential significant resulGiven the exploratory nature of the research,
we want to be sure we uncover all potential sigaift results and let the test of time prove them
to be correct (or not). This is part of the analythat will occur with our long term wetland
monitoring sites.

The development of the IBI's however, uses a @riptvalue of 0.1. It was felt that a stricter p-
value was needed for any kind of model development.



Section 3 - Site Selection, Site Delineation, andatéérshed and Site Description
Section 3.1.1 Site Selection Methods

Wetland study sites were located during the sumenerearly fall of 2006 in both the Fishing
Creek and Lockwood Folly River watersheds. In tleekwood Folly River, watershed GIS
layers including North Carolina Coastal Region batibn of Wetland Significance (NC-
CREWS), National Resource Conservation Service (8)RSoils, Brunswick County 2006
infrared aerial, and USGS 1:24,000 topographicadguwere used to develop reconnaissance
maps to search for Riverine Swamp Forests and $aalh wetlands for use in this study. GIS
layers used to develop reconnaissance maps inishen§ Creek watershed included National
Wetland Inventory, NRCS Soils, 1998 DOQQs and USG24,000 topographical quad.
Reconnaissance maps were used to make field uisi®th watersheds where potential sites
were accessed for usability in this study. In thehiRg Creek Watershed, a couple of non-
mapped Small Basin wetlands (the Hart and Deas)sitere found while trying to access other
sites. For each site, a wetland determination waslemby reviewing soil, hydrology, and
dominant plant species. Wetland type was determiidd the NCWAM Dichotomous Key to
General North Carolina Wetland Types (v5.12). Idiadn general notes were made on the
condition of the wetland, dominant plant specied aocessibility. Sites were chosen based on
accessibility, size, land-owner permission, and sadndition. Sites that appeared to be variable
in quality (for example clear cut as opposed te$ted with mature trees) were chosen. In
addition in Brunswick County, some of the sites evircated in new development areas in the
pre-construction stage. Some of these sites (gegSeéawatch and Mill Creek sites) were chosen
for this study and with the goal of long-term moning to detect changes.

Section 3.1.2 Site Delineation and Features Recodlaith GPS

All wetlands were delineated using methods desdrimethe US Army Corps of Engineers
Wetland Delineation Manual, 1987 (Environmental duabory 1987). The upland wetland
delineation line determined the site boundary fostrof the Small Basin wetlands in the Fishing
Creek and Lockwood Folly River watersheds. In FighCreek, two of the wetlands had natural
outlets, one that continued to a stream (Eastwaad)one that entered a ditch that ended some
yards from the wetland. The outlets were not inetuavithin the site boundary for the Fishing
Creek sites. Similarly, in the Lockwood Folly Riwgatershed, three of the sites had connecting
ditches or outlets (Bluegreen Golf, Mill Creek a&edawatch Nautica) that were not included in
the delineation. Two other sites in the Lockwoodly-Biver watershed were too large to use the
entire basin (Seawatch Bay and Sikka) thereforeraom of these two sites which included open
water areas was utilized.

The bottomland hardwood wetland sites, located hia Fishing Creek Watershed, were

delineated along the upland wetland boundary omlsitét boundary as was the case at the
Hancock Site. The sites were either adjacent oseclm a river or stream (second order or
greater) or associated with one. In some situat{btecock and Powers), a sewage line was
located between the site and the stream so thegselivee was used as the boundary along one
side of the site.
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The Riverine Swamp wetlands of Lockwood Folly Rieee generally extensive systems that
were too large in size for the entire wetland toubed as a research study site. Approximately
300-400 feet of Riverine Swamp (measured alongugiland wetland boundary of one side of
the swamp) was used at each site. Both sides ofvieor stream associated with the 400 feet
of Riverine Swamp were used if accessible. Howebés was usually not the case. At the Doe
Creek site, 200 feet on either side of Stone ChymRd, on both sides of Doe Creek were
delineated for the assessment area. At the Mereaw&ch site, 200 feet on either side of the
proposed right-of-way for the bridge crossing ofliMireek were delineated on just the north
side of the creek. Both sides of the proposed +ofiway were surveyed for the Mercer
Seawatch site. At Hewitt Wildlife and Lockwoodesita section of Riverine Swamp was
delineated on just the south side of Sandy Bramchthe Lockwood Folly River respectively.
The Winding River sites were delineated approxitya890 feet on either side of Zion Hill
Road. Both sides of the Sandy Branch were delidefateWinding River Pond site on the east
side of Zion Hill Road. For Winding River Townhousie just the north side of Sandy River
Branch was delineated on the west side of Zion Ridad (Townhouses were on the south side
of Sandy Branch). For the Rourk site, both sidéhefstream were delineated, although only the
west side was 300 — 400 feet in length due to auiveghe stream and changes in habitat. The
Rourk site transitioned to fresh water tidal maaskhe south end of the site.

GPS points were recorded along contours in theawdtboundary, at water quality sampling
stations, wells, macroinvertebrate sampling statioand at the corners of the vegetation
sampling plot.

Section 3.2 Watershed and Site Descriptions (WetldnTypes as defined by NCWAM)
Watershed Descriptions
Fishing Creek Watershed

The Fishing Creek watershed (see Figure 3.2-19datéd in the north central part of the state
within the Tar-Pamlico River Basin (Catalog UnitO2B101) in Granville (primarily ~93%),
Vance (~5%), and Franklin (~2%) counties, neaitoinn of Oxford. The watershed itself is 69.7
square miles in size. The NC Department of Trartagion has three roadway improvement
projects planned for this region of the state. iRglCreek is a major and important tributary of
the Tar River and is also considered to be impaidett to having a poor aquatic
macroinvertebrate community and has been placetherNorth Carolina’s 303(d) list. This
impairment may be related to the Oxford wastewaeatment plant, which is situated just to the
south of Oxford at the headwaters of Fishing Creek
(http://www.nceep.net/services/lwps/Fishing/Fishi@geek.pdf). The town of Oxford has a
population of 24,040. Most of the area surroundhdord within the watershed is composed of
pastureland, cropland and low-density housing. Mdghe section of the Tar River that runs
through the Fishing Creek watershed has been desdjas a Significant Natural Heritage Area
by the NC Natural Heritage Program since it prosidebitat for rare aquatic and wetland
species (e.g. mussels). The Tar River Land Conseyalso maintains two significant



easements along the Tar River in the study anéa:{/www.nceep.net/services/lwps/Fishing/
Fishing_Creek.pdf

Lockwood Folly River Watershed

The Lockwood Folly River watershed is located thetBeastern part of the state (see Figure 3.2-
2) entirely within the Coastal Plain county Brunskvin the Lumber River Basin (Catalog Unit
03040207). The watershed used in this study wasgbare miles in size. The Lockwood Folly
River starts near the town of Bolivia and drain® ithe Atlantic at the Lockwood Folly River
Inlet. Much of the watershed is forested. Howeteat is quickly changing due to the pressures
of residential golf course development in the ragiSimilar to Fishing Creek, the Lockwood
Folly River is impaired due to the presence of fexmdiform that has impacted the shellfish
population causing this river to be placed on tB8(8) list. High nutrient levels have been a
recorded in the Lockwood Folly River watershddtd://www.nceep.net/services/lwps/Upper
Neuse/Lake Rogers.pdDevelopment has been rapid along US HighwayNQ, Highway

211 and in other areas to the south. However thedarge tracts of land to the north which
have remained undeveloped mainly in the Green Swalthpugh there have been extensive
silviculture activities in this area hitp://www.nceep.net/services/lwps/Upper Neuse/Lake

Rogers.pdf
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Figure 3.2-1 Fishing Creek Watershed
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Figure 3.2-2 Lockwood Folly River Watershed
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Site Descriptions

Site descriptions for the Fishing Creek Small Bagatlands and Bottomland Hardwood Forests
and Lockwood Folly River Small Basin wetlands andelRne Swamp Forests are listed below.
Infrared aerial maps and photos for each site ediotnd in Appendix B. Table 3.2-1 shows the
acreage and the latitude and longitude for eaeh sit

Table 3.2-1 Site Acreage, Longitude, and Latitude

Watershed W?Sggd Site Name Acres Longitude Latitude

Fairport 1.72 7834'5.23"W 36°6'14.124"N

T3 Gray 0.14 78%33'33.769"W 36°10'57.736"N

‘—é g Hancock 2.09 78%33'51.719"W 36°18'55.307"N

o S 'c% Kim Brooks 1.27 7836'22.095"W 36°6'28.113"N
3 3 I | Munn 1.76 7833'38.484"W 36°0'31.769"N
O Powers 2.80 78%34'29.779"W 36°19'15.798"N
8 Belton Creek 0.70 7835'40.441"W 36°4'35.767"N
ﬁ % - Dargan 0.91 78°37'31.266"W 3621'43.561"N
- & & | Dean 1.05 78736'47.623"W 36°16'47.893"N
= @ | Eastwood 3.07 78736'13.378"W 3622'13.241"N

</E) = Goldston 0.78 78%386'17.018"W 36°6'18.271"N

Hart 0.42 7833'4.565"W 36°3'19.921"N

Doe Creek 2.67 78°16'48.518"W 3490'15.078"N

g' Hewitt 1.39 78°15'3.377"W 3359'10.183"N

g Lockwood 5.80 78°15'44.181"W 340'40.404"N

ﬁ Mercer Seawatch 3.24 78°11'6.786"W 3357'52.311"N

= £ Rourk 1.18 78°3'11.658"W 33%57'28.816"N
L % Winding River Pond 0.91 78°4'13.273"W 33%8'50.885 "N
-§ Winding River Townhouse 0.59 78°14'19.056"W 33%58' 50.34"N
E Bluegreen Golf 1.82 78°14'34.143"W 33%58'42.936"N
§ % = Martin Amment 3.18 78°1'45.318"W 33%58'35.399"N
g S | Mill Creek 1.02 78°13'0.431"W 33%57'56.657"N

=z © | Seawatch Bay 3.01 78°11'5.585"W 33%56'22.771"N

UE) = Seawatch Nautica 2.05 78°11'7.009"W 33%58'46.077"N

Sikka 4.33 78°13'29.713"W 33%58'7.554"N




Fishing Creek Watershed — Small Basin wetlands (Snig)

Belton Creek — The Belton Creek site is a 0.70 acre isolated SBedlin wetland in southeast
Granville County about four miles south of OxfoMprth Carolina. Approximately 70 percent
of the wetland and area immediately surroundingdte logged in the last 10 tol5 years. The
wetland is buffered by mature forest to the nornl &5 to 20 year old second-growth forest on
all other sides. There is a logging road locate@l fekt south of the Belton Creek site, otherwise
the buffer is greater than 500 feet on all sidesjadvldisturbances are the aforementioned
logging and canopy gaps created by windthrow- tmewnt of which is significant. Canopy
consists of sweet gunLiquidambar styraciflu® red maple Acer rubrun), and along the
sunnier edges, loblolly pinePinus taeda Hydrology has had minor affects by the ruts and
ditching associated with the use of heavy equipnmeribgging operations. The wetland is a
bowl-shaped depression with good herb cover andawasductive site for breeding amphibians
during amphibian surveys in March 2007. Schafalk\Aleakley’s “Classification of the Natural
Communites of North Carolina, Third Approximatio(®990) would define the Belton Creek
site as primarily Upland Depression Swamp Fore#t wisection of Upland Pool in the interior
of the site.

Dargan — The Dargan site is a 0.91 acre isolated Small Bagittand located in north-central
Granville County about three miles northwest of @&f North Carolina. The wetland is
buffered on all sides by at least 200 feet of matbardwood forest. The wetland itself is
approximately 1000 feet west of Sterl Carringtora&oa two-lane paved road. The canopy is
open with red maple, sweet gum, and black giiyséa sylvaticadominant around the edge of
the wetland. The shrub layer is substantial andsistsm mainly of black highbush blueberry
(Vaccinium fuscatujn Dargan appears to be a high quality Small Besfierence site with little
human impact. The “Third Approximation” (SchafaladaWeakley, 1990) would define the
Belton Creek site as Upland Depression Swamp Fariéista section of Upland Pool located in
the interior of the site.

Dean —The Dean site is a 1.05 acre isolated Small Bagttand in central Granville County
about two miles southeast of Oxford, North Caroliflae north side of the wetland has not been
recently disturbed though agricultural fields buffee wetland to the northwest and are found
within 75 feet of the wetland. The southern fifththe wetland was logged in the past 15 years.
The remaining buffers on all sides are forestea Whtland lies approximately 500 feet west of
Hatcher's Run Creek. No obvious signs of alteredirblpgy are present though nearby
agricultural probably probably contribute runoff tee wetland. There are downed trees and
canopy gaps created by windthrow. Canopy consistsweet gum, willow oak Quercus
phellog, and red maple. Non-native invasive species dellapanese stilt-graddi¢rostegium
vimineun), Chinese privetlLigustrum sinenge and tree-of-heavem{anthus altissima The
“Third Approximation” (Schafale and Weakley, 19909uld define the Dean site as an Upland
Depression Swamp Forest.

Eastwood— The Eastwood site is a 3.07 acre non-isolated SmalinBastland in north-central
Granville County about three miles north of OxfoMbrth Carolina. The Eastwood site has a
natural hydrological conveyance (zero-order strettraj drains to the northeast and connects
with an unnamed tributary of Coon Creek. The erfiastwood site buffer was clearcut within
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the last five years which has undoubtedly affedtexl hydrology of this site and caused it to
become wetter. An agricultural field is also lochi0 feet south of the site. There are few non-
native invasive plant species though the areaasilyepopulated with “pioneering” species that
are often first invaders in recently disturbed argag., red maple, sweet gum, common dog
fennel Eupatorium capillifoliun), blackberry Rubussp.), etc.]. There are no tree species taller
than 15 feet at the site or within the adjacentdsugxcept in the hedgerows between fields, and
the area is dominated by grasses, sedges, rusttesyrall shrubs. The “Third Approximation”
(Schafale and Weakley, 1990) would define the Eastirsite as an Upland Depression Swamp
Forest.

Goldston — The Goldston site is a shallow 0.78 acre Small Basstland in central Granville
County about three miles south of Oxford, Northdlag. It is buffered by at least 500 feet of
mature second-growth forest on all sides, with Il@&ated 500 feet to the west. The nearly
closed canopy is dominated by sweet gum and redemaith winged elm UImus alatg and
black gumco-dominating the understory. The herb layer is/\aparse. There are remnants of
narrow, shallow ditches through and at the edgehefwetland. The shallow ditching and
silviculture bedding located in the buffer may mltee hydrology of the Goldston site. The
“Third Approximation” (Schafale and Weakley, 199@puld define the Goldston site as an
Upland Depression Swamp Forest.

Hart — The Hart site is a 0.42 acre isolated Small Basatlamd in southeastern Granville
County about six miles south of the town of Oxfdxdyrth Carolina. This wetland resembles the
Eastwood site since half of the Hart site and thtee=buffer were logged extensively within the
last 5 years. Some mature red maple, sweetgumged@an ashRraxinus pennsylvatigawillow
oak Quercus phellgs and mockernut hickoryGarya tomentosatrees were left behind
probably due to parts of the site being too wdbtp There is also a mature pine plantation 50
feet to the west of the Hart site. Tree removal amd left from logging have most likely
affected the hydrology of this site. In early 2008fore NC DWQ personnel could complete a
guantitative vegetation survey, ownership of th@éscpl changed hands and the new owner
removed the well and piezometer. Therefore, a Hgdrcal monitoring, vegetation survey and
water quality monitoring were not completed due denied site access. The “Third
Approximation” (Schafale and Weakley, 1990) wouldfide the Hart site as an Upland
Depression Swamp Forest.

Fishing Creek Watershed — Bottomland Hardwood Fores (BLH)

Fairport — The Fairport site is a 1.72 acre Bottomland Haahv wetland in east-central
Granville County about three miles southeast ofd@kfNorth Carolina. Fairport Road is located
30-200 feet west of the site with a narrow strigarested upland between it and the site. There
is a narrow strip of upland along the south whicént grades back into Bottomland Hardwood
and mature forest is located along the north ddlature forest extends to the east of Coon
Creek. Coon Creek runs along the eastern edgesdifufier with a natural levee between it and
the water. The wetland slopes down hill in an eastwdirection with the deepest sections
located closest to the river. Fairport receiveslawel flooding but rarely over riverbank flooding
due to the deep incision of Coon Creek. Therenisaly closed canopy here consisting of green
ash Fraxinus pennsylvaniga sycamore Rlatanus occidental)ls American elm (Imus



americang, and sweet gum. Herb cover is sparse due to tdreding water present through
much of the year. The “Third Approximation” (Schiafand Weakley, 1990) would define the
Fairport site as Piedmont / Mountain Bottomlandeistr

Gray —The Gray site is a 0.14 acre Bottomland Hardwoag$tovetland in southeast Granville
County about 10 miles south of the town of Oxfondl @bout one mile north of the Munn site,
which itself is situated on Sandy Creek. The wetlenbuffered on all sides by at least 125 feet
of forest and stream. A%order stream, Sandy Creek, and®@ider unnamed tributary to Sand
Creek lie to the east and north, respectivey. thtash, Phyllo White Rd (SR1623) is 140 feet to
the northeast. The wetland lies at the base of @ea slope, much resembling a hillside seep,
but there is not enough lateral seepage from thgesto classify it as such. The dense canopy
consists of red maple, white oalQuercus alb® tulip-tree (iriodendron tulipiferg, with
American elmand American hornbean{Carpinus caroliniand co-dominating the understory.
The herbaceous layer is diverse and covers mdkeofetland area. Non-native invasive species
such as Japanese honeysucklen{cera japonicy Japanese stilt-grass, and Chinese privet are
present but not yet a significant threat to thelamet “Third Approximation” (Schafale and
Weakley, 1990) would define the Gray site as Piadmdlountain Bottomland Forest. This site
appeared to be fairly dry, only a small portiontloé site was observed to have standing water
during the survey.

Hancock —The Hancock site is a 2.09 acre Bottomland Hardwear@st wetland in east-central
Granville County about one mile east of Oxford, tho€arolina. A busy two-lane paved road,
Williamsboro Street (SR158), abuts about 100 fémtquits southern edge. The eastern edge is
bordered by a wide sewer-line right-of-way whichpedes natural flow to and from Coon Creek
which is located just to the east of the sewer:li@® the southeast side about twenty percent of
the wetland has been filled. Most likely this igl dlll that was installed for residential yard
reasons. To the west of the site, there is a nreBaddhome and to the north is a shrubby section
dominated with Chinese privet. Natural habitat agded with the Coon Creek riparian corridor
continues to the north. The existence of the seigét-of-way seems to have raised the water
table in this area. The canopy is extensive andistsof green ash, sweet gum, American elm,
and red maple. The herb layer is dense but scdttrd is mostly common woodree@ifina
arundinacea and sedges of the gen@arex spp. Due to the wetland’s proximity to the
sewerline right-of-way and the disturbance it reeeithrough frequent maintenance efforts,
invasive, non-native species are creeping intowb#and from the sewerline’s edge. Present
non-native invasives are Chinese privet, creephagiie Lysimachia nummularja ground-ivy
(Glechoma hederacga Japanese stilt-grass, Japanese honeysuckle, aomvater-purslane
(Ludwigia palustri3, and multiflora roseRosa multiflord. The fill and proximity to the sewer-
line and road have probably contributed to theoshiction of non-native invasives at the
Hancock site. The “Third Approximation” (SchafaledaWeakley, 1990) would define the
Hancock site as Piedmont / Mountain Bottomland §ore

Kim-Brooks — The Kim-Brooks site is a 1.27 acre Bottomlandd#aod Forest wetland in
central Granville County about two miles south off@d, North Carolina. It is buffered by a
strip of 100 to 150 feet of upland on all but tleetheast side where forested upland continues to
the north-northeast for another 1000 feet. HatclRrs, (a &' order stream) is located to the
north-northwest of the site. 1-85, is located jastside the forested buffer to the east and south
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and NC 15, which is a busy a two-lane road, istletgust outside the forested buffer to the
west. At present, there are few non-native invasive gsedut there are small patches of
Japanese stilt-grass that were noted during a agget survey in late-summer 2008.
Additionally, poison ivy Toxicodendron radicansa native species that in large quantity can
indicate disturbance, is highly dominant at thie.gPoison ivy was well-represented throughout
the vegetation plot by close to 100 individual péareaching well into the canopy with branches
extending out to 20’ from the trunks of their htgtes. The tree canopy is well-developed and
consists of green ash, sweet gum, and AmericanTéimunderstory is also well-developed with
American hornbeam and winged elm co-dominating. &dwydrological alterations may have
occurred due to the incised stream. Additionallpoffi from the highways in the form of
polluted water is probably significant. The “Thilpproximation” (Schafale and Weakley,
1990) would define the Kim-Brooks site as Piednidvibuntain Bottomland Forest.

Munn — The Munn site is a 1.76 acre Bottomland HardwoorkgtoWetland with a section of
Floodplain Pool in southeast Granville County albwoe miles south of the town of Oxford and
one mile south of another site, (the Gray site)ictvlis also on Sandy Creek. The Munn site is
buffered by 100 to 150 feet of wooded slope todast. There is greater than 600 feet of forest
on all other sides. Sandy Creek is located apprataiy 200 feet to the west of the Munn site. It
has a nearly closed canopy of red maple, Ameritan tellip-tree, and sweet gum. Non-native
invasive plant species are the exotics Japands@rsiss, Japanese honeysuckle, and Chinese
privet. The wetland is far enough away from therbgaesidential area and any roads that there
have probably been few man-made disturbances, thalong the outer edges of the wetland
windthrow has downed a few trees and created acéawpy gaps. The Munn site for the most
part appears to be a quality representative bo@tothlhardwood site. There are no evident
hydrological modifications. The hydrology of thesaris influenced mainly by overbank flooding
from nearby Sandy Creek (a third order stream). THard Approximation” (Schafale and
Weakley, 1990) would define the Munn site as PieatvidMountain Bottomland Forest with a
section of Floodplain Pool with a section of flotalp pool.

Powers— The Powers site is a 2.80 acre Bottomland Haodweorest wetland in east-central
Granville County about one mile northeast of thertaf Oxford, North Carolina. It is buffered
by greater then 200 feet of mature forest to thehnand east. Located to the west and south is a
sewer-line adjacent to Coon Creek. The Powersssitess than one mile from the Hancock site
which is also along Coon Creek. The Powers siteehdense canopy of American elm, red
maple, green ash, and sweet gum. The ground Isayminated by non-native invasive species
such as Japanese stilt-grass, Japanese honeygyrokied-ivy, is the shrub Chinese privet. The
stilt-grass is extensive and a major, and noxicospponent of this site. The existence of the
sewer-line and incised stream hinders natural amadrflow to and from Coon Creek. There is
also a ditch on the south side of the site that heaye negatively altered the hydrology. The
“Third Approximation” (Schafale and Weakley, 199@uld define the Powers site as Piedmont
/ Mountain Bottomland Forest.



Lockwood Folly River — Small Basin wetlands (SmBW)

Bluegreen Golf — The Bluegreen Golf site is a 1.82 acre non-isol&@athll Basin wetland in
southern Brunswick County about four miles southtiseast of Supply, North Carolina. The
wetland itself is open and dominated with switclsgr@anicum virgatuand anothePanicum
spp(possiblyPanicum hemitomgnThe wetland is completely void of a natural kuffThere is

a golf course associated with a residential areth@¢onortheast and west of the site and Goley
Hewett Rd, a two-lane residential street, is lodat@ectly to the south. Chemical runoff from
the adjacent golf course and road is probably Bagmt. There are narrow shallow ditches
draining the eastern portion of the wetland. Theereen Golf site has remained dry since the
drought of 2007. The only canopy trees are apprateiy 25-year-old loblolly pine at the outer
boundary of the wetland, and a row of shrub-sizednsp black gumNyssa biflora which
bisects the wetland. The shrubs along the intedige of the wetland are thick and consist of ti-ti
(Cyrilla racemiflora and myrtle holly ex myrtifolia). Other pocosin species such as fetterbush
(Lyonia lucidg and highbush blueberryéccinium fuscatujrare dominant around the edges of
the wetland. The “Third Approximation” (Schafale daWeakley, 1990) would define the
Bluegreen Golf site as a Vernal Pool surrounde8&tmall Depression Pocosin.

Martin-Amment — The Martin-Amment site is a 3.18 acre Small Basioldatedwetland in
southern Brunswick County about eight miles soughe&Supply, North Carolina. It is buffered
on all sides, except for 300 feet along the sowthedge, by an even-aged loblolly pine forest
ranging from 50 to 150 feet deep. The southeadebid an area that was selectively logged
fairly recently leaving scattered, mature, loblgtiynes. There is also a residential home at the
edge of the southeast side of the wetland. TheiMaArhment site is a Carolina Bay with a
mature and moderately dense canopy of red maple]-pgpress Taxodiumascenden)s and
swamp black gum. In NC DWQ’s quantitative plantvayr done in July 2008, six individual
swamp black gum were larger than 35cm in diametel @he pond-cypress was 56.5cm in
diamater, indicating the advanced age of theseaypay species. The Martin-Amment site has
also remained dry since the drought of 2007. Thairl Approximation” (Schafale and
Weakley, 1990) would define the Martin Amment gitgpress Savannah surrounded by High
Pocosin.

Mill Creek — The Mill Creek site is a 1.02 acre Small Basim-isolated wetland in southern
Brunswick County about nine miles southeast of 8ypyorth Carolina. It is buffered by a new
residential neighborhood that is in the processbeig constructed. Within 15 feet of its
southwest edge is a busy two-lane paved road, Stiasbor Road SE. There is approximately
70 feet of wooded vegetation between Sunset Hd&Rbad and the western side of the wetland.
Forested vegetation continues to the north and @atte site while the area to the south and
southeast is slated for development. The Mill Crei#& has a ditch draining water from the
wetland on the northeast side and a culvert drgimater from the wetland on the southeast
side. The Mill Creek site has remained dry sineedtought of 2007. The canopy consists solely
of pond-cypress and swamp black gum, with myrtliyltbe only component of the sparse sub-
canopy. The herb cover is fairly sparse as theanmdtlis normally inundated for much of the
year. This year’s quantitative vegetation survesidgd no non-native invasive plant species and
few weedy natives. Other then the ditch, the Mite€k site is fairly well preserved. This is
likely attributed to the newness of the neighbodhdbough roads and infrastructure are in place
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the lots are largely undeveloped. The “Third Appnaation” (Schafale and Weakley, 1990)
would define the Mill Creek site as Cypress Savansarrounded by High Pocosin.

Seawatch Bay- The Seawatch Bay site is a 3.01 acre sectiam @é$olated Small Basin wetland
in southern Brunswick County about 11 miles sowthe&d Supply, NC. It is a Carolina bay
rimmed with large pond-cypress and swamp black guexium-sized red maples, and shrubs
such as myrtle holly, shining fetterbushyénia lucidg, and southern maleberryyonia
ligustrina var. foliosiflora). In the vegetation survey that the DWQ completedune of 2008,
the herb layer comprised less than 1% of the coMeis is another undisturbed wetland in an
rapidly developing part of Brunswick County thaitself one of North Carolina’s most rapidly
developing counties. The extensive buffers consissome natural wooded areas and mature
planted pine. However, planned road constructigacaat to the bay and the development of a
community park associated with the Seawatch dewstop plan will impact some of the
existing buffers. There is a set of dirt roads tbiatle the bay and range from immediately
adjacent to greater than 1000 feet away. At presbatSeawatch Bay site is an example of a
quality Coastal Plain Small Basin Reference sitat@levels have dropped drastically since the
2007 drought, at least 7-8 feet as indicated bemstins on pond cypress trees. Dried out areas
once flooded with water are now colonized with degnel Eupatorium caprifolliunh.  “Third
Approximation” (Schafale and Weakley, 1990) woukfide the Seawatch Bay site as Cypress
Savannah surrounded by High Pocosin. The NC NatHexitage program considers the
Seawatch Bay site to be a state natural heritagensih a mix of high quality and good quality
habitat that is rated as being one of the best&gpBavannahs within the region. The entire bay,
including the research site area, is in the prooédseing deeded by Seawatch Development
Community to the NC Deparment of Environment andulkd Resources (NC DENR) as a
conservation easement as of February 2010.

Seawatch Nautica— The Seawatch Nautica site is a 2.05 acre SnainBeffectively isolated
wetland in southern Brunswick County about nineemileast-southeast of Supply, North
Carolina. There is a ditch on the east side ofate#and that does not appear to have held water
in a long time by the size of the trees. Due togdtesence of the ditch, it is likely that the Army
Corps of Enginears (ACOE) would deem this site ismtated. The canopy is nearly closed and
consists of large pond-cypress and swamp black gilihns common shrub is ti-ti and the herb
layer cover is less than 1%. There is a non-funatig old ditch that connects to the west side of
Seawatch Nautica with mature trees in the ditchctvimdicate the lack of regular water flow. A
future residential neighborhood is slated to bdtlalong the edges of Seawatch Nautica. Road
building and house site selection has begun thaughkt of the roads are still dirt or sand.
Seawatch Nautica is currently buffered with extemshature forest and sandy dirt roads located
within 60 feet of the wetland site. There are ngiobs signs of alteration to hydrology, though
it seems likely this wetland will be utilized asn@eans of stormwater management for this
neighborhood. The Seawatch Nautica site has resdany even in the deepest sections since
the 2007 drought. The “Third Approximation” (Schkf and Weakley, 1990) would define the
Seawatch Nautica site as Cypress Savannah surmibyddigh Pocosin.

Sikka — The Sikka site is a 4.33 acre section of SmaliB non-isolated wetland in southern
Brunswick County about six miles southeast of Sypbrth Carolina. Zion Road is located 50
feet to the southeast of Sikka while a grassy dhilawn is located within five feet to the east



side of the site. The rest of the bay extends ¢éontbrtheast. The wetland is a large Carolina bay
with an open canopy of scattered pond-cypress, @emate shrub layer of myrtle holly, and a
dense herb layer of ferns, sedges, rushes, andegtabhere are few signs of altered hydrology,
such as ruts located through parts of the wetlaftdbly heavy equipment or large trucks most
likely from a selective logging operation. Additally, there appears to be a fire break line along
the edge of of the wetland. Except for one smalbg@0 foot section, Sikka has been dry since
June of 2007. A deep water section that was ongetated with aquatics like white lily pads
(Nymphaea odorajais now vegetated with a volunteer unidentifiechsy like species. The
“Third Approximation” (Schafale and Weakley, 1999puld define the Sikka site as Cypress
Savannah surrounded by High Pocosin.

Lockwood Folly River — Riverine Swamp Forest Wetlads (Riverine Swamp Forests)

Doe Creek— The Doe Creek site is a 2.67 acre section obe raxtensive tidal Riverine Swamp
Forest wetland in southern Brunswick County abbuéd miles southwest of Supply, North
Carolina. This site is split into two parcels bpi® Chimney Road SW, one on each side of the
road. The majority of the site is buffered by matupland forest or contiguous Riverine Swamp
Forest on all sides except the northeast side wikia@pproximately 100 feet from a residence
and the southeast side which is approximately 880ffom another residence. This disturbance
necessitated DWQ personnel doing one 2 x 2 array0ot 10 m module vegetative survey in
each parcel instead of the preferred contiguous42axray of 10 x 10 m module survey (see
Section 4.6). The canopy is approximately 50% &epaer and consists of swamp black gum
and bald-cypress. Sub-canopy species are Carobha f@axinus caroliniand, American
hornbeam, and small red maples. The herb layenlstantial and lizard’s tailS@ururus
cernuu3 dominates. Hydrological alterations stem fronerniptions to natural stream flow due
to the bridge over Doe Creek and the earthen r@aceway constructed to elevate Stone
Chimney Road SW above the floodplain. The “ThirdpAgximation” (Schafale and Weakley,
1990) would define the Doe Creek site as a Cypeesa Swamp — Blackwater subtype.

Hewett Wildlife — The Hewett Wildlife site is a 1.39 acre sectadmon-tidal Riverine Swamp
Forest wetland in southern Brunswick County about imiles south of Supply, North Carolina.
Hewett is a large wetland that has been made dégpie damming of Sandy Branch Creek by
beavers. The canopy is open and becoming moreagptres die from the high water levels and
prolonged hydroperiod. The sparse canopy is congposeed maple, pumpkin askréxinus
profundg, and swamp black gum. The herbaceous layer &k thhd made up of forbs and
emergents such as heartleaf pickerelwdtmh{ederia cordatavar. cordatg, green arrow-arum
(Peltandra virginicd, lizard’s tail Gaururus cernuys American bur-reed Sparganium
americanun, and swamp loosestrif®écodon verticillatug and graminoids such as giant cane
(Arundinaria giganteg bottlebrush sedgeCarex comosg and soft rushJuncus effususpp.
solutug. The southern border of this site is bufferecabyapproximately four-acre clear-cut that
has been replanted with longle&firfus palustriy seedlings, on its narrow eastern edge by a
short 15-foot wide pathway and beaver dam whiclassgps the study site from another section
of the river. The Riverine Swamp Forest continuetghe west of the site and to the north bank
which is buffered by mature forest. The presencéeafvers are the only evident hydrological
alteration. The lack of a vegetated buffer along fouthern edge, where the clear-cut lies,
coupled with it being on a slight slope, undoubgettintributes increased sediment loads to the
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wetland. On the other side of the clear-cut aréteicad homes with large yards, but it is unlikely
that chemical runoff reaches the wetland sinceetesal yards are not well maintained and the
roads and driveways leading to these homes arepawed. The “Third Approximation”
(Schafale and Weakley, 1990) would define the Hewitdlife site as a Cypress Gum Swamp —
Blackwater subtype. The NC Natural Heritage progmmsiders the Hewitt Wildlife site be a
state natural heritage site with high quality habihat is rated as being one of the best Cypress
Gum Swamps within the state. Hewitt Wildlife wassmlered to be part of the Lockwood Folly
tidal wetland natural heritage site, however we dad observe tidal conditions on this site.
Hewitt Wildlife is a Coastal Carolina Land Trushtheasement.

Lockwood — The Lockwood site is a 5.80 acre section of @eresive Riverine Swamp Forest
wetland in southern Brunswick County about one msib@itheast of Supply, North Carolina.
Lockwood is nestled in a meander of the tidallyuahced Lockwood Folly River. This river
buffers approximately 950 feet of the site along tlorthern edge. The west — southwest side of
the site is buffered by the road causeway builtN@ 211 which is located approximately 100
feet from the edge of the wetland. The causewayhearsed the hydrology on this side of the site
by inhibiting normal sheet flow resulting in pondiand an open canopy on the NC 211 side of
the site. The mature Riverine Swamp Forest wettamdinues along the eastern site boundary.
The southern buffer is upland, wooded with loblglipes, that extends for more than 2000 feet
to the south. The canopy is moderately dense grdlyabecoming more open as these canopy
trees die off probably as a result of tidal salewantrusion. This was most evident with the
dying ash treedaxinusspp). As a testament to tree mortality due taision, DWQ personnel
recorded 52 snags greater than 10 cm in diameténein June 2008 quantitative vegetation
survey. The tallest remaining live trees are reg@lmaash, bald-cypress, and swamp black gum.
The upland edge of the vegetation plots was thidtkh whe shrub of common wax-myrtle
(Morella ceriferg and swamp bayPersea palustris The herb layer was dense in places,
usually at the upland edges of our plots, and caegof royal fern @smunda regalivar.
spectabili, millet sedge Rhynchospora miliacga and lizard’s tail. Poison ivy is also a
significant contributor to the aerial cover of ttsge with many vines reaching up into the
canopy. The “Third Approximation” (Schafale and \Wleg, 1990) would define the Lockwood
site as a Cypress Gum Swamp — Blackwater subtype. NC Natural Heritage program
considers the Lockwood site be a state naturatdgerisite with high quality habitat that is rated
as being one of the best Cypress Gum Swamps wiibistate. The Lockwood site is part of the
larger Lockwood Folly tidal wetlands natural hegissite.

Mercer Seawatch— The Mercer Seawatch site a 4.43 acre sectioanoéxtensive Riverine
Swamp Forest wetland along Mercer Mill Creek inteetn Brunswick County about 10 miles
southeast of Supply, North Carolina. There is stida influence at the Mercer Seawatch site as
stream levels were observed increasing and denggdsdwever, the tidal influence is not nearly
as significant as at the Doe Creek and LockwootlyRiler sites. The right-of-way for a future
bridge project to connect two neighborhoods in$eawatch development bisects the Seawatch
Mercer site. This site has experienced natural vdachage as indicated by downed trees, an
open canopy, and shrubby understory. The bridg@-of-way section of the site has the least
impacted canopy, a more open understory, and asdivieerb layer. The number of species
identified by NC DWQ personnel during their Jun®Wegetation survey was the highest of
any of the study sites. At least 10 species ofjsad the genu€arexwere found in the plot and
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made up a substantial portion of the ground coastmg with ferns andluncusspp. With
gualitative surveys performed by NC DWQ personatleast nine genera of sedge were found
within the wetland area, though not all were witbur survey plot. Canopy-sized trees that are
most prevalent in the bridge right-of-way consistavge bald cypress and swamp black gum,
and smaller, near canopy-sized red maple. Thisisiteordered to the south by the tidally
influenced Mercer’s Mill Creek (at this point 2Cetenvide) with extensive woods on the opposite
side of the creek. Impending development has thenpial to greatly reduce the natural buffer
and alter the hydrology of this quality riveringesiAlong the north central section of the site,
there is a natural spring that emerges from theeslaipland. Water quality buffer samples (see
Section 4.1) were taken from this spring. The “@hipproximation” (Schafale and Weakley,
1990) would define the Mercer Seawatch site as@&3$ Gum Swamp — Blackwater subtype.
The NC Natural Heritage program considers the MeBaawatch site be a state natural heritage
site with high quality habitat that is rated asnigeone of the best Cypress Gum Swamps within
the state. The Mercer Seawatch site is part ofafger Boiling Springs Lakes Wetland Complex
natural heritage site. Boiling Springs is knownwdfich Mercer Seawatch is not, therefore this
ranking may not be accurate or up to date as tmesebeen conserable wind damage in portions
of the Mercer Seawatch site. The floodplain aredefcer Seawatch located on the Seawatch
property, including the research site area, ishe process of being deeded by Seawatch
Development Community to the NC Deparment of Enwinent and Natural Resources (NC
DENR) as a conservation easement as of Februag. 201

Rourk — The Rourk site is a 1.18 acre section of a mal-tRiverine Swamp wetland in
southern Brunswick County about eight miles soutltiseast of Supply, North Carolina. To the
southeast, there is a tidal freshwater marsh tktahds 230 feet to a salt marsh associated with
Mercer Mill Creek. In all other directions, there a wooded buffer at least 540 feet in width.
Throughout the 2006-2008 survey, flooding was nateskections of the site, but not throughout,
indicating that this site really was a border-lireiyerine Swamp Forest with hydrology more
comparable to a Bottomland Hardwood Forest. Thededaobuffer is densely vegetated with
young trees and was probably logged in the lasy&dys. The nearly closed canopy of the
wetland is comprised of red maple, sweet gum, gessérn and American elm. The shrub layer is
thick, with wax myrtle Korella cerifergd and American hollyllex opaca the most common.
Ground cover is sparse, about 5% across the vegegbt. There were no evident changes to
hydrology at this site, or disturbance, but lesntlone-quarter mile away is a two-lane paved
road, Rourk’s Landing Road SW (CR1200), where nadewelopment efforts may happen over
time. The “Third Approximation” (Schafale and Weakl 1990) would define the Rourk site as
a Coastal Plain Small Stream Swamp — Blackwatetypeb

Winding River Pond — The Winding River Pond site is a 0.91 acre sactif Riverine Swamp
Forest wetland in southern Brunswick County abowe fmiles southeast of Supply, North
Carolina. This site is separated from the WindingeRTownhouse site (see below) by a north-
south running two-lane paved road, Zion Hill Rodfl (€R1114). The Winding River Pond site
is on the east side of Zion Hill Road and the WiigdRiver Townhouse site is on the west side
of Zion Hill Road. Both Riverine Swamp Forest sitag associated with Sandy Branch. The
northeast buffer is a 40 to 100 feet wide sectibwaoded upland and lies between the wetland
site and a residential neighborhood while alongsitnetheast border there is a range of 20 to 30
feet of wooded buffer between the wetland and eggidl homes. Additionally, these residences
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are nestled among the greens and fairways of @ardlational Golf Club. The Riverine Swamp
Forest continues upstream to the northeast ané0®feet. The dense canopy of the Winding
River Pond site consists of red maple, ash, swalagklgum, and sweet gum. The sub-canopy
layer is well-developed with tag aldeklfius serrulaty, ti-ti, and wax myrtle. The herb layer is
sparse, owing to the prolonged hydroperiod and higter levels caused by beaver activity. A
narrow buffer, in combination with runoff from tigelf course and treated lawns has potentially
influenced the water quality. Through their dammaugivities, beavers have recently increased
the hydroperiod and water levels during the 20@8dfiseason. The “Third Approximation”
(Schafale and Weakley, 1990) would define the WigdRiver Pond site as a Cypress Gum
Swamp — Blackwater subtype.

Winding River Townhouse — The Winding River Townhouse site is a 0.59 a®etion of
Riverine Swamp Forest / Bottomland Hardwood Fovestiand in southern Brunswick County
about five miles southeast of Supply, North Camnlifihere is a forested buffer that ranges from
10 to 100 feet wide on the north — northwest sitithe site. On the southeast side of the site,
Sandy Branch flows through a straightened and edkcisection of the channelized basin.
Townhouses are located directly on the other sidbe Sandy Branch. Along the west side of
the Winding River Townhouse site, there is contiggiBiverine Swamp that ultimately connects
with the Hewitt Wildlife site. The straightenedessm and crossing of Zion Road has reduced the
hydrology in this section of the swamp. During syrwork, flooding was observed in sections
of the site, but not throughout, indicating thikesvas a borderline Riverine Swamp Forest with
hydrology more comparable to a Bottomland HardwoBdrest. Additionally, canopy
disturbance has resulted in a high density of semgmrowth on the east side of the site. The
canopy is nearly closed with red maple, green astl,swamp black gum dominant. The sub-
canopy layer was dense with large specimens oflder, wax myrtle, sweet baWéagnolia
virginiana), swamp bayRersea palustris and American hornbeam. The ground layer surveyed
in NC DWQ'’s quantitative plant surveys ranged freparse to dense in our plot, with millet
sedge being the most prevalent. Potential watditgumpacts here are much the same as at the
Winding River Pond site. The “Third ApproximatiorfSchafale and Weakley, 1990) would
define the Winding River Townhouse site as a — €ypiGum Swamp — Blackwater subtype.

Section 4 — Field Methodology
Section 4.1 Water Quality Monitoring

Water quality parameters were sampled on a quarasis six times during the study period,;
February 2007, April 2007, July 2007, October 2Qmahuary 2008, and April 2008. Sampling
during these times allowed DWQ to obtain informatam water quality during the dry season,
wet season, and transition periods. Due to losstefaccess, the last quarter of sampling was not
completed at the Hart site. Additionally, eightesi two Riverine Swamp (Lockwood and
Seawatch Mercer), two bottomland hardwood ([Munad &tancock], and four Small Basin
wetland sites [two Piedmont- Dargan and Dean ami @@astal Plain- Sikka and Seawatch
Bay]) were chosen for long term monitoring. Theddarm sites were monitored in October
2008, Febuary 2009, May-June 2009 and will contiouge monitored bi-annually. A total of up
to 19 water quality parameters was monitored dueagh sample period. Physical parameters



(pH, DO, specific conductivity, and temperatureyaveaken in the field with an Accumet AP61
pH meter and YSI model 85 meter and recorded on @Wetland Field Verification Water
Quality Monitoring” field sheets (see Appendix @)I water samples were collected, preserved,
and transported in accordance with Division of Wa&eiality Laboratory Standard Operating
Procedures (NCDWQ 2003) and DWQ Laboratory Samplengssion guidelines (NCDWQ
2005). Water samples were always analyzed for enisi (P, N@+NOs; as N, total Kjeldahl
nitrogen [TKN], NH:-N), heavy metals (Mg, Ca, Cu, Pb, and Zn), disstlerganic carbon
(DOC), total organic carbon (TOC), total suspenselitls (TSS), and fecal coliform. Chlorine
was tested in the field using chlorine strips dgrthe first sample period. All results were
negative and no additional samples were analyz#tedab for chlorine.

The wetland type (Riverine Swamp Forest, Bottomldtatdwood Forest, or Small Basin
Wetland) determined the number and location of wlager quality sample stations. Riverine
Swamp Forest wetland sites typically had three m@ality sample stations; one located close
to the river but within the wetland (up river stat), one located down stream in the buffer but
close to the wetland (down river station) and ooeated further inland in the buffer (buffer
station, see Figure 4.1-1). The Rourk site wasetteeption with only two sample stations, one
up river and one down river. Bottomland Hardwoodéests typically had two sample stations
with one located up stream and one located dowsasir(upstream Bottomland Hardwood
Forests and downstream Bottomland Hardwood Fosgsti®ns), Gray and Kim-Brooks just had
one station (see Figure 4.1). Small Basin wetlagdgally had just one station located in the
middle of the wetland (wetland station). Basinsiteat drained to an outlet had a second sample
station as was the case with Eastwood and Goldstothet station, see Figure 4.1). Sample
station locations were recorded with GPS and mankeatie field with flagging. Additionally,
station locations were photographed with a digitahera each time the station was sampled in
order to make a visual record of the station’s bialyy. The best sampling methodology was
chosen according to the hydrological conditionstloa sampling day; direct-grab or bail. Bail
bottles were tripled rinsed with station water ptio use. Field data sheets were completed for
each station as well as DWQ lab sheets and labelsaimple bottles (see DWQ Wetland Field
Verification Water Quality Monitoring field sheeAppendix C). A unique station number that
reflected the site name, sample location (UpRilmwnRiver, Bottomland Hardwood Forests
Upstream, Bottomland Hardwood Forests Downstreareflafdd, Outlet), and sample time
(month and year) was assigned for each sample.evietd data sheets included information on
physical parameters, sample location, station numi®-hour precipitation history from the
nearest weather station, wetland site name, daraplsr’s initials, air temperature, sample
method, chlorine strip results, picture number, ganmethod, comments on hydrology, water
quality, and details on the microhabitat of statiocation, sample time, preservation time, and
which lab tests were to be performed. All samplese analyzed at the Division of Water
Quality Laboratory Section in Raleigh, North Camnali Lab sheets (see DWQ Wetland Field
Verification Water Quality Monitoring field shegkppendix C) and bottle labels are used by the
DWQ Lab to identify the proper lab test to perfasmeach water sample.

Meters were calibrated at the beginning and enéawh day and during the day if deemed
necessary. Probes were rinsed with deionized wagéore and after each use. To avoid
contamination of samples, gloves were worn for dengpfiltering, and preservation. For DOC
samples, 200 ml of water collected in the field wastion-filtered through 0.45-micron filters
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within half an hour of collection. DOC filteringgaipment was triple-rinsed with deionized

water before and after each sample was filtered fatais were changed between samples.
Filtering blanks were prepared at the beginning and of each sample day to test for DOC
contamination. Additionally, one set of unlabelegplicates was sent to the lab during each
sample period to check for accuracy. DWQ Standaper&ing Procedure and Laboratory
Sample Submission Guidelines were followed to emdiat sample preservation, storage,
labeling, and hold times are met. The DWQ Lab rmeaponsible for selection and preparation of
sample containers, sample volumes needed for daahical analysis, and decontamination of
any lab equipment. Details of these processesxqaired in “The Quality Assurance Manual

for the North  Carolina DWQ  Laboratory section” _ (NG  2003h.




Figure 4.1-1 Wetland Water Quality Stations

Small Basin Wetland Bottomland Hardwood Forest
LAl S S, - ”__,_._./ L \.\
. ey i @ BLH Upstream
P |
4 Outlef™ "5
Wetland - .‘_ !
' s ] BLH Downstream
ot : é
= -7 T 3 I 1y e e EETE T i

Riverine Swamp Forest -
Upland o -
w
o " mm a mm - ; -rT T [ )
v 4 & N ), =
Buffer
@ _ Up River _.=+=.. . @DownRiver




Section 4.2 Hydrology Monitoring

Monitoring wells were installed in June of 2007 pically two monitoring wells were installed
at each wetland site. However, only one automatetl was installed at the Small Basin
wetland sites. Wells with transducers were insthli¢ an upstream location and downstream
location within the Riverine Swamp Forest and Boteind Hardwood Forest wetlands (see
figure 4.2-1). The Kim-Brooks, Rourk, and Windingv& Townhouse sites had just one
automated well installed while the Gray site hast jane non-automated well installed. The
Small Basin sites had one automated well instahethe center of the wetland and one non-
automated well installed half way between the aesutel edge of the wetland (see Figure 4.2-1).
Methods outlined in the Army Corps of Engineersutoent entitled, “Wetlands Regulatory
Assistance Program (WRAP) for Installing Monitoring/ells/piezometer in Wetlands”
(http://el.erdc.usace.army.mil/elpubs/pdf/ tnwra@Pdf) was used to install monitoring wells.
The wells had 0.01 inch slats along the lower 1éhés for water flow and vented caps to
prevent a vacuum from forming and allow the waterflow freely. Wells were typically
installed approximately 1.8 tof2et below the ground surface. Sand was useceimaottom of
the installation hole and around the circumfereofcthe well up to four to six inches from the
ground surface where bentonite was used for a &mhtonite was piled around the well four to
six inches above the ground surface and coverddwet soil. Wells were installed for at least
24 hours before the first water level readings waken. The well location was recorded with
GPS and later imported into a GIS project/database.

Before installation in the field, transducers wetecked for accuracy in a controlled indoor
environment. In-situ vented Level-Troll 500 tranedrs were installed in June 2007 at 12 of the
well locations (six in the Piedmont and six in t@eastal Plain) to record information on
duration, frequency, and seasonal timing of wetlawhdation. Transducers were hung with the
sensors located a couple inches from the bottotheotvell. The transducer sensor depths at the
sites ranged from 1.7 ft to 2.1 ft. Data wereeaxikd from June 2007 to October 2008 at all the
sites except for Hart which was terminated in ed@097 due to loss of site access. Eight sites,
the same as for water quality monitoring (see $aci.l), were chosen for long-term
monitoring, two riverine (Lockwood and Seawatch b}, two bottomland hardwood (Munn
and Hancock), and four Small Basin wetland site® (Piedmont- Dargan and Dean and two
Coastal Plain- Sikka and Seawatch Bay) were chésefong term monitoring. In the field,
transducers were set to record every 30 minuteabdrRiverine Swamp Forest Wetlands and
every hour in the Bottomland Hardwood Forest andalbiBasin wetlands. Hand measured
water level readings were compared to automatedrwavels in order to check for accuracy
every time well water level data was downloadeddgast every three months). Automated well
water level data that was more than 0.08 feet rdiffethan water levels measured by hand in the
field was discounted. Hand measurements were takdeast two times to ensure accuracy.
Monitoring wells that did not contain transducersre&gmeasured by hand during each field visit.
Appendix C contains an example of the well levebrding field sheets for hand measurements
and In-situ transducer automated measurements. fb@ta the automated transducers were
downloaded using an interface cable from the tracedto a laptop computer. The data were
downloaded and immediately backed up by convertitgg existing data format to an Excel
format. The last depth recording from the transdweas used to verify accuracy compared to
the hand measurements.



Figure 4.2-1 Wetland Monitoring Well Locations
Small Basin Wetland Bottomland Hardwood Forest
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Section 4.3 Soils Monitoring

A total of six to ten soil cores were extracteceath wetland site. In the wetland, four to six
cores were taken and in the upland two to fourscarere taken. Sample locations were based on
the plant survey plot layout (see Figure 4.3-1)ypic¢ally two cores were taken inside the
vegetation plot, four cores were taken approxinyakellf way between the plot and wetland
delineation line, and lastly, two to four cores géaken in the upland areas surrounding the plot.
Figure 4.3 shows the soil sample design for basthreverine wetlands.

Each soil core was extracted with a 2.5” diameterkbt auger. Soil horizons were identified
within each core based on changes in color anditex@The horizon width, order (“A” = top
layer, “B"= middle layer, and “C” = to bottom layematrix and mottle color, percent mottle
abundance, and texture were recorded for eachdmrdunsell Soil Book color charts (Munsell
Soil Color Charts) were used to determine Hue, ¥atind Chroma. Texture was determined for
each layer using the flow diagram adapted from T{#&979). Each sample was coded with the
site abbreviation, sample number and layer (e.4M32B = Kim-Brooks Sample 2 B). An
example of the “DWQ Wetland Field Verification Mémiing Study Field Sheet” can be found
in Appendix C. Approximately one cup of sample freach layer was collected for analysis in
zip lock bags labeled with the corresponding samplereviation. Samples were later placed in
labeled boxes for analysis by the North Carolinaohgmic Division after air drying. Soill
Testing Section lab  sheets  were completed for eackample (see
http://www.ncagr.com/agronomi/pdffiles/issoil.pdf

Soil samples were tested by the Soils Testing &ecii the North Carolina Agronomic Division
in Raleigh, North Carolina using methodologies désd at
http://www.ncagr.com/agronomistmethod.com. Saigkes were tested for the following:

» Levels of major plant nutrients, including phospimotassium, calcium and magnesium

» Levels of plant micronutrients, including coppeamganese, sulfur and zinc

* Levels of sodium

. pH

» Exchangeable Acidity (Ac - ability of soil to abscaluminum and hydrogen ions)

* Sum Cation (sum of the charged patrticles in the s®ated to salinity)

» Percent base saturation (soils with low base didarare considered to be leached and
are often acid, whereas neutral and alkaline seild to have high base saturation)

» Percent humic matter (percent of soil organic mptte

» Cation exchange capacity (CEC, storage capacitglémt nutrients)

» Weight-to-volume ratio (used to classify soil typermally inversely related to CEC)

Results from the field survey were entered intdeaoel database. Electronic results from the lab
were received and formatted and copied into an [Eatabase.



Figure 4.3-1 Soil Sampling Design

Small Basin Wetland Soil Sampling Design

S7
LI oy,
. - - -, s W W -~ . i " *
R s3 s\
P 40m |
/ 3 | [ 4T 3] [ 4 ‘
[ 8 7 6 S2 5 .
Centerlings == == == == = o -;—--—-—%u-azr--—--%-- ——————— 20m ‘
o 1 2 st 3 4 !
¥ 4| [ 3] 4] [ 3 /
| -
L ,
\ _3_4 S5 : /‘
'~ =
o = e -_— e pp— - = =
Wetland Line _—~ )
S8
Riverine Wetland Soil Sampling Design S7
ﬁ w N MmN W ey
" pn W R o 2 o, G s i e - " oy L.
. -, ., -
R e — s - — ﬁ ﬁ
40m
Wetland Line
3| [14[3] [4
8 7 6 S2 5
Centerline-—————--3--—--1—--2—--—--1—--— ————— 20m
1 2 |1 2
1 2 $s1 3 4
4] [3[]4] |3
S4 S5
R iyt § -
- RS o~ L - a wem § s W - R . T oy - =

River




Section 4.4.1 Amphibian Field Monitoring

A qualitative survey for amphibians was performecte at each wetland site during March and
June 2007. Typically, three man-hours of surveykweere completed at each site in March and
June. In addition, a 10 minute auditory night syrweas completed at each site in June. Sites
were systematically searched for amphibians withuke of dip nets and potato rakes. Sweep
nets were used to search for amphibians (frogpotad, egg masses, and larval salamanders) in
areas with standing water. Potato rakes were usddrh over logs and woody debris in the
wetland and surrounding upland buffer area. Leafideadjacent to wetlands was lightly scraped
to search for salamanders. Moss hammocks overhgmgiter or within a few feet of water were
searched by for cavities and than peeled back ke thides and replaced to search for female
salamanders guarding eggs. Crayfish holes were sdarched for salamanders. All auditory
frog calls were noted and recorded. The macroiebeate survey was performed on the same
day in March as the amphibian survey (see Sectibn All amphibians that were collected at
the macroinvertebrate stations either in a funreg-or sweep net was also recorded on field
sheets.

“DWQ Wetland Field Verification Amphibian Wetland dviitoring Field Sheets” (see Appedix
C) were completed for both the March and June abmhisampling survey events. Information
on the field data sheets included site name, couwfigervers, date, start and stop time, water
guality parameters, current air temperature, wipéesd, percent cloud cover, air temperature
range and rain in last 48 hours, comments on tldeokygy of the site, and a table with records
for each separate observation. Each record inclspedies, life-stage, the number observed,
specimen number, photo number, and comments onoaibitat, behavior, malformations,
auditory or visual observation, identification imfmation and size (head to tail for salamanders
and head to anus for frogs and toads). The previt8thour precipitation and temperature
(minimum and maximum) were taken from the nearesather stations and recorded on field
sheets. Usually surveys were avoided when tempesatuere below 4°€ (40°F) the previous
night or below 15.8C (6C0°F) during the survey. Air temperature was takersio®m and recorded
during the survey. A specimen list sheet (see Adpe) was also kept with records of each
specimen collected. Specimens collected for ideatibn were assigned a specimen number.
Specimens were preserved in 10% formaldehyde salaind labeled with the specimen number,
site name, and date. The “Distribution of Amphilsiam North Carolina” (2003) Draft document
written by the NC State Museum of Natural Scienegss be used for Genus species
nomenclature. All specimens collected for this pcbwere donated to the NC State Museum of
Natural Sciences herpivarium collection.

Section 4.4.2 Amphibian IBI Development and Analysi

In this study, six biological attributes were teister usage as metrics in the development of an
amphibian Index of Biotic Integrity (IBI) for wethals in this study. The biological attributes
tested were an Amphibian Quality Assessment Ind&¥A(), percent tolerant species, percent
sensitive species, percent ephemeral — headwassepage wetland (EW-HW-SW) species,
species richness, and percent Urodela (Salamamrt Order). All six candidate metrics were
tested for the Small Basin wetlands and all but Evg-HW-SW metric were tested for the
Riverine Swamp and Bottomland Hardwood Forest. gcdption of how each potential metric
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was calculated is discussed later in this sectidetland disturbance measures as determined by
the Ohio Rapid Assessment Method (ORAM), Land Dewelent Index (LDI) for the watershed
and 100 m buffers were used as were water quaditgpeters as well as soil pH, copper, and
zinc. Amphibians are sensitive to low pH levels ik and Bachman, 1995) and species
richness can be affected by pH since only certp@ties can survive in lower pH levels (Alvin
Braswell 2009). Amphibians area also particulagysitive to heavy metals like mercury,
cadmium, zinc and copper (Lefcort et al, 1998, @adoet al. 1995). The six metrics (see
Section 2) tested for correlations with Pearsorosr€ation and Spearman’s rho non-parametric
correlation test. Correlations were run using arojgini data results from both regions and from
each region separately.

Field data observations were used to develop anhiap database with Excel 2000
spreadsheets. In order to develop an amphibiane@th site’s larvae and egg stage tally for
each species needed to be converted to an adyltTtable 4.4.2.-1 shows the calculations used
to convert each egg and larval species that weseraed during the survey to adult species. In
most cases, 20% of the larvae were counted as duleand every egg mass were counted as
two adults (see Table 4.4.2 - 1). Amphibian C ofCoefficient of Conservation) rankings for
each species were assigned from 1-10 with “1” bespgcies that were considered to be
generalist with the least specific habitat requeate such as the American toaBufo
americanuy and “10” being species that had the most spedifabitat requirements and
sensitivity to stress plus a state listing suchtlas four toed salamandeHémidactylium
scutatun). Table 4.4.2 -1 shows the C of C rankings for 8% species, genera, and orders
observed during this study. Species with a C of @ were considered tolerant while species
with a C of C_>6 were considered sensitive (see Table 4.4.25{gcies that require ephemeral
wetlands, headwater wetlands, or seepage wetlaedghle absence of predatory fish) are also
denoted in Table 4.4.2-1. Table 4.4.2-1, specificdle C of C ratings and adult conversion
calculations, was developed with the assistanc®\oh Braswell (Lab Director and Curator for
Herpetology at the N.C. State Museum of Naturab&soes) in 2005 and updated in 2008 and
2009. It should be noted the adult conversion ndlogy as well as the C of C scores are based
on the best professional judgment of an experieheggetologist (Alvin Braswell, 2009).

The number of adults for each site was determimebthen used to calculate the AQAI value,
species richness, percent tolerant species, pers@mitive species, percent EW-HW-SW
species, and percent Urodela species. The AQAlevedr each site was determined using the
following equation-

AQAI - ZS *Sicofc

S = Adult number of species i
Sicofc= C of C value for species i
N = Total number of adults
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Spearman’s rho correlation coefficient, a non-patam correlation test, was used to test each
candidate metric. Correlations were run with eaahdidate metric against each site’s Land
Disturbance Index (LDI), Ohio Rapid Assessment MdtilORAM), soil pH and water quality

disturbance measures (see Section 2 for an in-ddgsbription of the disturbance measures).
Pearson’s pairwise correlations were also perfororethe transformed candidate metrics verses
transformed disturbance measurements (Land Distaebmdex (LDI), Ohio Rapid Assessment

Method (ORAM), soil pH and water quality disturbanmeasures). The candidate metric
correlations were tested using data from both regimnd with the Coastal Plain and Piedmont
regions separately. A p-value of 0.15 was consilesgnificant. In addition, Pearson’s

correlation was also used to test transformed daeli metrics and disturbance measures.



Table 4.4.2 -1 Amphibian Ratings and Adult Conversion Table

% O - o © | *EW, HW
Species o 5 f - M| e A ik
p Common Name - 8 3 _ Eggs or Egg E 8ol280 See.p
3 > g3 Masses=1 |3 § 5| £ § 5 | Species
1= g 832 Adult ool & &o| Specific Comments
, " ; 20%=1 5% of eggs = Generalisl- open grassy pond margins, ditches, marshy
Acris crepitans Eastern Cricket Frog 2 2 Adult 1 female 1 IS
i . . 20%= 1 5% of eggs =
Acris g!’yHUS Coastal Plain Cricket Frog 2 2 Adult 1 female 1 Generalist-grassy margins of ponds, slreams or dilches
s ; ; 20%=1 5% of eggs =
AC”S Sp' Canet FroQ SpeCIeS 2 2 Adult 1 female 1 Generalisl-grassy margins of ponds, streams or dilches
B e Spolled salamanders tend lo use isolaled or deeper
Ambystoma maculatum Spotted Salamander 20%= 1 250 eggs =1 headwater site with semi permanent pools, will sometimes
8 8 Adult female 1 0.5 use other areas.
20%=1 5% of eggs =
Ambystoma opacum Marbled Salamander 8 8 Aduun : femi?e 1
. 20%=1 5% of eggs =
Anura Sp. Frog or Toad SpeCleS 1 1 Adult 1 female 1 generalist for non-identified frog calls
: ” 20%=1 5% of eggs =
BUfO BRGNS Eastern American Toad 1 1 Adult 1 female 1 generalist for non-identified frog calls
; 20%=1 5% of eggs = G it wi
t eneralist with eggs develop fast and can lolerate
Bufo fowleri Fowler's Toad 1 1 Adult 1 female 1 disturbances. [pmds :ales. Streams shallow water
. o = 0, =
Bufo quercicus Oak Toad 4 4 2%oult1 M; ?Lﬁgf
. 20%=1 5% of eggs =
Bufo sp. Toad Species 1 1 Adult 1 female 1 Generalist, eggs develop fast and can tolerale dislurbances
. 20%= N — Generalisl- eggs develop fasl, and can lolerate |
BUfO terreSfﬁS SOUthern Toad 0=1 5% of eggs = disturbances, temporary pools, shallowy water, sandy
1 1 Adult 1 female 1 areas, flooded meadows
. Site specific to seepage areas, do not tolerate poor water
Desmognanthus auriculatus |Southern Dusky Salamander 20%=1 | 5% of = AHalilyASIel HeDierErecis D, UnderIesTIERIEgs.
o o Of eggs = eqggs in moss cavities in summer, smal slreams, eggs in
6 6 Adult 1 female 1 1 cavilies of rotton logs, under rock surfaces
‘ . Each cluster Seepage area specific habitat, need mature forest
Hemidactylium scutatum Four Toed Salamander 20%=1 | ofeggs=1 developed moss cavities 1o lay eggs, found in bogs, NG
10 10 Adult female 1 1 species of Special Concern.
i , 20%=1 5% of eggs =
H Ia Ch." SOSCBJ’IS s Gra Tl’ Site specific to ephemeral ponds or deeper water
y Y Cope y ee FrOg 5 5 Adult 1 female 1 headwater wetlands, adulls rarely found -
. 20%= y =
Hyla cinera Green Tree Frog 3 3 %"u"1 5/: ?érig?: 1
3 . 20%= 3 =
Hyla femoralis Pine Woods Tree Frog 5 5 gé’ult1 5/;’ ?;:g?:
. ] u . Will' use ephemeral wellands deeper waler neadwater
Hy]a squjreﬁa Squ[rre| Treefrog 20%= 1 5% of eggs = wellands can also use ditches and other areas, found in
6 5] Adult 1 female 1 urban settings
of — o =
Necturus punctatus Dwarf Mudpuppy 6 6 Z%’Mt1 4 /: ?;;g?‘: 1




Table 4.4.2 -1 Amphibian Ratings and Adult Conversion Table

5]
. k] © - ﬁ o & EW,HW,
Species Common Name © 8 n EggsorEga| E 86 | 2 8 o Seep
= - 3 Masses=1 |5 $%| & §'%5 | Species
b 2 q 2 Adult | S So| & &0 | Specific Comments
y 20%=1 5% of eggs =
Notophthalmus viridescens |Eastern Newt 1 1 Ad"ult '; farneles 1
’ White-spotted Slimy 20%=1 | 5% of eggs =
n ceus
o e Salamandar 4 4 Adult 1 female
7 2 ; ; i 20%=1 | 5% ofeggs =
Pseudacris brimleyi Brimley's Chorus Frog 6 G pa ] femg?e 1
WilT use ephemeral wellands deeper waler headwaler |
3 i . wetlands can also use dilches and other areas, woodland
Pseudacris crucifer Northern Spring Peeper 20%=1 | 5% of eggs = areas, forest lilter, brush areas, swamps, ponds , and
3 3 Adult 1 female 1 ditches
20%= 1 5% of B Sﬂ?pecmc_lo_epmﬁr?ds or mer
Pseudacris feriarum Upland Chorus Frog 4 4 AdEt : fe:\?alges i 1 l:eeria;:«;lz;:j:;:d& use semi perminant pools, Pseudocris
: : . 20%=1 5% of eggs = Site specific to ephemeral ponds or deeper water
Pseudactis ocularis Little Grass FrOQ 6 6 Adult 1 female 1 1 headwater wetlands, Limnaedus ocularis synonym
. 20%=1 5% of eggs =
Pseudacris ornata Ornate Chorus Frog 6 6 Adnu” ‘; femg?e 1
: ) 20%=1 5% of eggs =
Pseudacris ap: Chorus FrOg SpeCIeS 4 6 Aduit 1 female 1 If not identified to species then 4
. 20%=1 5% of eggs =
Pseudacris nigrita Southern Chorus Frog 4 4 A;ult : femg?e 1
. : 20%=1 5% of eggs =
Rana catesbeiana American Bullfrog 1 ’ el ; femglge ’ N—
5 20%= 1 5% of eggs =
Rana clamitans Northern Green Frog 2 2 Aduult ; femg?e 1 Generalist
" ; 20%=1 5% of eggs =
Rana palusfr.'s PleereI FrOg 3 3 Adult 1 female 1 Generalist
R F . 20%=1 5% of eggs =
il =0, rag species 1 1 Adult 1 female 1 Consider generalist if not identified to species
20%=1 5% of eggs = Ephemeral pond or other areas, ponds, ditches and
Rana sphenocephala Southern Leopard Frog 3 3 Adult 1 female 1 swamps, lake and stream margins
: ; i 20%=1 5% of eggs =
Sterochilus marginatus Many-lined Salamander 7 7 Adult | il O—
: 20%=1 5% of eggs =
L n Wi
Lrane e Sakmander or Mewt SDECIES 4 4 Adult 1 female If not identified to species consider to be a 4

*EW = Ephemeral Wetland, HW = Headwater Wetland
Ambystoma maculatum requires ephemers, headwater, or seepage specific wetlands half the time, but can also be found in less pristine
environments such as road-side ditches or small retention areas.



Section 4.5 Macroinvertebrate Monitoring
Section 4.5.1 Macroinvertebrate Field Methods

Macroinvertebrates were sampled in conjunction Wl amphibian survey in March of 2007.
Each site was first scouted for appropriate sanspdéion locations with the goal of finding
variable microhabitats and deep enough water (@reéhan five inches deep) to deploy funnel
trap at two stations. Typically five macroinvertater stations were sampled at each site with
either a funnel trap or sweep net. Optimally, furtregos were used at two stations and a sweep
net at three stations. However, some sites dichao¢ deep enough standing water to utilize the
funnel trap at two stations. Table 4.5.1-1 sumnesrthe sampling stations located at each site.

The “DWQ Wetland Field Verification MacroinvertelbeaSampling Field Sheet” was completed
for each site sampled (see Appendix C). The sitaenaounty, sampler’s initials, Station 1D
Numbers, sample technique, date, start time, fulmapldeployment time, and station description
were recorded on the field sheet. Physical watafityyparameters of water temperature and pH
were also recorded on the field sheet. Stationrg#®n information was recorded on each
macroinvertebrate field sheet. Station descriptidarmation included the appropriate Sample
ID Number, location (middle or edge of the wetlgnitw rate, pool / stream, stream width,
depth, percent vegetation cover, percent shadesuastrate texture. Flow Rate (No Flow, Slow,
Med, Fast) at most sites was “No Flow” or “SlowdbrFpools, the width x length was estimated
and for streams only the width was recorded (oatiouous water in stream bed). The “percent
vegetation”, “percent shade”, and “substrate texXtwolely referred to the microhabitat where
the macroinvertebrate sample stations were locéded DWQ Wetland Field Verification
Macroinvertebrate Sampling Field Sheet in Apper@jxStation ID numbers were labeled at the
corresponding field station with yellow pin flaggin GPS was used to record the location of the
sampling stations. Photos were also taken of eaoipke station. Sample methods for funnel
traps and sweep nets are described in the follos@&agjons.

Table 4.5.1-1 Macroinvertabrate Stations

Site funnel sweep [Total
Belton Creek 2 3 5
Bluegreen Golf 2 3 5
Dargan 2 3 5
Dean 2 3 5
Doe Creek 2 3 5
Eastwood 1 4 5
Fairport 4 3 7
Goldston 2 3 5
Gray . 3 3
Hancock 2 3 5
Hart 2 3 5
Hewett Wildlife 2 3 5
Kim-Brooks 2 3 5
Lockwood 2 3 5
Martin-Amment 2 3 5
Mercer Seawatch 2 3 5
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Site funnel | sweep [Total

Mill Creek 2 3 5
Munn 2 3 5
Powers 2 3 5
Rourk 1 4 5
Seawatch Bay 2 3 5
Seawatch Nautica 2 3 5
Sikka 2 3 5
Winding River Pond 2 3 5
Winding River

Townhouse 2 3 5

Sample Methods
FUNNEL TRAP STATIONS

The funnel trap is a semi-quantitative method udsampling macroinvertebrates. Funnel
traps are easy to use activity traps that colledean sample and require little processing time;
however, funnel traps do not collect as wide a eanfjtaxa as some of the other methods.
Logistically, they are difficult to plan. They reigel two site visits approximately 24 hours apart,
higher water levels than for the other methods, anebation may occur in the trap by

macroinvertebrates or amphibians (U.S. EPA 2002d).

The funnel traps used at the headwater wetland Isastgitions were 18 x 6 inch cylinders with

inverse funnels located on either side with 2” apgs to allow macroinvertebrates easy entry
(See Figures 4.5.1a and 4.5.1b). Each trap was mvdHea layer of window screen and 300-

micron nitex netting. Funnel traps were deployedafgproximately 24 hours (+/-2 hours). Care
was taken when deploying the funnel traps to enthaeair pockets existed for any amphibian
that might enter the trap and that the openingsie@d open and were completely under water.
As needed, sediment and debris were removed taetisel traps were placed deep enough in
the water to be effective. Traps were kept horiabwthen retrieving and then placed vertically

in the washbasin where water was used to rinsenteroinvertebrates from the traps into the
washbasin. The contents of the washbasin were deeanted through a sieve (250-micron or
smaller) to remove excess water or sediment fraensdmple. Lastly, the sample was put in a
labeled container. Funnel traps were rinsed thdrlyugetween site usages.

SWEEP STATIONS

Sweep nets, or dip nets, are another semi-quanditatethod that is quick and easy to use. They
can collect a diverse array of representative & are usable in very shallow water. Unlike
funnel traps, sweep nets are not as useful foecitlg motile and nocturnal species, require a
longer processing time, and may result in userabdity (U.S. EPA 2002c). In order to ensure
more semi-quantitative results, D-shaped nets (6@@en) were used to sweep a 1-meter area
with 3-4 sweeps per station (see Figures 4.5.1atla4ab.1-1b). The leaf and woody materials
were then elutriated from the net, and a visualcteaf leaf packs and woody debris was made



before discarding. The sample was then put in aléabcontainer. Sweep nets were rinsed
thoroughly between wetland study sites.

All sample containers were labeled in pencil wite same, date, sample ID, container number,
dye, field crew initials, sample-processing ingighnd date processed. Rose bengal dye was used
when there was excessive sediment in the sampliehviicluded all stove-pipe samples, and
some sweep-net samples and a few funnel trap sampte preservation, 70 percent non-
denaturized ethanol alcohol was added to each saooile.

Figure 4.5.1-1a Funnel Trap Figure 4.5.1-1b Furei Trap in the Field

Section 4.5.2 Macroinvertebrate Sample Processingdtedure

Macroinvertebrate samples were picked randomly uadeght by using a picking tray with 12
grid cells (see Figure 4.5.2-1). Sample contentewérred and then deposited evenly on a 14 x
17 inch tray. All macroinvertebrates that were gge#han one cm in length were picked from
the sample first to ensure that predators and epdtgher on the food chain were included in
the processed sample. Grid cells were randonge for picking after taxa greater than one
cm in length were removed from the sample. Eaath ¢gil was entirely picked prior to starting
the next randomly chosen grid cell. A total of 20@ividuals or the entire sample (if less than
200 individuals found) was picked for each samteocessed specimen sample jars were
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labeled with the site name, station ID, number rafividuals picked, date of collection, and
picker’s initials.

Figure 4.5.2-1 Macroinvertebrate Picking Tray

Section 4.5.3 Aquatic Macroinvertebrate 1Bl Develoment and Analysis

A total of 125 samples were collected in four di#iet abundance classes: 34 samples in the 0-50
abundance class, 25 samples in the 51-100 abudtas= 18 in the 101-150 abundance class,
and 47 in the 151-200 abundance class. The pradefasding a contractor to enumerate and
identify the taxa in each sample was begun in 2008 after the samples had been processed as
the exact count per sample was needed to post ¢ljed’t for Proposal. Due to state budget
constraints, the identification and enumeratiorthe 125 samples will be done in 2010 using
DWQ staff. The following section provides the pdiahanalysis of the macroinvertebrate data
after the samples are enumerated and identifieddi@ate metrics may be changed after the
samples have been enumerated, identified, andeehiteio a database.

Approximately 36 biological attributes will poteallly be tested as metrics for the NC Wetland
Index of Biotic Integrity for Riverine Swamp Forg&ottomland Hardwood Forest, and Small
Basin Wetland. The candidate metrics will be chosgnmeviewing data with the assistance of
NC DWQ aquatic macroinvertebrate biologists andterdture review of other stream and
wetland IBI development studies by Ra@¢ral. (2001), Ohio EPA (2004), U.S. EPA (2002c),
Reiss and Brown (2005), Chirhart (2003), and Striplet al (1998). Wetland disturbance
measures as determined by the Ohio Rapid Assesdvtethbd (ORAM), Land Development
Index (LDI) for the watershed and 100m buffer, wajeality, soil pH, zinc, and copper will be
used to test the 36 candidate metrics (see Segjiohable 4.5.3-1 lists the potential candidate
metrics and the expected response (positive ortiwegavith the various disturbance measures.
Candidate metrics are listed in Table 4.5.3-1 atingrto metric type: Taxonomic Richness,
Taxonomic Composition, Trophic Structure, and Tahee / Sensitive.



Table 4.5.3-1 Candidate Macroinvertebrate Metrics with Expected Response to
Disturbance Measures

LDI, Water ORAM, soil
Metric Quiality, Soils | and water pH,
Type Candidate Metric Metals DO
@ Species Richness Negative Positive
§ Genera Richness Negative Positive
'E_:) Family Richness Negative Positive
E Chironomidae Richness Negative Positive
% EPT Richness Negative Positive
E OET Richness Negative Positive
POET Richness Negative Positive
Percent Decapoda Negative Positive
Percent Oligochaeta Positive Negative
Percent Chironomidae Positive Negative
Percent Coleoptera Negative Positive
Percent Corixidae Positive Negative
Percent Crustacea Negative Positive
Percent Diptera Positive Negative
Percent Dytiscidae Negative Positive
_5 Percent Hemiptera Positive Negative
@ Percent Leech Positive Negative
% Percent Microcrustacea Variable Variable
g Percent Mollusk Negative Positive
g Percent Orthocladiinae Positive Negative
§ Percent Terrestrial Variable Variable
o Percent Trichoptera Negative Positive
Percent Trombidiformes Negative Positive
Percent EPT* Negative Positive
Percent OET** Negative Positive
Percent POET*** Negative Positive
Percent of Top 3 Dominants Positive Negative
Evenness Negative Positive
Simpson's Index of Diversity Negative Positive
Site Abundance Negative Positive
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Table 4.5.3-1 Candidate Macroinvertebrate Metrics with Expected Response to
Disturbance Measures

LDI, Water ORAM, soil
Metric Quality, Soils | and water pH,
Type Candidate Metric Metals DO
§_ 5 Percent Predators Negative Positive
>
=& Predator Richness Negative Positive
- Percent Sensitive Negative Positive
(ORI
Q.2 Percent Tolerant Positive Negative
©
o5 Sensitive : Tolerant Negative Positive
29 Macroinvertebrate Biotic Index
Scorer*** Positive Negative

*EPT=Ephemeroptera, Plecoptera, Trichoptera
*OET=0donata, Ephemeroptera, Trichoptera
**POET=Plecoptera, Odonata, Ephemeroptera, Ttara
**** The Macroinvertebrate Biotic Index metric usasmethod created by David Lenat of the NC
DENR Division of Environmental Management for usesoutheastern streams (Lenat 1990). The
Macroinvertebrate Biotic Index is calculated asowk:

MBI = > TViN

MBI = Macroinvertebrate Biotic Index
TVi = Tolerance Value ath taxa

Ni = Abundance oith taxa

N = Total Number of individuals in taxa

Metrics using aquatic macroinvertebrate data wal tbsted against the disturbance measures
using both Spearman’s rho and Pearson’s Correl&@ioefficient with pairwise comparisons.
Non-parametric data will be transformed as needethk Pearson’s Correlation Coefficient test.
Correlations will be performed on each wetland tgpparately and on wetland type by region
for the Small Basin wetlands.
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Section 4.6 Plant Monitoring

Section 4.6.1 Plant Monitoring Field Survey Methods

The field survey methods for plant monitoring aesatibed below.
Section 4.6.1.1 Presence-Absence Species Lists

In order to generate a species list for the sltejascular plant species located within the study
area boundary were identified to species, if pdssiSpecies lists were recorded in field
notebooks and transferred to a database. Vouckeimspns were obtained for identification. All
taxa were identified to the lowest practical taxmimlevel. Voucher specimens were collected
and identified resulting in the modification ofesgpecies lists, field survey sheets, and the plant
list database as needed. Voucher specimens wecegsed, labeled, and catalogued for future
reference. The University of North Carolina Hefia was contracted to identify some of the
more difficult voucher specimens such as grasssadde species. The “Flora of the Carolinas,
Virginia, Georgia, and Surrounding Areas, Draft ulay 2007 (Weakley 2007) was used for
genus and species nomenclature for all surveyeetleld research or databases used for this
project.

Section 4.6.1.2 Community Plant Survey

Plant community monitoring methods were developeth & survey design similar to “The
North Carolina Vegetative Survey Protocol (Peetal 1997), also known as the Carolina
Vegetative Survey (CVS). The CVS was developedidperenced North Carolina botanists and
ecologists for the purpose of providing a quantigatiescription of the vegetation in a variety of
habitats throughout the Carolinas. However, thighod was developed to be used in high
quality references sites that have a fairly coesishomogenous plant community. The sites
chosen for the Wetland Verification project areiafale in quality and function and are not
always homogenous in plant community type, eithee tb wetland size or past disturbance.
The sampling plot design also differs from the Cd&3ign in that eight Modules rather than ten
modules were typically surveyed for presence, cowed woody stem DBH (see Figure 4.6.1.2-
1). Plant surveys were completed on all sitesngutihe 2007 and 2008 field season except for
the Hart site due to loss of access to the site.

72



Plot Description

Figure 4.6.1.2-1 Normal Plot Layout

40m
< > A
? 3 | 4 3] 4] g
8 7 6 5
- | 2 112 ___. o ’
Centerline ;l > 1 > 20m
1 2 3 4 v
® 4 | 3]4] 3] ®
1 1 1 1
=Y
Modules Residual Intensive Intensive Residual
1,8 2,7 3,6 4,5

& GPS Point taken

Plot Layout for Normal Plots

Typically a plot consisted of eight modules (or globs) that were 10x10 m in size and
numbered counter clockwise from one to eight (Sgark 4.6.1.2-1). Modules were arranged in
a 2 x 4 array with a 40 m centerline located altrgglong axis line between modules 1 and 8
and 4 and 5 (see Figure 4.6.2.1-1 or the DWQ Wetkield Verification Plot Layout Sheet
located in Appendix B). The best orientation fog fflot was chosen in the field according to the
contours of the wetland boundary and consistencgitef vegetative community. GPS points
were taken at the four corners of the plot (se@réi@.6.2.1-1). The corners of the modules 2, 3,
6, 7, are intensive modules and were surveyed égetation cover and woody stem density
while modules 1, 4, 5, and 8 are residual modutesvaere surveyed for woody stem density
only. The vegetation cover and woody stem densityeys are described later in this section

Plot Layout for Varied Plots

For some wetland sites, the 2 x 4 array of modwie® not feasible due to the site size, contours
of the site boundary, proposed development, rotetdactions, or condition of the habitat. In
these situations a varied plot layout was use@austVaried plots consisted of 10 x 10 modules,
laid out in the most practical way to allow up tgh# modules to be surveyed within site’s
wetland habitat boundary. Within variable plotse #four most centrally located modules, or
those four modules that were most representativéhefsite’s vegetative community were
intensively surveyed, while additional modules weoasidered residual. For example, the Gray



site in Granville County was too small to allow 12 x 8 array of modules, therefore a 2 x 2
array of modules were surveyed. Chimney Rock Rotatsects the Doe Creek site and there is a
proposed road that insects the Mercer Seawatchlsithese two situations, a 2 x 2 array of
modules was surveyed on either side of the exigtpmgposed road crossing with two intensive
and two residual modules being surveyed in eact? 2aiay of modules. Other sites (Bluegreen
Golf and Hewett Wildlife) also required a variedplayout. The layout of the varied plot was
drawn on the lower half of the “DWQ Wetland Fielcenification Plot Layout Sheet” (see
Appendix C).

Plot Survey Methods

The “DWQ Wetland Field Verification Plant Surveye®jes Cover Field Sheet” and the “DWQ
Wetland Field Verification Woody Stem Survey Fi@teet” were completed for the vegetation
cover and woody stem density survey respectivedg Gppendix C). The first column on both
field sheets referred to the species code, whichfillad out in the office and used in the plant
database later. The species code was typicallfir§idour letters of the Genus followed by the
first four letters of the species (eAcer rubrum= acerrubr). For species identified to genus (or
family) only, the code would be the first four % of the genus (or family) followed by spp
(e.g. Acer species = acerspp or Poaceae speciesacsgp). All other columns on both field
sheets were filled out in the field. For both thanp and woody stem survey, the scientific name
for the species was written down as accurately gundkly as possible in the species column.
Vouchers of plants that could not be identifiedhe field were collected and later identified in
the office or by the University of NC Herbarium atieen the corrections to datasheets were
made accordingly.

Plant Species Coverage Survey

As previously discussed, modules 2, 3, 6, 7 wetensively surveyed for plant coverage. Each
intensive module had corners numbered from “1”4b Counter-clockwise in which a series of
nested quadrats was surveyed (see the labeledrsannigigure 4.6.1.2-1 and nested quadrats in
Figure 4.6.1.2-2). The species presence was detedmat one chosen corner within each
intensive module first and then cover classes vasgigned to each species present within the
module. One corner was chosen in the field for eatbnsive module to be surveyed for
presence. Adjacent corners of adjacent modules sgcmodule-2, corner-1 and module-7,
corner 2 (see Figure 4.6.1.2-1) or corners witlaliaged disturbance, such as a downed tree were
not chosen to survey presence.
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Figure 4.6.1.2-2. Nested Quadrats Diagram

_10cm
_32cm
1m

3.16m
10 m

A series of nested quadrats (see Figure 4.6.1\e2¢ surveyed for presence at the chosen
survey corner. The nested quadrats were compddeat mested quadrats that increased in size
from 10 x 10 cm to 10 x 10 m exponentially. “Prese for a plant species is defined as being
rooted within the boundary of the survey quadrBteSence class” is defined by the smallest of
the nested quadrats the plant is rooted in. Therquiaize and presence class are as follows:
class 5 — 10 cm x 10 cm, class 4 — 32 cm x 32 tass@ — 1 M class 2- 3.16 m x 3.16 m, and
class 1 — the entire 10 m x 10 m module (see Figuwel.2-2). Each nested quadrat was
surveyed in order by size from the smallest quad@tcm x 10 cm or presence class 5) to the
largest quadrat (10 m x 10 m or presence clasArly.individual plant species that over hung
the intensive module, but was rooted within the aledvas given a presence class of “0”. The
presence class of “07, “1”, “2”, “3",”4”, or “5” wee recorded under the appropriate corner
number (c#) and module number. A cover class veafggaed to every species rooted in or
overhanging the intensive module after all presesatees had been assigned. Cover is defined
as “The percentage of ground surface obscured éwdéitical projection of all above ground
parts of a given species onto that surface.” Colesgses are: trace (1-2 individuals only), 0-1%
(1 nf), 1-2% (1 m x 2 m), 2-5% (1 m x 5 m), 5-10% (1 rhG&m), 10-25% (5 R), 25-50% (5 m

x 10 m), 50-75% (8.7 fi), 75-95% (9.7 1), 95-100% (10 ). The cover class was recorded in
the percent cover (%cov) column for each specieeuthe appropriate module number. The
overall cover for the herb ( H ), shrub ( S ), &ahopy ( C ) vertical stratums for each module
was recorded last, directly under the module numbee vertical stratums classes are herb = 0-
1m, shrub = 1-6 m, and canopy = >6 m. The resithaaules were surveyed for any species that
was not present in the intensive modules afteirttessive modules survey was completed. The



species code, Genus species, and collected (wh#icape) columns were completed for any
new species surveyed in the residual modules (3&&) DNetland Field Verification Plant
Survey Species Cover Field Sheet, Appendix C).

Woody Stem Survey

The survey of the woody plants (primarily treesudls and vines) was recorded on the “DWQ
Wetland Field Verification Woody Stem Survey Fie®heet” (see Appendix C). Every
individual live stem that was rooted within the tpdmd reached Diameter at Breast Height (DBH
=1.37m) was surveyed and tallied on this field she&o separate lines and therefore a separate
tally needed to be used if the same species octurravo separate intensive Modules (one for
each Module). Each individual stem was measuredtalied as one of the following size
classes: <2.5 cm, 2.5-5 cm, 5-10 cm, 10-15 cm,@ &M, 20-25 cm, 25-30 cm, 30-35 cm, and
>35 cm. DBH rounded to the nearest centimeter waerded for trees 35 cm DBH. For
bifurcated saplings or shrubs, “Individual stem®revdefined as stems that split below 1 meter
in height. All stems were surveyed for bifurcateglsigs or shrubs that split below 1 m while
only the largest stem was surveyed for bifurcaggalisgs or shrubs that split above 1m. Snags
that were 5 cm and reached DBH level were also be includebdigisurvey.

Section 4.6.2 Plant IBI Development and Analysis

An overall species list database was developed.“$hecies list” database contained fields for
the species code (see section 4.6.1.2), genusespaximmon name, family, NWI Region 2
Wetland Indicator Status (Resource Management Grimep 1999), physiognomic form (fern,
forb, grass, moss, sedge, shrub, small tree, arekyine), habit (annual, perennial, cryptogram,
woody species), group (monocot or dicot), shaderaoice (shade species, light species, partial
light species, or adventive) and coefficient of Kenvative value (C of C). Three botanists (Dr.
Alan Weakely, Dr. Peter White, and Dr. Johnny R#ihdi@mm the University of North Carolina,
Chapel Hill, were contracted to evaluate each pépeicies and assign C of C values based on
Taft et al. (1997), which is summarized in Tablé.2-1 below. An average value of the C of C
ratings of the three botanists was calculatedierspecies list database (see Appendix D).

Information from the “DWQ Wetland Field VerificaioWetland Woody Stem Survey Field
Sheet” and "“DWQ Wetland Field Verification Plantréey Species Cover Sheet” was also
entered into a “Coverage and woody stem surve\dliete in Excel. The median cover value for
each cover class (see Table 4.6.2-2) was calculatedll coverage records on the “DWQ
Wetland Species Plant Survey Species Cover Shewt”emtered in the database. Voucher
species identifications were used to modify andemirthe field sheets and databases prior to
analysis.
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Table 4.6.2-1 Floristic Quality Index Coefficierft@onservatism Value Assignmentstet. al..
1997)

C of C Value Criteria used to define C of C assignment
Assignment
0-1 Taxa that are adapted to severe disturbances, particularly anthropogenic.

Disturbance occurs so frequently that often only brief periods are available for
growth and reproduction, generally considered ruderal species/opportunistic

invaders.

2-3 Taxa within this category are associated with more stable, though degraded
habitat. Generally considered ruderal-competitive species, found in a variety of
habitats.

4-6 Taxa that have a high consistence of occurrence within a given community type

and will include many dominant or matrix species for several habitats. Species will
persist under moderate disturbance.

7-8 Taxa associated mostly with natural areas but can persist where the habitat has
been somewhat degraded. Increases in the intensity or frequency of disturbance
may result in reduction in population size or taxa may be subject to local
extirpation.

9-10 Taxa exhibiting a high degree of fidelity to a narrow range of synecological
parameters. Species within this category are restricted to relatively intact natural
areas.

Table 4.6.2-2 Median Wetland Plant Class Coverages

%Cov m? =| Median Cover m 2
T 0.25 m?
0-1 m? 0.5m?
1-2m? 1.5 m?
2-5 m? 3.5m?
5-10 m? 7.5 m?
10-25 m? 17.5 m?
25-50 m? 37.5m?
50-75 m? 62.5 m?
75-95 m? 85 m?
95-100 m? 97.5 m?

CANDIDATE METRICS

A total of 40 candidate metrics were identified fme as potential metrics for the Riverine
Swamp Forest, bottomland hardwood, and Small Basittand wetland Plant I1BIs (Indices of
Biotic Integrity). The candidate metrics assessedHle study were different types of vegetative
parameters (or different types of metrics): comrtyubalance metrics, floristic quality metrics,
wetness metrics, functional group metrics, or comityustructure metrics. All metrics were
calculated and statistically tested with JMP v. @dftware. Spearman’s Rho correlation
coefficient, a non-parametric correlation test, waed to test each candidate metric. Plant
metrics were tested for normality using the Shapifitk W Goodness of Fit test (see Section 2).
Spearman’s Rho was used since the candidate naetiédcand disturbance measures were not



always normally distributed. In addition, the catate metrics and disturbance measures were
transformed and tested for correlation using Peesspairwise correlations. The ORAM and
LDI disturbance measurements were used to testdhedidate metrics (see Section 2). The
candidate metric correlations were tested sepgré&telthe three different wetland types. A p-
value of 0.15 was considered significant. ORAM &abd are believed to provide a better overall
indicator of site disturbance then water qualitd @oil characteristics and were therefore use to
test plant metrics.

The following is a list and description of each rneetThe metrics are organized according to
vegetative parameter (or metric type). Table 43%li8ts the candidate metrics and the expected
correlation (positive or negative) with the varialisturbance measurements.

Community Balance Candidate Metrics

Simpson’s Diversity Index Metrie Simpson’s Index (Simpson 1949) considers thelbmunof
species, the number of individuals, and the progof the total of each species. A higher value
of Ds correlates with higher diversity within the survanea. The first equation is the standard
Simpson’s diversity equation (Pand the second equation () uses coverage instead of
abundance and was used as a candidate metrisisttiily. The Simpson’s diversity using cover
(Dcov) Was also calculated and tested as a candidateemet

Ds=1-[2mM—-1)/N(N-1)] DQov =1- [X Nicov (Nicov— 1) /Neov (Ncov— 1) ]

Ds— Simpson’s Diversity Index

Dcov— Simpson’s Diversity Index using Cover
N — Total individuals

n; —Total individuals of specigs

Ncov— Total cover for all species

Nicov - TOtal cover for specigs

Evennessand Native Species Evenness MetricBvenness is the distribution of individuals
among species. If all species are equal in digiohuthen evenness is high. The first equation
(E9) is the standard Evenness equation (Brower andl4@v) and the second equatidf,()
uses coverage instead of abundance and was usedaaslidate metric in this study. Evenness
using coverage and just native species was alsalat#d and tested as a candidate metric.

Es = Ds/ Dmax
Ecov = Dcov/ Dmax-cov

DmaX: (S_ 1 /S) * ( N/N_ 1) max.co\/: (S_ 1 /S) * (Ncolecov_ 1)

Es - Evenness
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Dmax— Maximum D¢

Drmax-co— Maximum Dsusing cover
s - number of species

N — Total Individuals

Ds — Simpson’s Diversity Index
Ncov— Total cover for all species

Dominance and Dominance for Herb and Shrub covetrios— These metrics incorporates the
“distribution or concentration” of the three mosinginant species cover class values for all
individuals and shrub and herb classified individua

D = (CoVa+p+c/Ncov)
CoVa+p+c- Total herb or shrub cover specaed, orc.
Ncov — Total cover for all herb and shrub species

Species Richness MetricTotal Number of Species

Vascular Plant Genera Richness Metrid otal number of vascular plant genera.

Floristic Quality Candidate Metrics

FQAI and FQAI Cover Metrics Floristic Quality Assessment Index (FQAI) is ewaluation of
ecological integrity that incorporates the affinityat a species has for occurring in a natural
habitat and the total number of species at theisitethe calculation of the index (Tadt al
1997). The metric used in this study also inclug@s-natives in the species total (Fennestsyl.
1998a and 1998b, Lopez and Fennessy 2002, Mack).2d0ve FQAL, metric, which
incorporates species cover into the equation, \8ad in this study. See Table D in Appendix D
for a list of NCDWQ Coefficient of Conservatism ptaankings.

FQAI = Z C| /\/N FQAICOV: Z C| * CO\A /'\/N*COVtot

Ci - Coefficient of Conservatism for species

N - Species richness (including non-natives)

Cov; - Cover of species

Covii— Total Coverage including non-native species

Average C of C Metrie Average Coefficient of Conservation value (s@péndix F).

Percent Tolerant Metrie- Total relative coverage of all species, inclgdimon-natives, with a C
of C value< 2.



Percent Sensitive MetricTotal relative coverage of all species, inclgdnon-natives, with a C
of C value> 7.

Invasive Coverag®letric — Total relative cover of all non-native invassfecies.

Invasive Shrub Coverage MetrcTotal relative cover, within the shrub stratuntyo of non-
native invasive shrubs.

Invasive Grass Coverage MetrcTotal relative cover, within the herb stratuntypf non-
native invasive grasses.

Wetness Characteristics

FAQWet Metrics (FAQWet Equation 3 Metramd FAQWet Cover Metricy The Floristic
Assessments for Wetland Plants index equationsaf® “4” were devised by Erviet al
(2006). These equations incorporate species wetmessber of species, number of native
species, and frequency of native species. Forsthdy, the FAQWet equation “3” was tested,;
however, the FAQWet equation “4” was revised tdude coverage (FAQWet Cover Metric)
rather than frequency as a factor in the equakogguency values are typically calculated by the
number of times a specific plant species occurkiwisurvey plots. Therefore the more survey
plots in a study, the more variable the value fegfiency. FAQWet equation “4” was not used
in this study since there were only four large syrplots (i.e., four intensive modules). The
FAQWet metric equations are as follows:

FAQWet equation 3= > WOVS* N/S
FAQWet equation 4 = WCWS * Xf/>F
FAQWet Cover =Y WCVS * X COVhal2.COViot

WC= Wetness Coefficient F = Frequency of all species
S =All species f = Frequency of native species
N = Native Species

Wetland coefficient values in the above equatioescalculated as follows: OBL
= +5 FACW=+ 3, FAC =0, FACUP =-3, UPL =- 5.

Wetland Plant Species Richness Metridumber of native herb species with a FACW or OBL
wetland indicator status.

Wetland Plant Cover Metrie Coverage of native herb species with a FACW BL @etland
indicator status.

Wetland Shrub Species Richness Metridumber of native wetland shrubs with a FACW or
OBL wetland indicator status.
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Wetland Shrub Cover Metrie Coverage of native wetland shrubs with a FACVDBIL
wetland indicator status.

Functional Groups

Cryptogram Richness MetricNumber of fern or fern ally species.

Cryptogram Coverage Metrie Total relative cover of fern and fern allieslve herb layer.
Annual : Perennial Metrie- Annual + Biennial species / Perennial species.

Bryophyte Coverage Metrie Total relative coverage of moss in the herbraye

Carex Richness Metrie Total number o€arexspecies.

Carex Coverage Metrie Total relative cover dCarexspecies.

Cyperaceae, Poaceae, and Juncaceae Metiiotal number of native Cyperaceae, Poaceae,
Juncaceae.

Cyperaceae, Poaceae, and Juncaceae Coverage Metmtal relative cover of native
Cyperaceae, Poaceae, and Juncaceae in the hetb laye

Dicot Richness Metric Fotal number of native dicot herb species.

Dicot Coverage Metrie- Relative percent cover of native dicot herbtatraspecies in the herb
layer.

Community Structural

Native Herb Species Richnes$etal number of native herb species.
Native Herb Cover Metrie Total herb cover for native species.

Total Herb Species Richness (Native and ExoticyidMeT otal herb richness for both native and
exotic species.

Total Herb Cover (native and exotic) Metri€etal herb cover for both native and exotic
species.

Shade Metric- Number of native species (not including advesgtior trees) with a shade rating
of “shade” or “partial shade”. See Appendix D, T&abl for a list of plant shade rankings.
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Sapling Density Metrie- Relative density of canopy and small tree sgmipecies and small tree
species in the <1 cm, 1-2.5 cm, 2.5-5 cm, and BriDBH size classes. Relative density was
calculated for each size class by dividing thel totenber of stems per size class for canopy and
small tree species by all stems for canopy andldneal species. The relative density of the four
size classes (<1 cm, 1-2.5 cm, 2.5-5 cm, and 5A0wveas then summed to equal tBapling
Density Metric

Large Tree Density Metrie Relative density of trees2b cm DBH. The relative density of trees
>25 cm was calculated by dividing the total number®5 cm DBH canopy and small tree
species stems by the total number of all canopysamall tree species stems.

Pole Timber Density Metrie Relative density of trees in the 10-15, 15-2@ 20-25 cm DBH

size class. Relative density of pole timber treas walculated for each size class (10-15, 15-20,
20-25) by dividing the total number of stems peesilass for canopy and small tree species by
all stems for canopy and small tree species. Tladive density of the three size classes (10-15,
15-20, and 20-25 cm) was then summed to equd ohe Timber Density Metric

Canopy Importance Metrie The Canopy Metricis the average relative importance value of
native canopy species. The relative importanceevaduequal to the sum of relative density,

relative dominance, and relative frequency. Redéatiensity for each species was calculated by
dividing the total number of canopy stems per sggbly the total number of canopy stems for
all species. Species dominance per size classiZerctasses 0-1 cm to 30-35 cm DBH was

calculated by multiplying the number of canopy stsemeach species size class by the midpoint
of the size class. The 0-1 cm to 30-35 cm dominame class for each species was calculated
by summing the dominance for size classes 0-1 cB9485 cm. The species dominance for size
classes >35 cm DBH was calculated by summing taé BBH for each canopy species >35 cm.

Therefore, if two red maples each equal to 45 cnH2Bd one red maple equal to 60 cm DBH

were recorded during the woody vegetation survey>B5 dominance size class would be equal
to 150 cm. The total dominance for each speciescaigsilated by summing the 0-1 cm to 30-35

cm dominance and > 35 cm species dominance spsizieslasses. Relative dominance was
calculated by dividing total dominance of each ggnepecies by the total dominance of all

canopy species. Relative frequency was calculayedivbding the number of size classes each

canopy species occurred in by the total numbeizef dasses, which were 10 (0-1, 1-2.5, 2.5-5,
5-10, 10-15, 15-20, 20-25, 25-30, 30-35, af3d. For example, if red maple occurred in the 0-1,
1-2.5, 2.5-5, 5-10, 20-25 an@®5 the frequency would be 6 / 10 or 0.60.

Average Importance Shrub Metric The Average Importance Shrub Metris the sum of the
average importance value for native shade-tolegadt partial shade-tolerant shrubs and small
trees. The average importance values for all nathade shrubs and small trees and all native
partial shade shrubs and small trees were calcutaparately. The relative importance value is
equal to the sum of the relative density, relatieninance, and relative frequency. Relative
density for each species (shade or partial shads)oalculated by dividing the total number of
shrub and small tree stems per species by the motaber of woody stems for all species.
Species dominance per size class was calculateduliiplying the number of shrub and small
tree stems in each species size class by the midpbthe size class. The dominance of each
size class was then summed to equal total speoindnce. Relative species dominance was
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calculated by dividing total dominance of eachveshade or partial shade shrub and small tree
species by the total dominance of all woody spediedative species frequency was calculated
by dividing the number of size classes each nathede or partial shade shrub or small tree
species occurred in by the total number of sizesas, which were 10.

Standing Snag ImportaneeSnags provide habitat for wildlife. This candaleefers to the
Relative Importance of Snags. Relative Importané&ekative Frequency + Relative Dominance
+ Relative Density.

Table 4.6.2-3 Candidate Plant Metrics and expected Correlation with
Disturbance Measurements

Candidate Metric ORAM Score | LDI Scores

Community Balance Candidate Metrics

Simpson's Diversity Index Metric Positive Negative
Evenness Metric Positive Negative
Dominance Metric Negative Positive

Herb and Shrub Dominance Metric Negative Positive
Species Richness Metric Positive Negative
Vascular Plant Genera Richness Metric | Positive Negative

Floristic Quality Candidate Metrics

FQAI Cover Metric Positive Negative
Average C of C Metric Positive Negative
Percent Tolerant Metric Negative Positive
Percent Sensitive Metric Positive Negative

Invasive Coverage Metric Negative Positive
Invasive Shrub Coverage Metric Negative Positive
Invasive Grass Coverage Metric Negative Positive

Wetness Characteristic Metrics

FAQWet Equation 3 Metric Positive Negative
FAQWet Cover Metric Positive Negative
Wetland Plant Species Richness Metric | Positive Negative
Wetland Plant Cover Metric Positive Negative
Wetland Shrub Species Richness Metric | Positive Negative
Wetland Shrub Cover Metric Positive Negative
Functional Groups
Cryptogram Richness Metric Positive Negative
Cryptogram Coverage Metric Positive Negative
Annual : Perennial Metric Negative Positive
Bryophyte Coverage Metric Positive Negative




Table 4.6.2-3 Candidate Plant Metrics and expected Correlation with

Disturbance Measurements

Candidate Metric ORAM Score | LDI Scores
Carex Richness Metric Positive Negative
Carex Coverage Metric Positive Negative

Cyperaceae, Poaceae, and Juncaceae
Metric Positive Negative

Cyperaceae, Poaceae, and Juncaceae
Coverage Metric Positive Negative
Dicot Richness Metric Positive Negative
Dicot Coverage Metric Positive Negative

Community Structural

Native Herb Richness Metric Positive Negative
Native Herb Cover Metric Positive Negative

Total Herb Richness (Native and Exotic)
Metric Positive Negative

Total Herb Cover (Native and Exotic)
Metric Positive Negative
Shade Metric Positive Negative
Sapling Density Metric Negative Positive
Large Tree Density Metric Positive Negative
Pole Timber Density Metric Negative Positive
Canopy Importance Metric Positive Negative
Average Importance Shrub Metric Positive Negative
Standing Snag Importance Positive | Negative |
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Section 5 — Results: Riverine Swamp Forests and Boimland Hardwood Forests

Section 5.1 Riverine Swamp Forests and Bottomlandaidwood Forests: Introduction and
Background

Bottomland hardwood and Riverine Swamp Forestsrdoccextensive mosaics North Carolina’s
rivers and streams. Riverine Swamp Forests are gmrenon in the Coastal Plain, and occupy
many positions in the landscape; stream headwatatrated areas along large rivers,
floodplains, fresh- and brackish-water tidal fosesind large lakes where enough wind fetch
occurs to produce wind tides that effectively fumictas overbank flooding (generally larger than
20 acres). Riverine Swamp Forests can also beedreataugmented by beaver impoundments in
the Coastal Plain and Piedmont ecoregions as veasatbe with two of the Coastal Plain project
sites (Winding River Pond and Hewitt Wildlife).

Both riverine and bottomland systems receive infnai overbank flooding, groundwater, and
surface runoff, but the frequency and amount ofoélthese inputs is increased in Riverine
Swamp Forests causing them to remain inundatedsaifs to semi-permanently. Bottomland
Hardwood Forests are common on the floodplaingeobisd-order and larger streams and rivers
throughout the state and are usually intermittetdlgeasonally inundated (see NCWAM User
Manual, 2008, http://h20.enr.state.nc.us/ncwetlgoalshtm) It is possible to progress from a
Bottomland Hardwood Forests downslope to a Rivedwamp Forests, or to have only one type
present. If both types are present, differencaspographic relief and hydrology can cause the
borders of the two systems to undulate and intesspe

In second or higher order streams, local hydrolagg sedimentation are important factors in
determining whether and Riverine Swamp Forests attoBland Hardwood Forests will be
present in a given area. These factors influenaatptommunity type and inundation period
which in turn define wetland type. Flow regime @an important part in nutrient and sediment
inputs, which also in turn affect plant communiyppé (Hodges 1997). Soils in the Riverine
Swamp Forests are both organic and mineral, whi#oBhland Hardwood Forests tend to be
mineral only. Riverine Swamp Forests in the Piednaonl Blue Ridge regions are characterized
by a canopy of overcup oalk(ercus lyraty, ashesKraxinusspp.), and American Eln{mus
americang while the Coastal Plain canopy is dominated bg-ogpress Taxodium ascendens
and/or pond-cypressTéxodium distichuin and water tupeloNyssa biflord. The herbaceous
layer ranges from nearly absent to moderate boroist always obligate (Schafale and Weakley
1990). In Bottomland Hardwood Forests, canopy $gecies consist of hardwoods such as oaks
(Quercusspp.), red mapleAcer rubrum), ashesKraxinusspp.), and other hardwoods (NCFAT
2008). The herbaceous layer in Riverine Swamp Eoiesparse to moderate with native herbs
such as false-nettle Bbehmeria cylindricg sedges of the genu€arex river oats
(Chasmanthium latifoliujp are often suppressed by exotic invasive plamcigg such as
Japanese stilt-gras$/icrostegium vimineujnand Japanese honeysucki®r{icera japonic,
particularly in the Piedmont and mountains (Scleataid Weakley 1990). The role of sediment
and organic debris (seeds and decomposed leavgsingtsts and deposition on species
distribution will be discussed in more detail below



Though patterns of flooding and inundation diffetween Bottomland Hardwood Forests and
Riverine Swamp Forests, their formation is due tanynof the same processes. Common
landscape features found in southeastern floodpiaiclude meandering river channels, oxbow
lakes created when river meanders change courtgahéevees, and areas of ponded water
inside meanders called sloughs. Oxbows and slobgltguse of their increased water retention,
are likely sites for the formation of bald cyprespelo Riverine Swamp Forests in the Coastal
Plain (Mitsch and Gosselink 2000). The levees aiet dreas would likely support Bottomland
Hardwood Forests or non-wetland vegetation. Sedimdeposition during overbank flooding is
greater on levees and swales, while the semi-pemtignflooded Riverine Swamp Forests
receive less nutrient input. The same inundatidtepaalso leads to an accumulation of organic
material in Riverine Swamp Forests due to reduesishposition and increased residence time.
Bottomland Hardwood Forests on blackwater streasws r@ceive less sediment and nutrients
than their brownwater counterparts (NCFAT 2008pvanwater streams that arise in uplands are
high energy systems that often carry large sedinoas (Hupp 2000). Streams associated with
these communities may be quite old, but the sedsndaposited in these floodplains are of
recent geologic origin, and consist of soil matederived from the Piedmont and mountains of
North Carolina (Hodges 1997). Blackwater streanes generally low gradient and lack the
energy for significant sediment transport (Hupp@00

Forested wetlands act as natural basins duringyn@@cipitation events. Excess rainwater from
upland areas backs up into backwaters such ashdaargd oxbows and adjacent bottomlands,
lessening the severity of downstream flooding as Water is slowly released downstream. In
addition, this backwater flooding is often laderihwpollution and nutrient-rich sediments, which
are deposited in these bottomland and riverinensasir from stream and river channels, thus
improving downstream water quality (Kellison and ung 1997). This pollution removing
function of Bottomland Hardwood Forests was quatifis a monetary value in a 1990 study of
a bottomland hardwood swamp at present day Con@éagenal Park in central South Carolina.
Researchers found that the pollutants removedhbge wetlands were equivalent to the
function of a $5 million wastewater treatment plAOSEPA 1995).

Wetland processes play an important role in transfay nutrients and releasing them into the
atmosphere. In particular, Bottomland HardwoodeBts and Riverine Swamp Forests have
high productivity and decomposition rates becausetheir flowing water and pulsing
hydrological regimes, allowing for the rapid excbarof nutrients. Wetland inputs of nutrients
derive from precipitation and river flooding; oatfis distribute nutrients and organic matter to
downstream habitats (Mitsch and Gosselink 2000).

As mentioned above, hydrology and sedimentatiortleekey differences between Bottomland
Hardwood Forests and Riverine Swamp Forests. Theyath highly productive and diverse
systems as a result of episodic flooding which jgtes inputs of organic and mineral suspended
materials. Disturbances play a large role in thecsssional pattern in a wetland, with
intermediate magnitude and frequency of disturbarfegoring the presence of fast-growing
pioneer species. Reduced connectivity to riverssireams will decrease the disturbance regime,
allowing less competitive species to thrive. Itgldobe noted that extreme isolation can increase
diversity by preserving past vegetation patterreg #re now atypical in a region (e.g. upland
plants from the mountains in now-isolated floodp&di (Bornette 1998). Unlike upland sites,
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bottomland succession is very dependent on botarnat (plant-mediated) and external
processes such as soil deposition and floods (Hod®97). Another major factor in the

succession of North Carolina’s forested wetlandbésfrequency of hurricanes. Windthrow due
to these storms opens up the canopy and allowsdsitrg amounts of sunlight into the forest
floor, letting sun-tolerant trees such as sweetguad oaks, and pines flourish (Batzer and
Sharitz, 2006).

The cypress-tupelo swamps of the Coastal Plainresquee a naturally longer successional cycle
because of the longevity of the trees. With staatils to reach 200-300 years of age, succession
can become arrested on these sites, barring signifdisturbances (Hodges 1997). Schafale and
Weakley identify six types of ecosystems that avas@lered to be Riverine Swamp Forests
wetland by the NCWAM method. Those six types areCgpress-Gum Swamp (Blackwater
subtype), 2. Cypress-Gum Swamp (Brownwater subtypefoastal Plain Stream Small Stream
Swamp (part), 4. Piedmont/Mountain Swamp ForesTi&al Cypress-Gum Swamp, 6. Natural
Lake Shoreline (Schafale and Weakley, 1990, NCFAU82. The Riverine Swamp Forests sites
that were surveyed in the Lockwood Folly River Wslted for this study were all Cypress-Gum
Swamp (Blackwater subtype). The understory of Matkr Riverine Swamp Forests (“Cypress-
gum swamp [blackwater subtype]” from Schafale aneéaWey 1990) is characterized by
Carolina ash Kraxinus caroliniand, swamp tupelo, and red maplécér rubrun), while ti-ti
(Cyrilla racemiflora), sweet pepperbusiClethra alnifolia) and fetterbushL{onia lucidg make

up the shrub layer. Though generally sparse, tluengtory may be quite dense in areas. “The
herb layer ranges from nearly absent to moderaverco(Hodges 1997) Common species
include lizard’s-tail Saururus cernuys giant sedge Garex giganteg dotted smartweed
(Persicaria punctatum Centella asiatica Hydrocotyle verticillatavar. triradiata, threeway
sedge Dulichium arundinaceuin and netted chain fer®oodwardia areolata

The Riverine Swamp Forests of the Lockwood FollyeRiwatershed were generally dominated
with bald cypress and gum or swamp tupelo treesweyer, cypress trees were rarer at a few of
the sites. Ash, red maple, sweet bBag@nolia Virginiar), swamp bayFersia palustri}, and
sweet gum l{iquidambar styraciflua were also present in the canopy with ti-ti, wayrthe
(Morella ceriferg, and tag alderAlnus serrulata in the shrub layer, and lizard’s tail, royal fern
(Osmunda regaljs and various sedges and rushes in the herb |1&fethe seven sites, three
were tidally influenced (Doe Creek, Lockwood FoRyer, and Mercer Seawatch). However,
the tidal influence at the Mercer Seawatch site Vady insignificant, and while at the
Lockwood Folly River, site salt intrusion appeatedbe causing the die-back of ash trees.

Bottomland hardwood succession and species diitibwaries greatly depending on the rate
and type of sediment deposition, as well as ecoredbchafale and Weakley (1990) list eight
types of plant communities that are considerededbttomland Hardwood Forests wetlands
with the NC WAM method (NCFAT 2008). The eight conmity types identified by Schafale

and Weakley (1990) are: 1. Coastal Plain Bottomlataddwoods (Blackwater subtype), 2.
Coastal Plain Bottomland Hardwoods (Blackwater wodt, 3. Coastal Plain Levee Forest
(Blackwater subtype), 4. Coastal Plain Levee Ford&rownwater subtype), 5.

Piedmont/Mountain Levee Forest, 6. Piedmont/MountBiottomland Forest, 7. Montane
Alluvial Forest, 8. Piedmont/Low Mountain AlluvidForest (Part). There are Bottomland
Hardwood Forests communities throughout the sthteyever, the Bottomland Hardwood



Forests communities surveyed in the Fishing Creakemshed would be considered to be
“Piedmont/Mountain Bottomland Forest” accordingSichafale and Weakley (1990).

The portions of a Bottomland Hardwood Forests s#thidowest in the floodplain, such as oxbow
lakes, are almost always flooded, except duringesinef extreme drought. Small Riverine
Swamp Forests often occur in these situationshénQoastal Plain, these pockets of standing
water support a canopy of baldcypress and wateldupyssa aquatich species adapted to life
in standing water and anoxic soil conditions. Querilevees receiving inputs of fine sediment, a
community of trees less adapted to inundation aildagoxia can prevail, such as black willow
(Salix nigrg. Slow accumulations in areas with soils which @né/ semi-permanently saturated
or inundated allow species such as overcup d@uelfcus lyraty water hickory Carya
aguaticg, and sweetgum to predominate (Batzer and Sh20@6, Hodges 1997). More rapid
accumulation of these fine sediments will support edm-ash-sugarberryCgltis laevigata
community. Deposition of sandy and loamy matenail favor boxelder Acer negundpand
sugarberry (Hodges 1997). SweetgunhiqQidambar syraciflup sycamore Rlatanus
occidentali$, swamp chestnut oak and cherry bark oak arecalsomon on these sites (Schafale
and Weakley 1990). Highly disturbed areas will mnpered by river birchBetula nigrg and as
these short-lived trees die back and the canopynsype transitory sweetgum, yellow poplar
(Liriodendron tulipiferg community can be found on the more well-drairfatsfand ridges. Old
floodplains, considered to be terraces, will exththe regional oak-hickory climax about 200
years after flooding and sedimentation cease (Hpd§87). Herbaceous Bottomland Hardwood
Forests species on levees are often dense anbetaduse of the higher elevation and fertile
deposits left behind by flooding. In North Carolindver oats Chasmanthium latifoliujn
bottlebrush grasE{ymus hystrix violets {iola spp.) sedges, particularGarexspp., and false
nettle Boehmeria cylindrica are most common (Schafale and Weakley 1990, aedki®y
2008). Other herbs found on these sites includas@mas fern Rolystichum acrostichoidgs
jack-in-the-pulpit Arisaema triphylluny and axillary goldenrodSplidago caesia These sites
often have a prominent vine community includingspai ivy, Virginia creeperRarthenocissus
qguinquefolig, cross-vine andmilaxspp. These areas are prone to invasion by Japatittse
grass and Japanese honeysuckle which can suppeesative herb layer (Schafale and Weakley
1990).

The Bottomland Hardwood Forests sites that wereesad in the Fishing Creek watershed
tended to have a canopy and sub-canopy dominatiéd American elm JImus Americang
sweet gum, red maplé¢er rubrum, American hornbeanCarpinus caroliniang, and tulip tree
(Liriodendron tulipiferg. Similar to the Schafale and Weakley’'s (1990)cdesion, non-natives
such as Japanese stilt-grass and Japanese horleyalarlg with Chinese privetLigustrum
sinensg were very common at the Fishing Creek sites, akiersites that did not have obvious
human impacts. Poison ivif@xicodendron radicasvas also prevalent especially at the more
disturbed sites.

Mature southern bottomland and swamp riverine coniti@s have a flora and fauna as diverse
as any in the continental United States. Especthligrse are the species of birds (water birds in
particular) that use these areas for wintering hrekding habitat and as stopovers during
migration. Diversity of trees in these bottomlant aiverine communities rival those of the

tropics, and mammals such as whitetail deer, beawdack bears, bobcats, and river otters use
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forested wetlands as their primary habitat. Ampnki and reptiles are plentiful and diverse,
especially frogs, toads, and salamanders who mequonded water of varying durations to
complete their life cycle (Kellison and Young 1997)

National wetland loss in the continental Unitedt&tahas been well documented, with over
116,000,000 acres-over half of all wetlands-beoxj kince the early seventeenth century (Dahl
and Johnson 1991). Regionally, from the mid-197Gh® mid-1980, 89 percent of national
wetland loss in the conterminous U.S. occurrechendoutheast. Of that percentage, 3.1 million
acres of southeastern forested wetlands were \Wit, 887,000 of those losses occurring in
North Carolina alone. In total, North Carolina lastotal of 1.2 million acres of wetlands of all
types over that time span, primarily for conversure to silvicultural and agricultural uses
(Hefner et al., 1994). According to The Nature Gaouancy (1992), from 1883-1991, the south
lost 77 percent (over 16,000,000) acres-of soutlBwtiomland Hardwood Forests. A NC
collaborative study by the NC Department of Tramsgimn, NC DENR, and Duke University
(Cashin et al, 1992) found that 51.35 of the NCstalgpalin wetlands had been impacted to such
an extent the original wetland function and value longer exitsed. Palustrine wetlands
experienced the greatest loss during this time drdore primarily to conversion to forestry and
agricultural land use (Cashin et al, 1992).

Historically, the major reason for the loss of Mo@arolina’s forested wetlands was due to
draining and cutting for agriculture and timber. Bye late 19-century, virtually all land
suitable for cultivation along the south’s largerers (which could include Riverine Swamp
Forests and Bottomland Hardwood Forests) had beewected to cropland. This practice held
until landowners and forestry managers realized ¢baversion to cropland was not the most
valuable use of these riverine systems. Among themefound efficiencies were pollution
removal, flood control, sediment retention, nutriegcling, and wildlife habitat provided by
these sponge-like riverine wetlands (Kellison amdiyg 1997).

Current and future threats to forested wetlandslanth Carolina are draining and clearing for
agriculture, development, roads, silviculture ofieres, timber harvesting and mining of
phosphate and other mineral products—the latteichased the loss and/or conversion of many
acres of wetlands in coastal North Carolina .

The Lockwood Folly River watershed is located ir af the fastest growing counties in the NC,
Brunswick County. This part of NC is located hakliywetween Wilmington and Myrtle Beach
and has been a popular area to develop golf coetisement communities. Brunswick County is
still relatively undeveloped; however, numerousctsaof land have been acquisitioned by
developers (Lockwood Folly River Watershed Stratelglyp://www.southeastwaterforum.org
ffiles/2-Stone%20-%20Lockwood%20Folly%20WatershePORirategry.pdf, 2009). The water
quality in the Lockwoods Folly watershed has desedasince the 1980s due to higher turbidity
and fecal coliform levels. Fecal coliform levelshish are typically associated with waste
products from warm blooded animals, have been erride. Increased ditching, urbanization,
and failing or poorly maintained septic tanks hals® had negative affects on turbidity and fecal
coliform levels in the Lockwood Folly River wateesh (Lockwood Folly River Round Table
Report, 2007). The rapid development and recemtedse in water quality have resulted in the



NC Ecosystem Enhancement Program targeting the iomdt Folly River watershed as a
priority for watershed planning.

The Fishing Creek Watershed (where the BottomlaatdWood Forests sites were located) is
currently a fairly undeveloped watershed other tthentown of Oxford. Low density housing is

interspersed with cropland and pastureland. FisBGirggk is a primary tributary of the Tar River

and has been rated as impaired by the NCDWQ dbhawimg a poor benthic community and is

currently on the 303(d) list of impaired waters.eTtondition of the Tar River can likely be

contributed to a combination of factors includihg Oxford wastewater treatment plant located
at the headwaters of Fishing Creek and urban rufiti® NC Department of Transportation is
also planning highway improvements in and aroundb@ix(N.C. State University Department

of Agricultural and Resource Economics, 2009). Ehelanned improvements and the existing
condition of the Tar River have prompted the NC dystem Enhancement Program (NC EEP)
to develop a watershed management plan for thengi€reek Watershed.

A major goal of local watershed plans is to locstteam and wetland restoration projects that
can provide mitigation credit while improving thenttion of the watershed. Watershed planning
also strives to educate and engage the public mcoueage developers to decrease development
density while maximizing areas where stormwater iciftrate groundwater or be treated thus
improving water quality (N.C. State University Dejpaent of Agricultural and Resource
Economics, Lockwood Folly River Round Table Rep@f07). The results from this research
can provide information on riverine wetland systdmshe NC EEP for both the Fishing Creek
and Lockwood Folly River watershed areas. This afalel baseline information can be used in
future watershed planning efforts by NC EEP.

Section 5.2 Riverine Swamp Forests: Results
Section 5.2.1 Riverine Swamp Forests: Summary ofCQWAM Results

Table 5.2.1-1 shows the metrics, IBls, water quatite parameter means, and site ORAM
scores that correlated with the NCWAM overall scared Hydrology, Water Quality, and
Habitat NCWAM Functions for Riverine Swamp Forest$e first column of Table 5.2.1-1
shows “Round” which refers to the pre (Round “1%)dapost (Round “2”) survey results.
Correlations with p-values that are < 0.05 and hawe0.5 are shown in bold red to show the
strongest relationships. The Riverine Swamp FAa¥€3tVAM habitat function and overall score
correlated well with two of the plant metrics ahe Riverine Swamp Forest Plant IBI (see Table
5.2.1-1). The NCWAM overall scores and the threecfions (habitat, hydrology, and water
quality [WQ]) had statistically significant corrélans with dicot cover (dicot coverage metric,
which is the relative percent cover of native dietb species). The NCWAM Habitat function
also correlated with pole timber density metrice(ttensity of poor quality timber in the 10-15
cm, 15-20 cm, and 20-25cm DBH size classes). Thbitdt function also correlated
significantly with the riverine plant IBI scoresolever, the pre-survey NCWAM results (round
1) had more significant correlations then the mostey NCWAM results (round 2). These
differences occurred with the habitat function etations with dicot cover and the Riverine
Swamp Forest plant IBI results which only corredatieiring round 1. The plant IBI results and
the habitat function correlation is a logical ctaten and makes sense, although this would be a
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better result if the correlation also occurred dgrihe round 2, post-survey analyses. The habitat
function had the strongest correlations with p-ealof <0.05. All of these correlations were in
the correct direction, positive correlations foe tRlant IBls and the dicot cover metric and
negative correlations for the pole timber densitgtnm. The NCWAM Overall Score, Water
Quality Function, and Habitat Function correlategakly with the dissolved oxygen site water
quality parameter and no other water quality patarse The ORAM site scores also correlated
with the Overall NCWAM Score, the Hydrology Functiand Water Quality Function at a p-
value < 0.05 for the Pearson’s correlation for bamtlinds. The Spearman’s Rho correlation had
weaker results with the same correlations as welvigh the Habitat Function (round 1 only).
The results of the two correlation analyses, SpaaisnRho and Pearson’s correlation, overall
produced similar results. There were no statidticalgnificant correlation results of any
NCWAM scores with any of the amphibian metrics, sbé parameters or with the Land Density
Index (LDI) scores.

These results evaluating NCWAM had were somewhsdpgtiointing since only a few of the
plant metrics and plant IBI correlated significgntlith the NCWAM rating scores as well as the
significant correlations with the ORAM site mearidowever, it is important to note that there
were only seven Riverine Swamp Forest sites thae weonitored in this study and that is a
small sample size for this type of evaluation. Aldee NCWAM ratings for these Riverine
Swamp Forests did not have much variability. Irbl€a2.2.1-1, all the scores for the water
guality function, the hydrology function, and theecall scores were all rated high with the
exception of one site. However the habitat funcidod vary more in that three sites had some
low and medium scores but there was still not gvaagbility, still the habitat function had the
most and strongest correlations. So it is alsdexti that not only was there a sample size
problem, but there needed to be more variabilitthen NCWAM ratings. In other words, there
need to be several sites that rated high and desitea that rated medium and several sites that
rated low to allow for a proper evaluation and lwation of NCWAM. Therefore, given the
small number of Riverine Swamp Forests from whievdl 11l data was collected and the lack
of variability in the NCWAM ratings, it could be gued that any statistically significant
correlations are encouraging and that with mora,dabre significant correlations could result.
In addition, note that two of these Riverine Swafprest sites (Lockwood and Mercer
Seawatch) are still being monitored and that maeeeL Il data are being collected and more
analysis with NCWAM will occur. The second is tlemore extensive evaluation of NCWAM
will be performed with a larger sample of Headwaéatlands (N=33) so this will provide better
evaluation of the dat@Wetland Functional Assessment: Expansion and eemaent of the
North Carolina Wetland Assessment Method, (NC WANant WL 9643505-1). Similarly a
more intensive analysis will probably be done udimg recently awarded Intensification Grant
(National Wetland Conditional Assessment Studyh&f Alabama, South Carolina and North
Carolina Wetlands [Southeast Wetlands Monitoring) Assessment]).
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Table 5.2.1-1 NCWAM Correlation with Level Il Significant Results for Riverine Swamp Forest Wetlands

NCWAM Total / -

IBI/ Metric/ Water Quality/

Round Wetland Type Eneon L2, L3 ORAM r Prob>| p| Analysis
1 Riverine Swamp Habitat-Function L2 ORAM Mean 0.8164 | 0.0251 Pearson's Correlation
1 Riverine Swamp Habitat-Function L2 ORAM Mean 0.6682 | 0.1009 | Spearman's Rho Correlation
1 Riverine Swamp Habitat-Function L2-WQ Dissolved Oxygen (%) | 0.6682 | 0.1009 | Spearman's Rho Correlation
1 Riverine Swamp Habitat-Function L2-WQ Dissolved Oxygen (%) | 0.6124 | 0.1438 | Spearman's Rho Correlation
2 Riverine Swamp Habitat-Function L2-WQ Dissolved Oxygen (%) | 0.6124 | 0.1438 | Spearman's Rho Correlation
Dissolved Oxygen
1 Riverine Swamp Habitat-Function L2-WQ (mg/L) 0.6682 | 0.1009 | Spearman's Rho Correlation
Dissolved Oxygen
1 Riverine Swamp Habitat-Function L2-WQ (mg/L) 0.6135 | 0.1429 Pearson's Correlation
Dissolved Oxygen
1 Riverine Swamp Habitat-Function L2-WQ (mg/L) 0.6124 | 0.1438 | Spearman's Rho Correlation
Dissolved Oxygen
2 Riverine Swamp Habitat-Function L2-WQ (mg/L) 0.6124 | 0.1438 | Spearman's Rho Correlation
1 Riverine Swamp Habitat-Function L3-Plants Dicot Cover 0.8018 | 0.0301 | Spearman's Rho Correlation
1 Riverine Swamp Habitat-Function L3-Plants Dicot Cover 0.7631 | 0.0460 Pearson's Correlation
1 Riverine Swamp Habitat-Function L3-Plants Pole Timber Density -0.7971 | 0.0318 Pearson's Correlation
1 Riverine Swamp Habitat-Function L3-Plants Pole Timber Density -0.7572 | 0.0487 | Spearman's Rho Correlation
1 Riverine Swamp Habitat-Function L3-Plants Plant IBI 0.7866 | 0.0359 | Spearman's Rho Correlation
1 Riverine Swamp Habitat-Function L3-Plants Plant IBI 0.6192 | 0.1381 Pearson's Correlation
1 Riverine Swamp | Hydrology -Function L2 ORAM Mean 0.7925 | 0.0336 Pearson's Correlation
2 Riverine Swamp | Hydrology -Function L2 ORAM Mean 0.7925 | 0.0336 Pearson's Correlation
1 Riverine Swamp Hydrology -Function L2 ORAM Mean 0.6124 | 0.1438 | Spearman's Rho Correlation
2 Riverine Swamp Hydrology -Function L2 ORAM Mean 0.6124 | 0.1438 | Spearman's Rho Correlation
1 Riverine Swamp Hydrology -Function | L3-Plants Dicot Cover 0.6552 | 0.1101 Pearson's Correlation
2 Riverine Swamp Hydrology -Function | L3-Plants Dicot Cover 0.6552 | 0.1101 Pearson's Correlation
1 Riverine Swamp Hydrology -Function | L3-Plants Dicot Cover 0.6124 | 0.1438 | Spearman's Rho Correlation
2 Riverine Swamp Hydrology -Function | L3-Plants Dicot Cover 0.6124 | 0.1438 | Spearman's Rho Correlation
NCWAM OverAll
1 Riverine Swamp Score L2 ORAM Mean 0.7925 | 0.0336 Pearson's Correlation
NCWAM OverAll
2 Riverine Swamp Score L2 ORAM Mean 0.7925 | 0.0336 Pearson's Correlation
NCWAM OverAll
1 Riverine Swamp Score L2 ORAM Mean 0.6124 | 0.1438 | Spearman's Rho Correlation
NCWAM OverAll
2 Riverine Swamp Score L2 ORAM Mean 0.6124 | 0.1438 | Spearman's Rho Correlation
1 Riverine Swamp | NCWAM Overall Score L2-WQ Dissolved Oxygen (%) | 0.6124 | 0.1438 | Spearman's Rho Correlation
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Table 5.2.1-1 NCWAM Correlation with Level Il Significant Results for Riverine Swamp Forest Wetlands

NCWAM Total / -

IBI/ Metric/ Water Quality/

Round Wetland Type Eneon L2, L3 ORAM r Prob>| p| Analysis

NCWAM Overall

2 Riverine Swamp Score L2-WQ Dissolved Oxygen (%) | 0.6124 | 0.1438 | Spearman's Rho Correlation
NCWAM Overall Dissolved Oxygen

1 Riverine Swamp Score L2-WQ (mg/L) 0.6124 | 0.1438 | Spearman's Rho Correlation
NCWAM Overall Dissolved Oxygen

2 Riverine Swamp Score L2-WQ (mg/L) 0.6124 | 0.1438 | Spearman's Rho Correlation
NCWAM OverAll

1 Riverine Swamp Score L3-Plants Dicot Cover 0.6552 | 0.1101 Pearson's Correlation
NCWAM OverAll

2 Riverine Swamp Score L3-Plants Dicot Cover 0.6552 | 0.1101 Pearson's Correlation
NCWAM OverAll

1 Riverine Swamp Score L3-Plants Dicot Cover 0.6124 | 0.1438 | Spearman's Rho Correlation
NCWAM OverAll

2 Riverine Swamp Score L3-Plants Dicot Cover 0.6124 | 0.1438 | Spearman's Rho Correlation

1 Riverine Swamp WQ Function L2-WQ Dissolved Oxygen (%) | 0.6124 | 0.1438 | Spearman's Rho Correlation

2 Riverine Swamp WQ Function L2-WQ Dissolved Oxygen (%) | 0.6124 | 0.1438 | Spearman's Rho Correlation

Dissolved Oxygen
1 Riverine Swamp WQ Function L2-WQ (mg/L) 0.6124 | 0.1438 | Spearman's Rho Correlation
Dissolved Oxygen

2 Riverine Swamp WQ Function L2-WQ (mg/L) 0.6124 | 0.1438 | Spearman's Rho Correlation

1 Riverine Swamp WQ -Function L2 ORAM Mean 0.7925 | 0.0336 Pearson's Correlation

2 Riverine Swamp WQ -Function L2 ORAM Mean 0.7925 | 0.0336 Pearson's Correlation

1 Riverine Swamp WQ -Function L2 ORAM Mean 0.6124 | 0.1438 | Spearman's Rho Correlation

2 Riverine Swamp WQ -Function L2 ORAM Mean 0.6124 | 0.1438 | Spearman's Rho Correlation

1 Riverine Swamp WQ -Function L3-Plants Dicot Cover 0.6552 | 0.1101 Pearson's Correlation

2 Riverine Swamp WQ -Function L3-Plants Dicot Cover 0.6552 | 0.1101 Pearson's Correlation

1 Riverine Swamp WQ -Function L3-Plants Dicot Cover 0.6124 | 0.1438 | Spearman's Rho Correlation

2 Riverine Swamp WQ -Function L3-Plants Dicot Cover 0.6124 | 0.1438 | Spearman's Rho Correlation

Bold Red = Probility £0.05, L2-Level 2, L3-Level 3, WQ-Water Quality




Section 5.2.2 Riverine Swamp Forests: Water QuajitResults and Discussion

Riverine Swamp Forests water quality samples wer@yaed for each parameter that was
collected. The summary of the 18 parameters foh s#e is shown in Table 5.2.2-1. The table
shows the mean and median for each water qualignpeter and then for each of the seven
Riverine Swamp Forests. The Mercer Seawatch awmévimod sites had the highest ammonia
levels. The Lockwood and Doe Creek sites had ifjieelst levels of calcium and for copper, the
Rourk site has the highest level. For dissolvegjex (DO), the Doe Creek site has the highest
level whereas the Winding River Townhouse site tiedlowest. The Lockwood site had the
highest level of dissolved organic carbon (DOC) #relWinding River Townhouse site had the
lowest. Mercer Seawatch and Rourk sites had fedéform levels quite a bit higher than the
other sites, and the same was true for the levidisad in the water samples. For magnesium,
the Lockwood site had the highest level and the Doeek site had the second highest levels;
both levels were quite a bit higher than the offi@s. The levels of Nitrate+Nitrite (NO2+NO3)
varied very little between sites. For pH, the Mer8eawatch site was the most acidic site and
the two Winding River sites were the next most mcid’he Rourk site had levels of phosphorus
quite large relative to the other sites. The Héwstdlife site and the two Winding River sites
had the lowest levels of phosphorus. Lockwood Bod Creek sites had specific conductivity
levels much larger that the other sites. Thiskisly associated with salt water intrusion as both
the Lockwood and Doe Creek sites are tidal siteshe Lockwood site also had the highest
levels of TKN while Mercer Seawatch and Rourk sitesl the next highest levels. For total
organic carbon (TOC), the highest levels were atRlourk site, while Lockwood and Mercer
Seawatch sites had the second highest levels. tofarsuspended residue (TSS), Lockwood,
Rourk, and Mercer Seawatch sites had the highestsle Water temperature was pretty equal
for six of the sites, but the Rourk site was atfout degrees Ccooler. For zinc, the Rourk site
had the highest level and the Mercer Seawatch, woold, and Doe Creek sites had the next
highest levels. With respect to the overall wajeslity, the Rourk, Mercer Seawatch and
Lockwood sites have the most problems with highelevof potential pollutants (metals,
nutrients, etc.) and the Hewitt Wildlife and thendling River sites had the best water quality.

Table 5.2.2-2 shows the same (site means and nspdiata but broken out by station location.
For the Riverine Swamp Forests, water samples taden at buffer locations, and at Up-River
and Down-River locations. One assumption would that water quality sould improve
(reduction in levels of metals and nutrients, faample) as water flows from the Up-River
station to the Down-River station. Generally itul also be assumed that the buffer should
have better water quality since water flows frospaewhat upland station toward the center of
the wetland. Table 5.2.2-3 shows the same dataymraged across sites. From observing the
table, it appears that copper is lower in the bufied down-river and higher in the up-river.
Dissolved Organic Carbon also appears to be lowemneriver and lower still in the buffer, with
the highest levels being, again, up-river. Lead @8KN have the same pattern, being lowest in
the buffer, and down-river being lower than up-rivdnterestingly, Fecal Coliform levels are
highest in the buffer, but the down-river is skilver than up-river. From the observation of
Table 5.2.2-3, there are several indications okewaquality improving as water flows down river
through the Riverine Swamp Forest.
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The statistical test, Analysis of Variance (ANOVaNd the Rank Sums tests (Kruskall-Wallis)
were performed on these data to determine statistignificance between the station locations
for the Riverine Swamp Forests. Parametric and-Remametric tests were performed for
completeness (to allow for some potential distidouproblems to be tested non-Parametrically),
so significant results from both test are notedsoAas previously noted, a p-value of 0.15 or
less is considered significant. Ammonia was dta#iBly significant (Kruskall-Wallis, p=0.0116)
with the lowest levels in the buffer and the dowrer being lower that the up-river. Dissolved
oxygen (DO, percent) was also statistically siguaifit (Kruskall-Wallis, p=0.1075 and ANOVA,
p=0.0933) as was DO mg/L (Kruskall-Wallis, p=0.12NOVA, p=0.0985). The DO was
highest in the buffer regions with the up-river atwvn-river being about the same. DOC was
lowest in the buffer and the down-river was lowbkart the up-river and was statistically
significant (Kruskall-Wallis, p=0.018, ANOVA, p=0Qa7). Phosphorus was statistically
significant (Kruskall-Wallis, p=0.0247) with the tber and down-river being lower than up-
river. The levels of TKN were lower in the buffend down-river with the highest level being
up-river and this difference was again statisticaignificant (Kruskall-Wallis, p=0.0351). Total
Organic Carbon was also lower in the buffer and mower and higher up-river and was
statistically significant, (Kruskall-Wallis, p=0.28, ANOVA, p=0.1263). Finally, zinc levels
were statistically significant (Kruskall-Wallis, p0511) with lower levels in the down-river and
buffer. All of the results for ammonia, DO, DOgsphorus, TKN, TOC, and zinc showed
lower levels down-river indicating that water quyalis improving as water flows downstream
past and through the Riverine Swamp Forest. Tweratesults are of note. The pH was lower
in the buffer (more acidic) whereas the up-rived down-river were about the same (still acidic,
but less) [and was statistically significant (KraBRWVallis, p=0.0885, ANOVA, p=0.0454)].
Magnesium was highest down-river and lower in théfdv and up-river and was statistically
significant (Kruskall-Wallis, p=0.1367). This rdsis somewhat inconsistent with the other
results in that the levels were higher downstrelaan upstream, but was marginally significant.

In summary, these results show that there are alewater quality parameters for Riverine
Swamp Forest that shows significant changes frostre@m locations to downstream locations
which indicate a significant reduction in certaiallptants. This result is an example of one
ecosystem service that is provided by this typeavefland. As previously noted the Rourk,
Mercer Seawatch and Lockwood sites have the magilems with high levels of potential
pollutants (metals, nutrients, etc.) and were nmotdensely populated or even particularly
developed areas. The Rourk site was the mosindlistam development of all the sites and the
Mercer Seawatch site was in an area where develtpnas just beginning. The Lockwood site
was near a busy intersection of NC 211 and US Jichwhiould probably account for some of its
water quality problems. The Hewitt Wildlife andetiwinding River sites had the best water
quality. The Hewitt Wildlife site is located inmature preserve (land easement by the landowner
with the Carolina Coastal Land Trust), however, Wiading River sites were in the middle of
an established development with the same names Wdilld be an indication that wetlands can
still be functional and be in good condition ingtlype of residential development. These results
indicate the location (alone) of these sites do ampear to control water quality in these
wetlands.



Table 5.2.2-1 Lockwood Folly Riverine Swamp Forest Water Quality Mean and Median

Results by site.

Site Name N Parameter Mean | Median Units
Doe Creek 17 Ammonia 0.15 0.02 mg/L
Hewett Wildlife 17 Ammonia 0.17 0.02 mg/L
Lockwood 21 Ammonia 0.83 0.52 mg/L
Mercer Seawatch 23 Ammonia 0.73 0.02 mg/L
Rourk 5 Ammonia 0.17 0.06 mg/L
Winding River Pond 16 Ammonia 0.06 0.02 mg/L
Winding River

Townhouse 10 Ammonia 0.04 0.02 mg/L
Doe Creek 17 Calcium 82.06 55 mg/L
Hewett Wildlife 17 Calcium 31.58 32 mg/L
Lockwood 21 Calcium 122.76 95 mg/L
Mercer Seawatch 23 Calcium 36.83 20 mg/L
Rourk 5 Calcium 49.8 29 mg/L
Winding River Pond 16 Calcium 38.14 27.75 mg/L
Winding River

Townhouse 10 Calcium 21.11 22.5 mg/L
Doe Creek 17 Copper 13.38 2 ug/L
Hewett Wildlife 17 Copper 4.94 2 ug/L
Lockwood 21 Copper 18.33 11 ug/L
Mercer Seawatch 23 Copper 13.72 2.4 ug/L
Rourk 5 Copper 52.1 28 ug/L
Winding River Pond 16 Copper 5.37 2 ug/L
Winding River

Townhouse 10 Copper 5.24 2 ug/L
Doe Creek 14 | Dissolved Oxygen (%) 48.31 49.9 %
Hewett Wildlife 17 | Dissolved Oxygen (%) 23.9 14 %
Lockwood 18 | Dissolved Oxygen (%) 25.78 11.85 %
Mercer Seawatch 22 Dissolved Oxygen (%) 33.96 37.7 %
Rourk 5 Dissolved Oxygen (%) 13.36 10.3 %
Winding River Pond 13 | Dissolved Oxygen (%) 22.65 14.1 %
Winding River

Townhouse 8 Dissolved Oxygen (%) 9.74 9.35 %
Doe Creek 14 | Dissolved Oxygen (mg/L) 4.74 4.3 mg/L
Hewett Wildlife 17 | Dissolved Oxygen (mg/L) 2.98 1.8 mg/L
Lockwood 18 | Dissolved Oxygen (mg/L) 2.75 1.25 mg/L
Mercer Seawatch 22 | Dissolved Oxygen (mg/L) 3.56 4 mg/L
Rourk 5 | Dissolved Oxygen (mg/L) 1.47 1.3 mg/L
Winding River Pond 13 | Dissolved Oxygen (mg/L) 2.44 1.34 mg/L
Winding River

Townhouse 8 | Dissolved Oxygen (mg/L) 1.04 0.9 mg/L
Doe Creek 17 DOC 12.78 11 mg/L
Hewett Wildlife 17 DOC 14.03 13 mg/L
Lockwood 21 DOC 22.22 18 mg/L
Mercer Seawatch 23 DOC 13.58 10 mg/L
Rourk 3 DOC 11.03 12 mg/L
Winding River Pond 16 DOC 18.61 15.5 mg/L
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Table 5.2.2-1 Lockwood Folly Riverine Swamp Forest Water Quality Mean and Median

Results by site.

Site Name N Parameter Mean | Median Units
Winding River
Townhouse 10 DOC 10.15 7.9 mg/L
CFU/100
Doe Creek 17 Fecal Colliform 524.12 140 ml
CFU/100
Hewett Wildlife 17 Fecal Colliform 430.65 96 ml
CFU/100
Lockwood 21 Fecal Colliform 738.05 160 m|
CFU/100
Mercer Seawatch 23 Fecal Colliform 6955.52 20 ml
CFU/100
Rourk 5 Fecal Colliform 8411.8 2000 ml
CFU/100
Winding River Pond 16 Fecal Colliform 1192.13 600 mi
Winding River CFU/100
Townhouse 10 Fecal Colliform 464.3 345 m|
Doe Creek 17 Lead 19.06 10 ug/L
Hewett Wildlife 17 Lead 20.59 10 ug/L
Lockwood 21 Lead 39 10 ug/L
Mercer Seawatch 23 Lead 62.04 10 ug/L
Rourk 5 Lead 101.4 21 ug/L
Winding River Pond 16 Lead 28.06 10 ug/L
Winding River
Townhouse 10 Lead 15.9 10 ug/L
Doe Creek 17 Magnesium 45.78 5.8 mg/L
Hewett Wildlife 17 Magnesium 2.62 2.4 mg/L
Lockwood 21 Magnesium 151.29 110 mg/L
Mercer Seawatch 23 Magnesium 5.64 2.6 mg/L
Rourk 5 Magnesium 16.08 17 mg/L
Winding River Pond 16 Magnesium 3.15 2.35 mg/L
Winding River
Townhouse 10 Magnesium 3.69 1.6 mg/L
Doe Creek 17 NO2+NO3 0.06 0.02 mg/L
Hewett Wildlife 17 NO2+NO3 0.02 0.02 mg/L
Lockwood 21 NO2+NO3 0.03 0.02 mg/L
Mercer Seawatch 23 NO2+NO3 0.02 0.02 mg/L
Rourk 5 NO2+NO3 0.04 0.02 mg/L
Winding River Pond 16 NO2+NO3 0.03 0.02 mg/L
Winding River
Townhouse 10 NO2+NO3 0.04 0.02 mg/L
Doe Creek 17 pH 6.31 6.25 S.U.
Hewett Wildlife 17 pH 6.15 6.14 S.U.
Lockwood 21 pH 6.1 6.16 S.U.
Mercer Seawatch 23 pH 4.84 4.7 S.U.
Rourk 5 pH 5.97 5.98 S.U.
Winding River Pond 16 pH 5.57 5.73 S.U.
Winding River
Townhouse 10 pH 5.52 5.91 S.U.




Table 5.2.2-1 Lockwood Folly Riverine Swamp Forest Water Quality Mean and Median

Results by site.

Site Name N Parameter Mean | Median Units
Doe Creek 17 Phosphorus 0.83 0.16 mg/L
Hewett Wildlife 17 Phosphorus 0.37 0.11 mg/L
Lockwood 21 Phosphorus 1.23 0.36 mg/L
Mercer Seawatch 23 Phosphorus 1.11 0.29 mg/L
Rourk 5 Phosphorus 2.59 2.4 mg/L
Winding River Pond 16 Phosphorus 0.48 0.13 mg/L
Winding River
Townhouse 10 Phosphorus 0.59 0.16 mg/L
Doe Creek 14 Specific Conductivity 2404.73 | 243.25 uS/cm
Hewett Wildlife 17 Specific Conductivity 197.08 215 uS/cm
Lockwood 18 Specific Conductivity 5767.54 | 4005 uS/cm
Mercer Seawatch 20 Specific Conductivity 91.09 58.05 uS/cm
Rourk 5 Specific Conductivity 261.82 267 uS/cm
Winding River Pond 13 Specific Conductivity 172.14 197.2 uS/cm
Winding River
Townhouse 8 Specific Conductivity 124.49 | 116.05 uS/cm
Doe Creek 17 TKN 1.33 1 mg/L
Hewett Wildlife 17 TKN 1.41 0.83 mg/L
Lockwood 21 TKN 21.64 3.5 mg/L
Mercer Seawatch 23 TKN 12.8 2.4 mg/L
Rourk 5 TKN 6.26 4.2 mg/L
Winding River Pond 16 TKN 1.38 1.25 mg/L
Winding River
Townhouse 10 TKN 1.17 0.85 mg/L
Doe Creek 20 TOC 134.25 18.5 mg/L
Hewett Wildlife 17 TOC 65.2 20 mg/L
Lockwood 21 TOC 474.67 52 mg/L
Mercer Seawatch 23 TOC 390.71 84 mg/L
Rourk 3 TOC 533.33 570 mg/L
Winding River Pond 19 TOC 73.89 24 mg/L
Winding River
Townhouse 12 TOC 76.44 14 mg/L
Total Suspended
Doe Creek 17 Residue 350.41 37 mg/L
Total Suspended
Hewett Wildlife 17 Residue 256.13 8.8 mg/L
Total Suspended
Lockwood 21 Residue 1048.24 181 mg/L
Total Suspended
Mercer Seawatch 23 Residue 1276.54 365 mg/L
Total Suspended
Rourk 5 Residue 1420 1500 mg/L
Total Suspended
Winding River Pond 16 Residue 514.27 32.5 mg/L
Winding River Total Suspended
Townhouse 10 Residue 538.84 48.5 mg/L
Doe Creek 17 Water, Temperature 16.78 15.5 oC
Hewett Wildlife 17 Water, Temperature 16.75 17.5 oC
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Table 5.2.2-1 Lockwood Folly Riverine Swamp Forest Water Quality Mean and Median

Results by site.

Site Name N Parameter Mean | Median Units
Lockwood 23 Water, Temperature 17.65 19.5 oC
Mercer Seawatch 23 Water, Temperature 16.71 15.5 oC
Rourk 5 Water, Temperature 12 10.3 oC
Winding River Pond 16 Water, Temperature 16.53 16.75 oC
Winding River

Townhouse 10 Water, Temperature 16.09 17.3 oC
Doe Creek 18 Zinc 59.06 12.5 ug/L
Hewett Wildlife 17 Zinc 26.47 10 ug/L
Lockwood 21 Zinc 62.43 17 ug/L
Mercer Seawatch 23 Zinc 67.39 12 ug/L
Rourk 5 Zinc 118.4 64 ug/L
Winding River Pond 16 Zinc 29.94 10 ug/L
Winding River

Townhouse 10 Zinc 37.9 10 ug/L




Table 5.2.2-2 Lockwood Folly Riverine Swamp Forest Water Quality Mean Results by Station within

Site.
Up Down
Buffer River N River
. N - Station | N-Up | Station | Down | Station
Site Name Parameter Buffer | Mean | River | Mean | River | Mean Units
Doe Creek Ammonia 5 0.06 6 0.04 6 0.34 mg/L
Hewett Wildlife Ammonia 5 0.46 6 0.03 6 0.07 mg/L
Lockwood Ammonia 6 0.13 6 1.53 9 0.84 mg/L
Mercer Seawatch Ammonia 9 0.02 8 2.06 6 0.04 mg/L
Rourk Ammonia . . 4 0.2 1 0.06 mg/L
Winding River Pond Ammonia 5 0.03 5 0.04 6 0.11 mg/L
Winding River Townhouse Ammonia . . 4 0.06 6 0.02 mg/L
Doe Creek Calcium 5 55.4 6 92.17 6 94.17 mg/L
Hewett Wildlife Calcium 5 354 6 30.8 6 29.17 mg/L
Lockwood Calcium 6 113.7 6 143.8 9 114.8 | mg/L
Mercer Seawatch Calcium 9 1.11 8 44.63 6 80 mg/L
Rourk Calcium . . 4 57 1 21 mg/L
Winding River Pond Calcium 5 71 5 17.64 6 27.83 mg/L
Winding River Townhouse Calcium . . 4 13.53 6 26.17 mg/L
Doe Creek Copper 5 18.1 6 7.83 6 15 ug/L
Hewett Wildlife Copper 5 114 6 2.5 6 2 ug/L
Lockwood Copper 6 13.98 6 20.52 9 19.78 ug/L
Mercer Seawatch Copper 9 2 8 21.88 6 20.42 ug/L
Rourk Copper . . 4 63.1 1 8.1 ug/L
Winding River Pond Copper 5 11.24 5 3.54 6 2 ug/L
Winding River Townhouse Copper . . 4 10.1 6 2 ug/L
Doe Creek Dissolved Oxygen (%) 4 33.65 5 74.38 5 33.98 %
Hewett Wildlife Dissolved Oxygen (%) 5 14.24 6 32.55 6 23.3 %
Lockwood Dissolved Oxygen (%) 5 57.08 5 4.9 8 19.26 %
Mercer Seawatch Dissolved Oxygen (%) 9 44.39 8 21.16 5 35.66 %
Rourk Dissolved Oxygen (%) . . 4 12.63 1 16.3 %
Winding River Pond Dissolved Oxygen (%) 4 31.83 4 12.55 5 23.4 %
Winding River Townhouse Dissolved Oxygen (%) . . 3 8.13 5 10.7 %
Doe Creek Dissolved Oxygen (mg/L) 4 3.88 5 6.52 5 3.65 mg/L
Hewett Wildlife Dissolved Oxygen (mg/L) 5 2.05 6 3.42 6 3.33 mg/L
Lockwood Dissolved Oxygen (mg/L) 5 6.11 5 0.5 8 2.05 mg/L
Mercer Seawatch Dissolved Oxygen (mg/L) 9 4.3 8 2.81 5 3.42 mg/L
Rourk Dissolved Oxygen (mg/L) . . 4 1.43 1 1.6 mg/L
Winding River Pond Dissolved Oxygen (mg/L) 4 3.53 4 1.31 5 2.49 mg/L
Winding River Townhouse | Dissolved Oxygen (mg/L) . . 3 0.83 5 1.16 mg/L
Doe Creek DOC 5 13 6 12.2 6 13.18 | mg/L
Hewett Wildlife DOC 5 16.69 6 12.68 6 13.15 | mg/L
Lockwood DOC 6 16.1 6 33.33 9 18.89 | mg/L
Mercer Seawatch DOC 9 6.06 8 22.5 6 12.98 mg/L
Rourk DOC . . 3 11.03 . . mg/L
Winding River Pond DOC 5 8.94 5 33.4 6 14.33 | mg/L
Winding River Townhouse DOC 4 8 6 11.58 mg/L
CFU/100
Doe Creek Fecal Colliform 5 201.6 6 1038 6 279.2 ml
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Table 5.2.2-2 Lockwood Folly Riverine Swamp Forest Water Quality Mean Results by Station within

Site.
Up Down
Buffer River N River
. N - Station | N-Up | Station | Down | Station
Site Name Parameter Buffer | Mean | River | Mean | River | Mean Units
CFU/100
Hewett Wildlife Fecal Colliform 5 413.2 6 230.2 6 645.7 ml
CFU/100
Lockwood Fecal Colliform 6 490.8 6 1197 9 597.1 ml
CFU/100
Mercer Seawatch Fecal Colliform 9 16718 8 577.8 6 815 ml
CFU/100
Rourk Fecal Colliform 4 10500 1 59 ml
o ] ] CFU/100
Winding River Pond Fecal Colliform 5 1089 5 1494 6 1027 ml
CFU/100
Winding River Townhouse Fecal Colliform . . 4 440 6 480.5 ml
Doe Creek Lead 5 19.4 6 18.17 6 19.67 ug/L
Hewett Wildlife Lead 5 46 6 10 6 10 ug/L
Lockwood Lead 6 12.5 6 50.33 9 49.11 ug/L
Mercer Seawatch Lead 9 10 8 129 6 50.83 ug/L
Rourk Lead . . 4 116.8 1 40 ug/L
Winding River Pond Lead 5 41 5 36.8 6 10 ug/L
Winding River Townhouse Lead . . 4 24.75 6 10 ug/L
Doe Creek Magnesium 5 4.16 6 60.83 6 65.4 mg/L
Hewett Wildlife Magnesium 5 3.03 6 2.2 6 2.7 mg/L
Lockwood Magnesium 6 174.1 6 149.3 9 137.4 | mg/L
Mercer Seawatch Magnesium 9 1.17 8 7.98 6 9.23 mg/L
Rourk Magnesium . . 4 17.1 1 12 mg/L
Winding River Pond Magnesium 5 4.46 5 2.74 6 2.4 mg/L
Winding River Townhouse Magnesium . . 4 6.95 6 1.52 mg/L
Doe Creek NO2+NO3 5 0.04 6 0.05 6 0.08 mg/L
Hewett Wildlife NO2+NO3 5 0.02 6 0.02 6 0.02 mg/L
Lockwood NO2+NO3 6 0.03 6 0.02 9 0.03 mg/L
Mercer Seawatch NO2+NO3 9 0.02 8 0.03 6 0.02 mg/L
Rourk NO2+NO3 . . 4 0.04 1 0.02 mg/L
Winding River Pond NO2+NO3 5 0.04 5 0.02 6 0.02 mg/L
Winding River Townhouse NO2+NO3 . . 4 0.06 6 0.02 mg/L
Doe Creek pH 5 5.92 6 6.57 6 6.37 S.U.
Hewett Wildlife pH 5 6.01 6 6.15 6 6.27 S.U.
Lockwood pH 6 5.87 6 6.15 9 6.23 S.U.
Mercer Seawatch pH 9 4.12 8 5.72 6 4.73 S.U.
Rourk pH . . 4 5.88 1 6.31 S.U.
Winding River Pond pH 5 6.07 5 4.74 6 5.85 S.U.
Winding River Townhouse pH . . 4 5.22 6 5.72 S.U.
Doe Creek Phosphorus 5 1.11 6 0.34 6 1.09 mg/L
Hewett Wildlife Phosphorus 5 0.87 6 0.15 6 0.18 mg/L
Lockwood Phosphorus 6 0.35 6 2.33 9 1.09 mg/L
Mercer Seawatch Phosphorus 9 0.06 8 2.06 6 1.42 mg/L
Rourk Phosphorus . . 4 2.63 1 2.4 mg/L
Winding River Pond Phosphorus 5 0.99 5 0.39 6 0.12 mg/L
Winding River Townhouse Phosphorus 4 1.26 6 0.14 mg/L
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Table 5.2.2-2 Lockwood Folly Riverine Swamp Forest Water Quality Mean Results by Station within

Site.
Up Down
Buffer River N River
N - Station | N-Up | Station | Down | Station
Site Name Parameter Buffer | Mean | River | Mean | River | Mean Units
Doe Creek Specific Conductivity 4 264.3 5 3639 5 2883 | uS/cm
Hewett Wildlife Specific Conductivity 5 192.2 6 193.1 6 205.2 | uS/cm
Lockwood Specific Conductivity 5 6353 5 5142 8 5792 | uS/cm
Mercer Seawatch Specific Conductivity 8 50.09 7 163.4 5 55.46 | uS/cm
Rourk Specific Conductivity . . 4 260.5 1 267 uS/cm
Winding River Pond Specific Conductivity 4 219.4 4 114.2 5 180.7 | uS/cm
Winding River Townhouse Specific Conductivity . . 3 85.73 5 147.7 | uS/cm
Doe Creek TKN 5 1.51 6 1.25 6 1.27 mg/L
Hewett Wildlife TKN 5 2.18 6 1.01 6 1.17 mg/L
Lockwood TKN 6 3.95 6 65.6 9 412 mg/L
Mercer Seawatch TKN 9 0.57 8 6.85 6 39.07 mg/L
Rourk TKN . . 4 6.78 1 4.2 mg/L
Winding River Pond TKN 5 1.08 5 2.14 6 0.98 mg/L
Winding River Townhouse TKN . . 4 1.85 6 0.71 mg/L
Doe Creek TOC 6 208.7 7 97.54 7 107.2 | mg/L
Hewett Wildlife TOC 5 176.5 6 18.15 6 19.5 mg/L
Lockwood TOC 6 62.33 6 1315 9 189.4 | mg/L
Mercer Seawatch TOC 9 93.27 8 588 6 573.8 | mg/L
Rourk TOC . . 3 533.3 . . mg/L
Winding River Pond TOC 6 157.2 6 55.67 7 18.14 mg/L
Winding River Townhouse TOC . . 5 163.3 7 14.39 mg/L
Doe Creek Total Suspended Residue 5 534.5 6 130.8 6 416.7 | mg/L
Hewett Wildlife Total Suspended Residue 5 795 6 26.2 6 37.03 | mg/L
Lockwood Total Suspended Residue 6 176.2 6 2451 9 694.4 mg/L
Mercer Seawatch Total Suspended Residue 9 124.9 8 574.7 6 3940 mg/L
Rourk Total Suspended Residue . . 4 1400 1 1500 mg/L
Winding River Pond Total Suspended Residue 5 1330 5 264.2 6 42.75 mg/L
Winding River Townhouse | Total Suspended Residue . . 4 1308 6 25.9 mg/L
Doe Creek Water, Temperature 5 13.72 6 19.32 6 16.78 oC
Hewett Wildlife Water, Temperature 5 13.82 6 17.97 6 17.98 oC
Lockwood Water, Temperature 7 14.99 7 20.23 9 17.71 oC
Mercer Seawatch Water, Temperature 9 17.68 8 15.7 6 16.6 oC
Rourk Water, Temperature . . 4 12.75 1 9 oC
Winding River Pond Water, Temperature 5 15.8 5 15.98 6 17.6 oC
Winding River Townhouse Water, Temperature . . 4 15.18 6 16.7 oC
Doe Creek Zinc 5 88.4 6 41.5 7 53.14 ug/L
Hewett Wildlife Zinc 5 61.4 6 115 6 12.33 ug/L
Lockwood Zinc 6 14 6 91.67 9 75.22 ug/L
Mercer Seawatch Zinc 9 10 8 149.3 6 44.33 ug/L
Rourk Zinc . . 4 141.3 1 27 ug/L
Winding River Pond Zinc 5 68.4 5 15.4 6 10 ug/L
Winding River Townhouse Zinc 4 79.5 6 10.17 ug/L
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Table 5.2.2-3 Lockwood Folly Riverine Swamp Forest: Water Quality Means by Station Location

Parameter N | Mean (Buffer) Mean (Down River) Mean (Up River)
Ammonia (mg/L) 109 0.123 0.277 0.698
Calcium (mg/L) 109 50.034 64.950 59.695
Copper (ug/L) 109 10.187 10.865 17.196
Dissolved Oxygen (%) 97 37.704 23.683 25.317
Dissolved Oxygen (mg/L) 97 4.039 2.617 2.615
DOC (mg/L) 107 11.475 14.394 20.037
Fecal Colliform (CFU/100 ml) 109 5397.567 622.925 1811.256
Lead (ug/L) 109 23.233 27.125 57.769
Magnesium (mg/L) 109 37.111 43.413 37.115
NO2+NO3 (mg/L) 109 0.028 0.031 0.033
pH (S.U.) 109 5.409 5.898 5.825
Phosphorus (mg/L) 109 0.585 0.749 1.304
Specific Conductivity (uS/cm) 95 1348.596 1833.437 1410.679
TKN (mg/L) 109 1.759 7.514 13.003
TOC (mg/L) 115 134.088 148.640 393.544
Total Suspended Residue (mg/L) 109 515.977 863.078 830.744
Water, Temperature (oC) 111 15.506 17.060 17.063
Zinc (ug/L) 110 42.167 37.488 77.487

Section 5.2.3 Riverine Swamp Forests: Hydrology Reks and Discussion

Hydrographs for the Riverine Swamp Forests at theklvood Folly River watershed are shown
in Figures 5.2.3-1 thru 5.2.3-13. The hydrogragisw the electronic depth of the water in the
well, where zero on the y-axis is the bottom of wedl as measured by the transducer. The red
line on the hydrograph indicates ground level drelldlue line on the hydrograph indicates one
foot below the surface for the Riverine Swamp Folngslrographs. As the water level increases,
it approaches the surface as indicated by the survBurface ground levels varied slightly
between the sites, but were generally at about®ih¢hes as shown on the graphs. Some gaps
in the data exist that are caused by technicaicdlffes with the transducers or errors in
downloading the data. Six of the seven sites axdutomated transducers, one located up-
river (up-flow) and one located down-river (dowoyl). The Winding River Townhouse site
had only one automated transducer. The Doe Crggiofraphs are shown in Figures 5.2.3-1
and 2, for the down flow and up flow. The pattbatween the two hydrographs is very similar,
with the lower levels being during the summer merdind the higher levels during the winter
months. The Hewitt site had much less variabilitgn the Doe Creek site (see Figures 5.2.3-4
and 5) and did not show any seasonal pattern,tla¢reof the transducers. The Hewitt site
always had high water levels and was influenceddnver dams. The Lockwood site also did
not show a seasonal pattern (see Figures 5.2.3i%pm@and generally had high water levels.
However, there were differences between the dower-and up-river transducers. The up-river
transducer had more variability in the water deptihere the down-river transducer had very
consistent water depth. The Mercer Seawatch s#e Figures 5.2.3-7 and 8) also did not show
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a seasonal pattern and the two transducers (up-@logv down-flow) were fairly consistent.
There was no seasonal pattern at the Rourk site (&dgures 5.2.3-9 and 10), and the two
transducers were also very similar with consisteater levels. The Winding River Pond site
(see Figures 5.2.3-11 and 12) also showed no salagattern and was very consistent between
the two transducers. This site also was influertmebteavers. The Winding River Townhouse
site was just across a residential road and dovearst from the Winding River Pond site. In
Figure 5.2.3-13, this site also did not displagas®nal pattern and was also very consistent with
the Winding River Pond water levels.

Table 5.2.3-1 shows the percent of the time theemdé¢pth at each site was within one foot of
the surface. The second column is for the growsegson. The Riverine Swamp Forest
averaged just over 90% within one foot of the stefduring the growing season with the range
being from 25.7% at the Doe Creek site to 100%HerHewitt (down-river), Lockwood (down-
river), Mercer (down-river), and Winding River Podbwn-river and up-river).

Hydrographs for the Riverine Swamp Forest at thekivwod Folly River watershed showed no
seasonal variation except for the Doe Creek siteeaen that site did not exhibit a strong trend.
The Riverine Swamp Forests generally have veryistamd high water levels throughout the
year with trends being more daily that seasonabe @reek and Lockwood were tidal and
Mercer Seawatch had some tidal influence alsotdatlesser degree.
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Down Flow

Figure 5.2.3 -1 Riverine Swamp Forest -- Doe Creek:
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Up Flow

Figure 5.2.3 -2 Riverine Swamp Forest -- Doe Creek:
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Figure 5.2.3 -3 Riverine Swamp Forest -- Hewett: D own Flow
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Figure 5.2.3 -4 Riverine Swamp Forest -- Hewett: U p Flow
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Down Flow

Figure 5.2.3 -5 Riverine Swamp Forest -- Lockwood:
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Up Flow

Figure 5.2.3 -6 Riverine Swamp Forest -- Lockwood:
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D own Flow

Figure 5.2.3 -7 Riverine Swamp Forest -- Mercer:
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Figure 5.2.3 -8 Riverine Swamp Forest -- Mercer: U p Flow
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Figure 5.2.3 -9 Riverine Swamp Forest -- Rourk: Do  wn Flow
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Figure 5.2.3 -10 Riverine Swamp Forest -- Rourk: U p Flow
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iver Pond: Down Flow

Figure 5.2.3 -11 Riverine Swamp Forest -- Winding R
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iver Pond: Up Flow

Figure 5.2.3 -12 Riverine Swamp Forest -- Winding R

|
LM
3

6002/10/T0
1-8002/TO/TT
1-8002/T0/60
1-8002/T0/20
1-8002/T0/S0

(0]
-8002/T0/£0 m
1-8002/T0/TO
L-/002/TO/TT
|-/002/10/60

~.,00¢/T0/L0

200¢/10/S0

<

™ N
(1 wot) Buipeay
yidaq o1uon293

—

o

Top Horizontal Red Line is Ground Surface Level, Blue Line is One Foot Mark Below Surface

11C



Figure 5.2.3 -13 Riverine Swamp Forest -- Winding R iver Townhouse
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Table 5.2.3-1 Riverine Swamp Forest — Water Depth:
percent within One Foot of Surface

Percent within
Percent one foot of

within one surface -

foot from growing

Site / Well Station surface season

Doe Creek / Down 90.5 85.1
Doe Creek / Up 50.3 25.7
Hewitt / Down 100.0 100.0
Hewitt / Up 99.9 99.8
Lockwood / Down 100.0 100.0
Lockwood / Up 96.2 95.0
Mercer / Down 100.0 100.0
Mercer / Up 91.0 90.5
Rourk / Down 98.6 98.2
Rourk / Up 91.2 88.3
Winding River Pond / Down 100.0 100.0
Winding River Pond / Up 100.0 100.0

Winding River Townhouse /

Down 96.8 95.6
Mean 93.4 90.6

Section 5.2.4 Riverine Swamp Forests: Soil Resulisd Discussion

When soil samples were taken from each site (inawdtand upland locations), texture and soil
color was recorded. Each soil core sample wastekt a bucket augur and was laid out on the
surface. Different layers/horizons were measueed, each layer/horizon was then compared
with the Munsell soil color chart to determine thes, chroma, and value. Soil texture was also
determined in terms of the clay, silt, sandy omoaontent of the soil. These results are shown
in Table E-1 in Appendix E for the Riverine Swangrést in the Lockwood Folly watershed.

For the Doe Creek site, the soil was primarily ackngoil with the deeper layers becoming
sandier. The Hewitt site was primarily a muck eetmeeper levels. A couple of the sample
cores did find sandier soil at the deeper lev8lsil at the Lockwood site was again a muck soil
even at the deeper levels. Some of the sample diddind a loamy sand soil. Soil samples at
the Mercer Seawatch site were more varied with rab#te samples being a muck mixture with
loam and sand. Rourk had an organic muck soilldeweels with one sample finding some

sandy muck and a loamy sand at the deepest leMaé Winding River Pond site also had a
muck soil but with a lot more sand and sandy loaspgecially at the deeper levels. The Winding
River Townhouse site (which was down river form ¥ending River Pond site) had more

organic muck soil with the deeper levels becomimmgarof a sandy loam.

Overall the soil texture of the Riverine Swamp Btsein the Lockwood Folly watershed was
primarily a muck, often organic, but several sitkesl sandier soils at the deeper levels. The
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Munsell soil color of these wetland soils was vdark with 10YR 2/1 and 10YR 3/1 being
typical.

Soil samples were collected in the wetland (usu@lly to six samples) and up to four samples
were collected in the uplands surrounding the wetlésee Soils Field Methodology, section
4.3). Table 5.2.4-1 shows the means for all ofsihi€parameters for each riverine swamp forest
site for the upland samples and wetland samplete @hat no upland samples were collected at
the Winding River sites, due to the need to haveample in mowed lawns). Table 5.2.4-2
shows the mean results for the upland samplestanavétland samples averaged across sites.
From Table 5.2.4-1, the percent humic matter ifidrign the wetland and lower in the upland as
would be expected. The Winding River Pond and EleBeawatch sites had the highest levels
of percent humic matter. The weight per volumenizre in the upland. The Doe Creek and
Winding River Townhouse sites had the largest wepgh volume with Lockwood and Winding
River Townhouse sites next. The cation exchangaaty (CEC) is four times higher in the
wetland than the upland indicating the wetlandigyéa capacity to hold plant nutrients. The
Hewitt Wildlife site had the highest levels of CB@th the Rourk, Mercer Seawatch, and
Lockwood sites having the next highest levels of CCEAs would be expected, the base
saturation is much higher in the wetland. The Loo&d site had the highest level of percent
base saturation whereas the Winding River Pondhsitethe lowest. While the pH is a little
higher in the wetland, the Ac (exchangeable acidg#yhigher in the wetland indicating more
organic soils and better absorption of aluminum laydrogen. The Winding River Townhouse
and Lockwood sites were the least acidic sitesgpblut 5.4 and 5.2 respectably) while the other
five sites were more acidic (pH ranging from 4.664t87). The Hewitt Wildlife site had the
highest level of exchangeable acidity (Ac) andRwoeirk and Mercer Seawatch sites had the next
highest levels.

Phosphorus was higher in the uplands as indicatefiable 5.2.4-2 but potassium, calcium,
sulfur, and magnesium were higher in the wetlariRleferring to Table 5.2.4-1, the Mercer
Seawatch and Rourk sites had the highest levefgho$phorus with the Doe Creek site next.
The Rourk, Lockwood, and Mercer Seawatch sitesahdehst twice the levels of potassium than
the other four sites. The Hewitt Wildlife site hdw highest levels of calcium with the Mercer
Seawatch and Lockwood sites next. The Hewitt fdand Rourk sites had the highest levels
of magnesium while the two Winding River sites liagl lowest levels. The Hewitt Wildlife site
also had the highest levels of sulfur which wasualibree times as much as the next highest
which was the Lockwood site. The Winding River Baite has the lowest level of sulfur.
Manganese levels were higher in the upland. Aghia,Hewitt Wildlife site had the highest
levels of manganese which was about twice the lef/¢he next highest sites, Lockwood and
Mercer Seawatch. Zinc, copper, sodium, and nitiagge higher in the wetland. The Doe Creek
site had the highest levels of zinc and the WindRiger Pond site had the lowest level. The
highest level of copper occurred at the Doe Creek Rourk sites. The Rourk and Lockwood
sites had the highest levels of sodium by a largeumt whereas the two Winding River sites
had the lowest levels also by a large margin. Rberk and Mercer Seawatch sites had the
highest levels of nitrogen and the Hewitt Wildlded Winding River Townhouse sites had the
lowest levels. Given that since the majority o€ thutrient and micro-nutrients (metals) have
higher levels in the wetland, this indicates thegyniunction as a sink for these potential
pollutants in response to filtering of the water.
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From the soil results, the Rourk site had the hsgleels of potential pollutants with the Mercer
Seawatch and Lockwood sites next. These same siteehad the highest levels of potential
pollutants in the water quality results. The WiglRiver sites had the lowest levels of potential
pollutants with the Doe Creek site being next. Wimding River sites also had the lowest
levels of potential pollutants in the water qual&gults. There is a definite potential correlatio

between the water quality results and the soilltess one would expect.

Statistical tests, (ANOVA and Wilcoxon) were perfd to determine the statistical
significance of the upland and wetland soil chamastic differences. The weight per volume
was statistically significant (both the WilcoxonddANOVA, p<0.0001) with the higher levels in
the upland. Percent humic matter, CEC, and baseasan were all statistically significant
(both the Wilcoxon and ANOVA, p<0.0001) with thegher levels being in the wetland as
would be expected. The Ac was significantly higirerthe wetland (organic soil) and was
significant (Wilcoxon, p=0.0336, ANOVA, p=0.0344)The pH was slightly higher in the
wetland (less acidic) and this difference was gicgmt statistically, (Wilcoxon, p=0.1122,
ANOVA, p=0.0225). Higher levels of phosphorus ated in the upland and this again was
statistically significant (ANOVA, p=0.033). Posasm, calcium, magnesium, and sulfur had
higher levels in the wetland and was statisticsigynificant (both the Wilcoxon and ANOVA, all
at p<0.03). Manganese was higher in the uplandf@sdiifference was significant statistically
(ANOVA, p=0.0476). Zinc, sodium, and nitrogen wéigher in the wetland and this difference
was statically significant (both the Wilcoxon antl@VA, all at p<0.04).

For the Riverine Swamp Forest in the Lockwood F&8llyer watershed, the results for the soils
are consistent with the conclusion that the wetlaai@ acting as a sink for nutrients and metals
and thereby perform important water quality funieiio The soil results for the Riverine Swamp
Forests were also consistent with the water quadisylts in that the sites with most problems
with potential pollutants were the same. This iefl and not unexpectedly, a relationship
between the water quality parameters and the soil ararpeters.
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Table 5.2.4-1 Means by site for Riverine Swamp Forests Upland and Wetland Soil Samples

Doe Creek 13 0.298 1.364 1.403 0.982 3.375 11.456
Hewitt Wildlife 5 0.395 2.003 1.315 0.403 1.600 30.200
Lockwood 7 1.107 1.523 1.333 0.840 3.833 18.150
Mercer Seawatch 9 2.390 2.708 1.153 0.462 8.600 20.583
Rourk 13 0.715 1.832 1.375 0.584 4.075 21.444
Winding River Pond 7 3.537 0.801 12.386
Winding River

Townhouse 10 1.741 0.982 11.580
Doe Creek 13 43.000 63.333 1.800 3.067 4.775 4.856
Hewitt Wildlife 5 48.000 77.333 0.850 6.633 5.100 4.567
Lockwood 7 31.333 84.000 2.633 2.825 4.533 5.225
Mercer Seawatch 9 28.000 71.000 6.200 5.667 4.000 4.883
Rourk 13 36.000 72.222 2.575 5.867 4.775 4.767
Winding River Pond 7 58.429 4.057 4871
Winding River

Townhouse 10 76.800 2.690 5.440
Doe Creek 13 11.100 17.689 15.425 53.289 263.900 1291.678
Hewitt Wildlife 5 5.150 8.267 13.050 50.500 109.850 2830.000
Lockwood 7 15.333 13.850 16.600 111.975 185.033 1955.425
Mercer Seawatch 9 12.067 21.617 26.833 94.533 334.933 2217.500
Rourk 13 60.150 20.022 24.575 168.356 220.125 1389.589
Winding River Pond 7 12.486 49.643 1509.643
Winding River

Townhouse 10 11.290 27.200 1634.010
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Table 5.2.4-1 Means bi site for Riverine Swami Forests Uiland and Wetland Soil Samiles

Doe Creek 13 27.550 219.811 9.250 204.344 3.650 2.011
Hewitt Wildlife 5 20.250 1130.700 14.550 1707.967 2.250 6.733
Lockwood 7 28.300 640.875 10.800 554.325 1.267 3.200
Mercer Seawatch 9 82.400 434.267 7.533 151.117 2.733 3.150
Rourk 13 41.400 997.389 18.275 323.333 7.025 2.200
Winding River Pond 7 79.057 28.114 1.671
Winding River

Townhouse 10 79.070 106.790 1.870

Doe Creek 13 0.850 2.611 0.250 0.344 13.000 443.667
Hewitt Wildlife 5 0.400 1.600 0.200 0.233 23.500 555.000
Lockwood 7 0.600 0.925 0.233 0.225 21.667 1861.000
Mercer Seawatch 9 1.133 1.350 0.200 0.233 27.333 381.500
Rourk 13 0.525 1.378 0.300 0.356 23.000 2365.222
Winding River Pond 7 0.643 0.243 54.286

Winding River

Townhouse 10 1.140 0.250 55.400

Doe Creek 13 1.250 2.111
Hewitt Wildlife 5 0.000 0.667
Lockwood 7 4.667 10.500
Mercer Seawatch 9 0.333 27.500
Rourk 13 0.000 29.778
Winding River Pond 7 4.000
Winding River

Townhouse 10 1.100
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Table 5.2.4-2 Riverine Swamp Forest Soil Mean Results for Upland and Wetland soil
Samples

Up

0.958

1.325

4.394

36.875

2.856

4.625

Wet

2.069

0.768

16.360

70.646

4.185

4.979

Up

23.594

19.775

232.231

40.525

12.138

3.700

Wet

15.617

78.769

1680.327

434.585

297.119

2.504

Up

0.719

0.244

21.125

1.250

Wet

1.425

0.281

783.583

11.146
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Section 5.2.5 Riverine Swamp Forest: Amphibian Re#s and Discussion

The amphibian surveys in the Riverine Swamp Faest’ the Coastal Plain located in the
Lockwood Folly River watershed resulted in the pwsi identification of 14 species of
amphibians, 12 of which were in the anuran ordexgd and toads). The wetter hydrological
conditions of riverine swamps during warmer mondi$ provide accessible habit for frogs
primarily in the Rana and Hyla genera as well as a few others, although the pcesef
predatory fish does hinder a number of amphibipesies, especially, those in the urodela order
(salamanders and newts) from utilizing Riverine BywaForest wetland habitat. The species of
amphibians that were either observed or heard gutire Riverine Swamp Forest survey
included the green tree frogHyla cinereg, Cope’s grey tree frogHyla chrysoscelis
pinewoods tree frogHyla femoralig, squirrel tree frogHyla squirellg, southern leopard frog
(Rana sphenocephglabullfrog (Rana catesbeiana northern green frogRana clamitans
pickerel frog Rana palustriy southern cricket frogAcris gryllug, little grass frog Pseudacris
ocularig), Ornate chorus frogPceudacris ornafa southern toadBufo terrestriy, southern
dusky salamanderDgsmognanthus auriculatysand dwarf mudpuppyNecturus punctaja
Some of these species such as the little grassfrioge Cope’s grey tree frog, and dusky
salamander, which are fish sensitive and uncommare observed or heard in drier sites
(Rourk and Winding River Townhouse sites) or th&fdyuareas of the riverine swamps. One
dead mudpuppy was found adjacent to the creek whieel washed up at the Seawatch Mercer
site.

Table 5.2.5-1 shows the significant correlatiorulss(p-value_<0.15) for the Spearman’s Rho
and Pearson’s pairwise correlation analyses wghite of water quality, soil, rapid assessment,
and landscape disturbance gradients. Results #thalmore significant p-value of < 0.05 and
Pearson’s correlation or Spearmap’s 0.5 are listed in bold blue while results thatiha p-
value of < 0.1 and 8.5 are listed in bold red. Three metrics weresehdor use in the Riverine
Swamp Forest amphibian IBIl: Percent Urodela, Abucda and Species Richness. These
metrics had significant correlations with the massturbance measurements (four to eight
disturbance measurements for each metric) inclu@RéM, soil Cu and pH, and water quality
Ca, Mg, specific conductivity, dissolved oxygen, TRC, TSS, NO2+NO3, zinc, and the water
quality combination disturbance measurement). Pérdgphemeral wetland — Headwater
wetland — Seep (%EW-HW-Seep, percent species assdcivith fish free habitats), Percent
Tolerant, Percent Sensitive and AQAI (Amphibian @uaAssessment Index) only correlated
with Watershed LDI.

Table 5.2.5-2 shows the metric results for eacthefRiverine Swamp wetland sites. The metric
results to be used in the Riverine Swamp amphilB&are shown in bold red. Species richness
ranged from 3 (Doe Creek site) to 9 (Hewett Wikllgite), abundance ranged from 8 (Rourk) to
122 (Hewett Wildlife), and percent Urodela rangeahf 0% (Doe Creek, Lockwood, Rourk, and
Winding River Pond) to 10.5% (Winding River Townlise). Metric score assignments of “0”
“3”, “7”, “10” were made according to the data dilstition and are shown in Table 5.2.5-3.
Table 5.2.5-4 shows the metric score assignedhiispecies richness, abundance, and percent
Urodela metrics as well as the total Riverine Swakgpest amphibian IBI score for each
Riverine Swamp Forest site. The total amphibiand&ires ranged from 7 to 23. The Rourk and
Lockwood sites had the lowest score of 7. The Rtk was a lower quality site while the
Lockwood site was not. However, the Lockwood ssteidally influenced as well as the Doe
Creek site (which scored 13). Both these sites ligh conductivity values probably due to
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salinity levels. The Lockwood site also had a vbogy road near by which made the night
survey difficult. The Hewett Wildlife site, whichppears to be a high quality site, scored the
highest with 23. It should be noted that the tequdlity”, either high or low when referenced
this context is a best professional judgement efdite, and not in reference to survey results.
The Winding River Townhouse site, although not & ta quality site due to the habitat and
lack of upland buffer scored 20. This site is drient does have pools of water that would
provide fish free habitat, with one adult southdusky salamander was found at this site. The
Seawatch Mercer site, a higher quality site scdavhile the Winding River Pond site, which
has higher quality habitat, but no upland buffegred second highest at 20.
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Table 5.2.5-1 Riverine Swamp Forest (RS) Significant Correlation Results with Disturbance Measures

Wetland Correlation /

Type Cadidate Metric Disturbance Measurement Spearman p p-value Analysis

RS Y%EW-HW-Seep Watershed of LDl JMP Data -0.6636 0.1041 Spearman’s Rho Correlation
RS %Sensitive Watershed of LDl JMP Data -0.6545 0.1107 | Spearman’s Rho Correlation
RS %Tolerance Watershed of LDI JMP Data 0.6795 0.0931 Pearson’s Correlation

RS %Tolerance Watershed of LDl JMP Data 0.7000 0.0799 | Spearman’s Rho Correlation
RS %Urodela Calcium -0.7521 0.0511 Pearson’s Correlation

RS %Urodela Calcium -0.8669 0.0115 | Spearman’s Rho Correlation
RS %Urodela Magnesium -0.6063 0.1489 Pearson’s Correlation

RS %Urodela Soils Mean(pH) 0.7241 0.0657 Pearson’s Correlation

RS %Urodela Soils Median(pH) 0.7798 0.0387 Pearson’s Correlation

RS %Urodela Specific Conductivity -0.6487 0.1150 Pearson’s Correlation

RS %Urodela Specific Conductivity -0.7684 0.0436 Spearman’s Rho Correlation
RS Abundance Copper -0.6786 0.0938 | Spearman’s Rho Correlation
RS Abundance Dissolved Oxygen (%) 0.6054 0.1498 Pearson’s Correlation

RS Abundance Dissolved Oxygen (mg/L) 0.6487 0.1150 Pearson’s Correlation

RS Abundance Dissolved Oxygen (mg/L) 0.7143 0.0713 | Spearman’s Rho Correlation
RS Abundance ORAM Mean 0.7857 0.0362 | Spearman’s Rho Correlation
RS Abundance Phosphorus -0.6811 0.0921 Pearson’s Correlation

RS Abundance Phosphorus -0.7143 0.0713 | Spearman’s Rho Correlation
RS Abundance TOC -0.6275 0.1314 Pearson’s Correlation

RS Abundance TOC -0.7143 0.0713 | Spearman’s Rho Correlation
RS Abundance Total Suspended Residue -0.8088 0.0276 Pearson’s Correlation

RS Abundance Total Suspended Residue -0.7857 0.0362 Spearman’s Rho Correlation
RS Abundance WQ Combo(w/o fc by WT) -0.6786 0.0938 | Spearman’s Rho Correlation
RS Abundance Zinc -0.6071 0.1482 | Spearman’s Rho Correlation
RS AQAI Watershed of LDl JMP Data -0.6845 0.0898 Pearson’s Correlation

RS AQAI Watershed of LDl JMP Data -0.7388 0.0579 | Spearman’s Rho Correlation
RS Species Richness Calcium -0.6708 0.0991 Pearson’s Correlation

RS Species Richness Calcium -0.7783 0.0393 | Spearman’s Rho Correlation
RS Species Richness Magnesium -0.6534 0.1115 Pearson’s Correlation

RS Species Richness Magnesium -0.6671 0.1016 Spearman’s Rho Correlation
RS Species Richness NO2+NO3 -0.7938 0.0331 Pearson’s Correlation

RS Species Richness NO2+NO3 -0.7412 0.0566 Spearman’s Rho Correlation
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Table 5.2.5-1 Riverine Swamp Forest (RS) Significant Correlation Results with Disturbance Measures

Correlation /

Wetland
Type Cadidate Metric Disturbance Measurement Spearman p p-value Analysis
RS Species Richness Soils Mean(Cu mg/dm3) -0.6310 0.1286 Pearson’s Correlation
RS Species Richness Specific Conductivity -0.6745 0.0965 Pearson’s Correlation
RS Species Richness Specific Conductivity -0.6301 0.1294 Spearman’s Rho Correlation

Bold Red = Probility < 0.05 and Bold Blue = Probility > 0.05 and < 0.10, RS=Riverine Swamp Forest
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Table 5.2.5-2 Riverine Swamp Forest Candidate Metric Results

Species Y%EW-
Site Name Richness Abundance %Tolerance %Sensitive %Urodela AQAI HW-Seep

Doe Creek 3 110.5 90.5 0 0 1.38 6.33
Hewett Wildlife 9 121.7 99.84 0 0.16 2.74 0.00
Lockwood 5 10 20 30 0 4.9 40.00
Mercer Seawatch 8 38 73.68 2.63 2.63 2.79 10.53
Rourk 5 8 50 50 0 3.5 37.50
Winding River Pond 5 33 92.42 0 0 1.45 0.00
Winding River
Townhouse 7 19 73.68 15.79 10.53 2.37 15.79

Bold Red = Metrics to be used in Riverine Swamp IBls, %EW-HW-Seep=%Ephemeral Wetland-Headwater Wetland-Seep

Table 5.2.5-3 Metric Score Assignments for Riverine Swamp Forests

Metric 0 3 7 10
Species Richness <3 <5 <8 =8
Abundance <15 <40 <60 260
%Urodela 0 <3 <10 210
Table 5.2.5-4 Amphibian IBI Score for Riverine Swamp Forest Sites
Species

Site Name Richness Abundance %Urodela Total
Lockwood 7 0 0 7
Rourk 7 0 0 7
Winding River Pond 7 3 0 10
Doe Creek 3 10 0 13
Mercer Seawatch 10 3 3 16
Winding River
Townhouse 7 3 10 20
Hewett Wildlife 10 10 3 23

Section 5.2.6 Riverine Swamp Forests: Macroinvertehte Results and Discussion

Section 5.2.6 will be presented at a later timemthe macroinvertebrate samples have been
identified, enumerated, and analyzed.

Section 5.2.7 Riverine Swamp Forests: Vegetation fue¢y Results and Discussion

The seven Riverine Swamp Forest wetland commurstiegeyed for vegetation in 2008 found a
diverse array of plant species. A total of 20@edént vascular plants species composed of trees,
shrubs, forbs, grasses, sedges, rushes, vinessmplytes were observed. Red maplasef
rubrum), swamp tupeloNyssa biflord, and bald cypressraxodium distichujnwere the most
dominant and widely occurring trees species, ottnmon species of trees included ash
(Fraxinus spp), American elmWImus americang sweet guml{iquidambar styracifluf sweet

bay (Magnolia virginiang, American holly [lex opacg, and Ironwood Carpinus caroliniang

Wax myrtle Morella ceriferg and tag alderAlnus serrulath were the most common types
shrubs, other shrubs that were less common incléeléer bush I(yonia lucidg, button bush
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(Cephalanthus occidentajisand titi Cyrilla racemiflora). The herbaceous strata was composed
of ferns, sedges, especially beakr@BhynchosporaandCarexspp., and forbs. The herb strata
included species such as royal fe@sfnhunda regaljs eastern marsh feritjelypteris palustris
netted chain fernWoodwardia areolatg lizard tail Saururus cernuysmost dominant forb),
arrow arum Peltandra virginicg, pickerel weed Fontederia cordatp Virginia dayflower
(Commelina virginicg hairy swamp loosestrif§Decodon verticillatus),jack-in-the-pulpit
(Arisaema triphyllum)soft rush (Juncuseffusey millet beak rush Rhynchospora miliacga
howe sedgeCGarex howej, bearded sedge&Cérex comosi shallow sedgeQarex luridg, and
fringed sedgearex crinitgd. Riverine Swamp Forest vines are also an impomant of the
structure of this vegetative community. Poison {joxicodendron radicanshad the most
important presence in Riverine Swamp communitighie©vines that occurred were Virginia
creeper Parthenocissus quinquefojiamnuscadine grap&/itis rotundifolig), southeast decumaria
(Decumaria Barbary trumpet vine Campsis radicans Japonese honeysuckléogicera
japonicg, and laural-leaf greenbriaBilax laurifolig.

Table 5.2.7-1 shows the significant correlatiorulss(p-value_<0.15) for the Spearman’s Rho
and Pearson’s pairwise correlation analyses. Rethdt had a more significant p-value of < 0.05
and Pearson’s correlation or Spearman*s 0.5 are listed in bold blue while results thatlla p-
value of < 0.1 and 8.5 are listed in bold red. The following fact@rsre considered a priority in
choosing metrics for the Riverine Swamp plant IBl: Metrics with lower probabilities, 2.
metrics that were significant for both Pearson’g@ation and Spearman’s Rho, 3. metrics that
correlated with more then one disturbance measurgrde metrics that were not measuring
similar biological attributes (e.g. Native Herb Riess and Herb Richness), 5. metrics that
correlated with ORAM which was a better measureréstte condition, 6. types of metrics that
measured different aspects of the vegetation corityn@ine. Community Balance Structure,
Wetness, Functional Groups, and Community Strugtiifeere were a total of 15 plant metrics
with significant results (see Table 5.2.7-1). Heareseven metrics using the above criteria were
chosen for the Riverine Swamp Forest plant IBI. Rineerine Swamp metrics chosen were Herb
and Shrub Dominance for the Community Balance mdype, FAQWet Equation 3 and
Wetland Plant Species Richness for the WetnessaCleaistic metric type, Carex Richness and
Dicot Cover for the Functional Group metric typedalotal Herb Richness and Pole Timber
Density for the Community Structure metric typee$@ metrics had the more significant results
(lower p-value), were representative of four of thierent metric types, and correlated with
ORAM or ORAM and LDI in one or both statistical celations.

Table 5.2.7-2 shows the metric results for eaclhef Riverine Swamp wetland sites. Metric
results ranged from 0.29 (Hewitt Wildlife and Se&shaMercer sites) to 0.90 (Rourk site) for the
Herb and Shrub Dominance metric, which indicately arfew shrubs and herbs were dominant
at the Rourk site while the Hewitt Wildlife and 3edch Mercer sites had a more evenly
diversified shrub and herb cover. Metric scoregyeahfrom 10.5 (Rourk site) to 26.7 (Hewitt
Wildlife site) for the FAQWet Equation 3 and 11 {(Rk and Winding River Pond sites) to 37
(Hewitt Wildlife and Doe Creek sites) for the wetthplant metric, which indicated the Hewitt
Wildlife and Doe Creek sites had wetter and moxerdie wetland species then the Rourk and
Winding River Pond sites. Metric scores ranged ffbthockwood site) to 11 (Mercer Seawatch
site) for the Carex richness metric and 5 (WindRiger Townhouse site) to 32 (Hewett Wildlife
site) for the dicot cover metric which indicate@nd was higher diversity of Carex at the Mercer
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Seawatch site than the Lockwood site and higheercot/dicots at the Hewett Wildlife site than
the Winding River Townhouse site. Metric scoresgehfrom 17 (Winding River Pond site) to
56 (Mercer Seawatch site) for the total herb rigsnmetric and 0.09 (Doe Creek and Hewitt
Wildlife sites) to 0.28 (Rourk site) for the polenber density metric. These results indicated that
the Winding River Pond site had the least diversd hichness, while the Mercer Seawatch site
had the most and that the Rourk site’s canopy strechad the highest density of pole timber
(low quality timber in the 10-15 cm, 15-20 cm artdZ5 cm DBH size class) as compared to the
Doe Creek and Hewitt Wildlife sites which had teadt density of pole timber.

Metric score assignments of “07, “3”, “7”, and “1GVere made according to the data results
distribution and are shown in Table 5.2.7-3. Tdh&7-4 shows the metric score assigned for
the seven individual metrics chosen for the Riveri@wamp Forest plant IBI and the total IBI
score. The total Riverine Swamp Forest plant IBires ranged from 12 to 67. The Hewett
Wildlife site scored the highest with a value offélowed by the Doe Creek site at 61 and the
Mercer Seawatch site at 57. These three sitespilidaa to be fairly good quality sites (“quality”
again referring only to best professional judgemenbhe Hewett Wildlife site has had some
impacts from beaver; the impacts were worse upstreatside of the site boundary and
sampling area. The Doe Creek site has a road lngettte site, however this site had mature
trees and diverse flora, and the Mercer Seawatehisistill in a very natural state although
sections of this site (outside of the vegetatiorvey area) had received some storm damage in
the past. The Winding River Townhouse site scoré@,ahe Winding River Pond site scored a
12, the Rourk site scored 17, and the Lockwood siteed 26. The Lockwood site is for the
most part a fairly high quality site, although amher of dead ash trees were observed during the
plant study, probably due to salt intrusion. TheuRRcand Winding River Townhouse sites did
not appear to be high quality sites so the loweresseems reasonable. The Winding River Pond
site, although primarily absent of a buffer did eppto be better quality, although the plant
survey was done after some recent beaver impadtsdised the water level and this may have
contributed to the lower plant diversity and a loweore.
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Table 5.2.7-1 Riverine Swamp Forest (RS) Significant Correlation Results with Disturbance Measures

. Disturbance Correlation / .
Wetland Type Metric Measurement Spearman p p-value Analysis
Community Balance Metrics
Riverine Swamp Vascular Plant Genera Richness ORAM Mean 0.6071 0.1482 Spearman’s Rho Correlation
Riverine Swamp Herb and Shrub Dominance ORAM Mean -0.6461 0.1169 Pearson’s Correlation
Riverine Swamp Herb and Shrub Dominance ORAM Mean -0.9286 0.0025 Spearman’s Rho Correlation
Riverine Swamp Species Richness ORAM Mean 0.6322 0.1277 Pearson’s Correlation
Riverine Swamp Species Richness ORAM Mean 0.6429 0.1194 Spearman’s Rho Correlation
Wetness Characteristic Metrics
Riverine Swamp FAQWet Equation 3 ORAM Mean 0.7170 0.0698 Pearson’s Correlation
Riverine Swamp FAQWet Equation 3 ORAM Mean 0.9286 0.0025 Spearman’s Rho Correlation
Riverine Swamp FAQWet Cover 100M LDI -0.6667 0.1019 Spearman’s Rho Correlation
Riverine Swamp FAQWet Cover ORAM Mean 0.8214 0.0234 Spearman’s Rho Correlation
Riverine Swamp Wetland Plant Cover ORAM Mean 0.6429 0.1194 Spearman’s Rho Correlation
Riverine Swamp Wetland Plant Species Richness 100M LDI -0.6239 0.1343 Spearman’s Rho Correlation
Riverine Swamp Wetland Plant Species Richness ORAM Mean 0.7175 0.0695 Pearson’s Correlation
Riverine Swamp Wetland Plant Species Richness ORAM Mean 0.8183 0.0244 Spearman’s Rho Correlation
Functional Group Metrics
Riverine Swamp Carex Richness ORAM Mean 0.7092 0.0743 Spearman’s Rho Correlation
Cyperaceae, Poaceae, Juncaceae
Riverine Swamp Richness ORAM Mean 0.6547 0.1106 Spearman’s Rho Correlation
Riverine Swamp Dicot Coverage 100M LDI -0.8612 0.0128 Pearson’s Correlation
Riverine Swamp Dicot Coverage 100M LDI -0.9370 0.0019 Spearman’s Rho Correlation
Riverine Swamp Dicot Coverage ORAM Mean 0.7176 0.0694 Pearson’s Correlation
Riverine Swamp Dicot Richness ORAM Mean 0.6071 0.1482 Spearman’s Rho Correlation
Community Balance Metrics

Riverine Swamp Total Herb Cover ORAM Mean 0.6071 0.1482 Spearman’s Rho Correlation
Riverine Swamp Total Herb Richness ORAM Mean 0.6191 0.1382 Pearson’s Correlation
Riverine Swamp Total Herb Richness ORAM Mean 0.7500 0.0522 Spearman’s Rho Correlation
Riverine Swamp Native Herb Cover ORAM Mean 0.6071 0.1482 Spearman’s Rho Correlation
Riverine Swamp Native Herb Richness ORAM Mean 0.6188 0.1385 Pearson’s Correlation
Riverine Swamp Native Herb Richness ORAM Mean 0.7500 0.0522 Spearman’s Rho Correlation
Riverine Swamp Pole Timber Density 100M LDI 0.9487 0.0011 Pearson’s Correlation
Riverine Swamp Pole Timber Density 100M LDI 0.9190 0.0034 Spearman’s Rho Correlation
Riverine Swamp Pole Timber Density ORAM Mean -0.6429 0.1194 Spearman’s Rho Correlation

Bold Red = Probility < 0.05 and Bold Blue = Probility > 0.05 and < 0.10
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Table 5.2.7-2 Riverine Swamp Forest Plant Metric Results

Herb and FAQWet Wetland
) Shrub Equation Plant Carex Total Herb Pole Timber
Site Dominance 3 Richness Richness Dicot Cover Richness Density

Doe Creek 0.67 22.76 37.00 7.00 21.19 53.00 0.09
Hewett Wildlife 0.29 26.70 37.00 7.00 31.93 43.00 0.09
Lockwood 0.77 16.50 22.00 0.00 18.69 34.00 0.19
Mercer Seawatch 0.29 19.38 35.00 11.00 13.34 56.00 0.11
Rourk 0.90 10.45 11.00 2.00 25.58 23.00 0.10
Winding River Pond 0.74 14.70 11.00 3.00 12.77 17.00 0.28
Winding River Townhouse 0.78 14.51 16.00 2.00 5.15 28.00 0.25
Table 5.2.7-3 Plant Metric Score Assignments for Riverine Swamp Forests

Metric 0 3 7 10
Herb and Shrub Dominance =>0.90 <0.90 <0.70 <0.50
FAQWet Equation 3 <12 <18 <22 =22
Wetland Plant Richness <15 <20 <25 225
Carex Richness <3 <5 <8 >8
Dicot Cover <10 <20 <30 230
Total Herb Richness <20 <30 <40 240
Pole Timber Density 20.20 <0.20 <0.15 <0.10
Table 5.2.7-4 Plant IBI Score for Riverine Swamp Forest Sites

Herb and FAQWet Wetland
Shrub Equation Plant Carex Total Herb Pole Timber
Site Dominance 3 Richness Richness Dicot Cover Richness Density Total

Doe Creek 7 10 10 7 7 10 10 61
Hewett Wildlife 10 10 10 7 10 10 10 67
Lockwood 3 3 7 0 3 7 3 26
Mercer Seawatch 10 7 10 10 3 10 7 57
Rourk 0 0 0 0 7 3 7 17
Winding River Pond 3 3 0 3 3 0 0 12
Winding River Townhouse 3 3 3 0 0 3 0 12
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Section 5.3 — Bottomland Hardwood Forests
Section 5.3.1 Bottomland Hardwood Forests: Summargf NCWAM Results

Table 5.3.1-1 shows the metrics, IBls, water andl qaality site parameter means, and site
ORAM scores that correlated with the NCWAM ovesadbre and hydrology, water quality, and
habitat NCWAM functions for Bottomland Hardwood Ests. The first column of Table 5.3.1-1
shows “Round” which refers to the pre (Round “1%)dapost (Round “2”) survey results.
Correlations with p-values that are < 0.05 and hav€.5 are shown in bold red and correlations
with p-values > 0.05 and < 0.10 and have r > 0Oesslown in bold blue. For the metrics and
IBls significant correlations occurred with four dlie six Bottomland Hardwood Forest
amphibian metrics, the Bottomland Hardwood ForestpAibian IBI and with just one of the
eight Bottomland Hardwood Forest plant metrics, Wetland shrub cover metric. These
correlations were all positive correlations excépt the percent tolerant metric which was
negative as would be expected. The habitat fundtam only one significant correlation and that
was with amphibian species richness. The hydrolégyction also correlated with the
amphibian species richness with both the pre asstl ovey results (round 1 and 2). The water
quality function correlated with the amphibian parctolerance metric (percent of species with a
tolerant quality index rating), with the amphibipercent sensitive metric (percent of species
with a sensitive quality index rating), and witletAmphibian IBI. There was also a statistically
significant correlation of the water quality furari with the amphibian percent Urodela
(salamanders and newts). The overall NCWAM scare v statistically significant correlation
with three amphibian metrics; percent tolerancecgr® sensitive, and percent Urodela and the
Amphibian IBl. There were two statistically signdnt correlations with wetland shrub cover
correlating well with the NCWAM overall score andtlwthe NCWAM water quality function.

The NCWAM habitat function correlated significantlyith the water quality parameter site
means for ammonia (round 1 only), copper, lead, TRRC, TSS, and zinc. This function also
had a weak correlation with water quality parames¢ée means for pH and fecal coliform
(between 0.1 < p-value < 0.15). The NCWAM overabre and water quality function for
Bottomland Hardwood Forests also correlated sigaifily with water quality site means for
lead, TSS, and zinc as well as soil quality paramsite means for NO3—N. There was also a
weak correlation with the water quality site meanragnesium and soil quality site mean for
phosphorus and potassium with the NCWAM overalts@nd water quality function (see Table
5.3.1-1). Lastly the ORAM site scores correlatedhwihe NCWAM overall score and water
quality function significantly for round 1 (Speama rho correlation only). Similar to the
Riverine Swamp Forest NCWAM analysis, there watelidifference between the correlations
tests and there were more significant correlatouring the pre-survey NCWAM (round 1) then
during the post survey NCWAM (round 2). There walso no significant correlations with the
LDI Level Il data.

As was discussed in the Riverine Swamp Forests N@Vé#aluation (see Section 5.2.1), these
results are limited by the small sample size witly®ix Bottomland Hardwood Forests used in
this evaluation. The variation of the ratings waster than for the Riverine Swamp Forest with
three Bottomland Hardwood Forest being generatlydraigh, two medium, and one low on the
overall scores. The habitat function varies ddets and had only one significant result. There
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was pretty good variation with the hydrology andevajuality functions and they also had more
correlations. With only six Bottomland Hardwoodrésts in the sample, a larger sample is

needed, with good representation in each of theethNCWAM score categories, in order to do
an effective evaluation of NCWAM.
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Table 5.3.1-1 NCWAM Caorrelation with Level Il Significant Results for Bottomland Hardwood Forest Wetlands

IBI/ Metric/ Water Quality/

Round Wetland Type NCWAM Total / Function L2,L3 Soils/ ORAM r Prob>| p| Analysis
Amphib Species
1 Bottomland Hardwood Habitat-Function L3-Amphibs Richness 0.8788 | 0.0211 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Ammonia -0.9258 | 0.0080 | Spearman's Rho Correlation
2 Bottomland Hardwood Habitat-Function L3-WQ Copper -0.8016 | 0.0551 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Copper -0.8485 | 0.0327 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Copper -0.8016 | 0.0551 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Copper -0.7715 | 0.0723 | Spearman's Rho Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Fecal Colliform -0.6884 | 0.1305 Pearson's Correlation
2 Bottomland Hardwood Habitat-Function L3-WQ Fecal Colliform -0.6884 | 0.1305 Pearson's Correlation
2 Bottomland Hardwood Habitat-Function L3-WQ Lead -0.9553 | 0.0030 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Lead -0.9799 | 0.0006 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Lead -0.9553 | 0.0030 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Lead -0.9258 | 0.0080 | Spearman's Rho Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ pH 0.6789 | 0.1381 | Spearman's Rho Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ TKN -0.8910 | 0.0172 Pearson's Correlation
2 Bottomland Hardwood Habitat-Function L3-WQ TKN -0.8910 | 0.0172 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ TKN -0.8817 | 0.0202 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ TOC -0.8820 | 0.0201 Pearson's Correlation
2 Bottomland Hardwood Habitat-Function L3-WQ TOC -0.8820 | 0.0201 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ TOC -0.8728 | 0.0232 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Total Suspended Residue | -0.9889 | 0.0002 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Total Suspended Residue | -0.9870 | 0.0003 Pearson's Correlation
2 Bottomland Hardwood Habitat-Function L3-WQ Total Suspended Residue | -0.9870 | 0.0003 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Zinc -0.9258 | 0.0080 | Spearman's Rho Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Zinc -0.8971 | 0.0153 Pearson's Correlation
1 Bottomland Hardwood Habitat-Function L3-WQ Zinc -0.8451 | 0.0341 Pearson's Correlation
2 Bottomland Hardwood Habitat-Function L3-WQ Zinc -0.8451 | 0.0341 Pearson's Correlation
Amphib Species
2 Bottomland Hardwood Hydrology Function L3-Amphibs Richness 0.8788 | 0.0211 Pearson's Correlation
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Table 5.3.1-1 NCWAM Caorrelation with Level Il Significant Results for Bottomland Hardwood Forest Wetlands

IBI/ Metric/ Water Quality/

Round Wetland Type NCWAM Total / Function L2, L3 Soils/ ORAM r Prob>| p| Analysis
Amphib Species
Bottomland Hardwood Hydrology Function L3-Amphibs Richness 0.8645 | 0.0263 Pearson's Correlation
Bottomland Hardwood | NCWAM OverAll Score L2-ORAM ORAM Mean 0.7827 | 0.0657 | Spearman's Rho Correlation
NCWAM OverAll Amphib Percent
1 Bottomland Hardwood Score L3-Amphibs Tolerance -0.6957 | 0.1248 | Spearman's Rho Correlation
NCWAM OverAll Amphib Percent
1 Bottomland Hardwood Score L3-Amphibs Tolerance -0.6822 | 0.1355 Pearson's Correlation
NCWAM OverAll
1 Bottomland Hardwood Score L3-Amphibs | Amphib Percent Sensitive | 0.8986 | 0.0149 | Spearman's Rho Correlation
NCWAM OverAll
1 Bottomland Hardwood Score L3-Amphibs | Amphib Percent Sensitive | 0.8408 | 0.0360 Pearson's Correlation
NCWAM OverAll
2 Bottomland Hardwood Score L3-Amphibs | Amphib Percent Sensitive | 0.7715 | 0.0723 | Spearman's Rho Correlation
NCWAM OverAll
1 Bottomland Hardwood Score L3-Amphibs | Amphib Percent Urodela | 0.8986 | 0.0149 | Spearman's Rho Correlation
NCWAM OverAll
1 Bottomland Hardwood Score L3-Amphibs | Amphib Percent Urodela | 0.8515 | 0.0315 Pearson's Correlation
NCWAM OverAll
2 Bottomland Hardwood Score L3-Amphibs | Amphib Percent Urodela | 0.7715 | 0.0723 | Spearman's Rho Correlation
NCWAM OverAll
1 Bottomland Hardwood Score L3-Amphibs Amphibian IBI 0.7556 | 0.0823 Pearson's Correlation
NCWAM OverAll
1 Bottomland Hardwood Score L3-Amphibs Amphibian IBI 0.7500 | 0.0859 | Spearman's Rho Correlation
NCWAM OverAll
1 Bottomland Hardwood Score L3-Plants Wetland Shrub Cover 0.6898 | 0.1294 Pearson's Correlation
NCWAM OverAll
1 Bottomland Hardwood Score L3-Soils K mg/dm3 -0.6957 | 0.1248 | Spearman's Rho Correlation
NCWAM OverAll
2 Bottomland Hardwood Score L3-Soils NO3--N mg/dm3 -0.8332 | 0.0394 | Spearman's Rho Correlation
NCWAM OverAll
2 Bottomland Hardwood Score L3-Soils NO3--N mg/dm3 -0.7729 | 0.0715 Pearson's Correlation
NCWAM OverAll
1 Bottomland Hardwood Score L3-Soils P mg/dm3 -0.6957 | 0.1248 | Spearman's Rho Correlation
NCWAM OverAll
2 Bottomland Hardwood Score L3-Soils P mg/dm3 -0.6789 | 0.1381 | Spearman's Rho Correlation
2 Bottomland Hardwood NCWAM Overall Score L3-WQ Lead -0.7892 | 0.0619 Pearson's Correlation
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Table 5.3.1-1 NCWAM Caorrelation with Level Il Significant Results for Bottomland Hardwood Forest Wetlands

IBI/ Metric/ Water Quality/

Round Wetland Type NCWAM Total / Function L2, L3 Soils/ ORAM r Prob>| p| Analysis

NCWAM Overall

2 Bottomland Hardwood Score L3-WQ Lead -0.7715 | 0.0723 | Spearman's Rho Correlation
NCWAM Overall

1 Bottomland Hardwood Score L3-WQ Lead -0.6670 | 0.1479 Pearson's Correlation
NCWAM Overall

1 Bottomland Hardwood Score L3-WQ Magnesium -0.6667 | 0.1481 | Spearman's Rho Correlation
NCWAM Overall

2 Bottomland Hardwood Score L3-WQ Total Suspended Residue | -0.7320 | 0.0981 Pearson's Correlation
NCWAM Overall

1 Bottomland Hardwood Score L3-WQ Total Suspended Residue | -0.6940 | 0.1261 Pearson's Correlation
NCWAM Overall

2 Bottomland Hardwood Score L3-WQ Zinc -0.7862 | 0.0637 Pearson's Correlation
NCWAM Overall

2 Bottomland Hardwood Score L3-WQ Zinc -0.7715 | 0.0723 | Spearman's Rho Correlation

2 Bottomland Hardwood WQ Function L3-WQ Lead -0.7892 | 0.0619 Pearson's Correlation

2 Bottomland Hardwood WQ Function L3-WQ Lead -0.7715 | 0.0723 | Spearman's Rho Correlation

1 Bottomland Hardwood WQ Function L3-WQ Lead -0.6670 | 0.1479 Pearson's Correlation

1 Bottomland Hardwood WQ Function L3-WQ Magnesium -0.6667 | 0.1481 | Spearman's Rho Correlation

2 Bottomland Hardwood WQ Function L3-WQ Total Suspended Residue | -0.7320 | 0.0981 Pearson's Correlation

1 Bottomland Hardwood WQ Function L3-WQ Total Suspended Residue | -0.6940 | 0.1261 Pearson's Correlation

2 Bottomland Hardwood WQ Function L3-WQ Zinc -0.7862 | 0.0637 Pearson's Correlation

2 Bottomland Hardwood WQ Function L3-WQ Zinc -0.7715 | 0.0723 | Spearman's Rho Correlation

1 Bottomland Hardwood WQ Function L2-ORAM ORAM Mean 0.7827 | 0.0657 | Spearman's Rho Correlation

Amphib Percent
1 Bottomland Hardwood WQ Function L3-Amphibs Tolerance -0.6957 | 0.1248 | Spearman's Rho Correlation
Amphib Percent

1 Bottomland Hardwood WQ Function L3-Amphibs Tolerance -0.6822 | 0.1355 Pearson's Correlation

1 Bottomland Hardwood WQ Function L3-Amphibs | Amphib Percent Sensitive | 0.8986 | 0.0149 | Spearman's Rho Correlation

1 Bottomland Hardwood WQ Function L3-Amphibs | Amphib Percent Sensitive | 0.8408 | 0.0360 Pearson's Correlation

2 Bottomland Hardwood WQ Function L3-Amphibs | Amphib Percent Sensitive | 0.7715 | 0.0723 | Spearman's Rho Correlation

1 Bottomland Hardwood WQ Function L3-Amphibs | Amphib Percent Urodela | 0.8986 | 0.0149 | Spearman's Rho Correlation

1 Bottomland Hardwood WQ Function L3-Amphibs | Amphib Percent Urodela | 0.8515 | 0.0315 Pearson's Correlation

2 Bottomland Hardwood WQ Function L3-Amphibs | Amphib Percent Urodela | 0.7715 | 0.0723 | Spearman's Rho Correlation

1 Bottomland Hardwood WQ Function L3-Amphibs Amphibian IBI 0.7556 | 0.0823 Pearson's Correlation
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Table 5.3.1-1 NCWAM Caorrelation with Level Il Significant Results for Bottomland Hardwood Forest Wetlands

Round Wetland Type NCWAM Total / Function L2, L3 Bl Me;ri)cizlls\/Ng}?e;ﬁuality/ r Prob>| p| Analysis
1 Bottomland Hardwood WQ Function L3-Amphibs Amphibian IBI 0.7500 | 0.0859 | Spearman's Rho Correlation
1 Bottomland Hardwood WQ Function L3-Amphibs Wetland Shrub Cover 0.6898 | 0.1294 Pearson's Correlation
1 Bottomland Hardwood WQ Function L3-Soils K mg/dm3 -0.6957 | 0.1248 | Spearman's Rho Correlation
2 Bottomland Hardwood WQ Function L3-Soils NO3--N mg/dm3 -0.8332 | 0.0394 | Spearman's Rho Correlation
2 Bottomland Hardwood WQ Function L3-Soils NO3--N mg/dm3 -0.7729 | 0.0715 Pearson's Correlation
1 Bottomland Hardwood WQ Function L3-Soils P mg/dm3 -0.6957 | 0.1248 | Spearman's Rho Correlation
2 Bottomland Hardwood WQ Function L3-Soils P mg/dm3 -0.6789 | 0.1381 | Spearman's Rho Correlation

Bold Red = Probility < 0.05 and Bold Blue = Probility > 0.05 and < 0.10, L2- Level 2, L3-Level 3, WQ-Water Quality
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Section 5.3.2 Bottomland Hardwood Forests: Water Qality Results and Discussion

The Bottomland Hardwood Forest water quality sasitethe Fishing Creek watershed were
analyzed for each parameter that was used to iedigater quality. The summary of the 18
parameters for each site is shown in Table 5.3.Zhe table shows the mean and median for
each water quality parameter for each of the sixtddand Hardwood Forest sites. For
ammonia, the Gray, Munn, and Powers sites haddeyaite a bit higher than the other three
sites. The Kim-Brooks and Hancock sites had tigbdst levels of calcium while the other four
sites were about the same. Copper was higheseiGtay and Munn sites whereas the Fairport
site was quite a bit lower. Percent DO was betwE&n and 34% for all sites but the Kim-
Brooks site had lower levels (6%). The DO as mesbby mg/L shows this same result, with
the Kim-Brooks site having very low levels. Thenwos site had the highest level of DOC with
the Fairport and Kim-Brooks sites having the naghbst levels and the Gray site had the lowest
levels. For fecal colliform, the Gray and Kim-Bksosites had the highest levels by a large
margin. The other four sites were quite a bit oWt the Fairport site was the lowest. For
lead, the Gray site had almost three times thddenfethe next highest sites (Munn and Hancock
sites). The Kim-Brooks site had at least four 8ntiee levels of magnesium then the rest of the
sites which had similar levels. For NO2+NO3, thermv site had the highest level and the
Hancock site was next, while the rest of the sitese about the same. The pH levels were all
slightly acidic, with the Munn site being the mastdic at a pH of 5.55 and the Kim-Brooks site
being the least acidic at a pH of 6.48. The Hakamwd Munn sites had the highest levels of
phosphorus while the other four sites were abaasime. The Kim-Brooks site had the highest
level of specific conductivity, more than twice tlewel of the next, which was the Hancock site.
The Gray site had the lowest level of specific earbity. For TKN, the Gray site had the
highest levels by quite a bit with the other sitewving similar levels with the Hancock site
having the lowest levels. The Gray site had tlghést level of TOC, more than twice the level
of the next highest which were the Kim-Brooks andn¥ sites. The Fairport site was had the
lowest level of TOC. The Gray site also had thghbst levels of TSS, more than four times the
level of the Munn site. The Fairport site was gudw in TSS and the other three sites were
about the same. Water temperature varied lessmbrelegrees Celsius between the six sites.
Finally, for zinc, the Gray site again had the leigfhlevel and the Hancock and Munn sites were
next. The Fairport site had the lowest levelsin€z Overall, for water quality, the Powers and
Fairport sites had the best water quality and treey@nd Kim-Brooks sites had the worst water
quality with the Munn site close behind.

Table 5.3.2-2 shows the same (site means and n®diata but broken out by station location.
For the Bottomland Hardwood Forests, water sample taken at Upstream and Downstream
locations at four of the sites; Hancock, Munn, Pewand Fairport. Two sites (Gray and Kim-
Brooks) had water quality samples taken only at stagion (see Section 4.1). As with the
Riverine Swamp Forests, an assumption would be weder quality would be improving
(reduction in metals and nutrients, for examplevager flows from the upstream station to the
downstream station. Table 5.3.2-3 shows the saatee lilit averaged across sites. From these
means, Ammonia and NO2+NO3 is lower downstream@ds higher downstream which are
consistent with the idea that water quality woutgbrove downstream. On the other hand, from
Table 5.3.2-2, calcium, copper, TOC, and TSS aearly} higher downstream which is not
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consistent with improving water quality downstrear8tatistically however, of these potential
pollutants, only calcium was significantly highesvehstream (ANOVA, p=0.0538). pH was
also significantly higher downstream indicating &wacidity (ANOVA, p=0.1181, Wilcoxon,
p=0.112).

From these results, it appears Bottomland Hardwamdsts can improve water quality; however
some of the indicators of water quality are incetgit with this conclusion. Relative to
Riverine Swamp Forests, it could be concluded Battomland Hardwood Forests do not
improve water quality as well. While that may beet it is important to realize that such a
conclusion is difficult to make, especially givelnetlocational differences between the two
wetland types (northern Piedmont for the Bottoml&tatdwood Forests and southern Coastal
Plain for the Riverine Swamp Forests). Anothetdacs that water flow through a Bottomland
Hardwood Forest is not as pronounced as with tipécay Riverine Swamp Forest, so the
filtering process may be different. Just consiugtihe Bottomland Hardwood Forest results, it
was noted previously that the Powers and Fairptas $iad the best water quality. The Powers
site is located in the town of Oxford, NC alongeaver line. The Fairport site on the other hand,
is more rural. The worst sites in terms of watealdy were the Gray site, a very rural site and
the Kim-Brooks site, located just outside of Oxfattch very busy highway intersection (I 85 and
US 15). Therefore, no definitive conclusions canrbade about the location of the sites and
water quality from these results.
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Table 5.3.2-1 Fishing Creek Bottomland Hardwood Forest Water Quality Mean and

Median Results by Site.

Site Name N Parameter Mean | Median Units
Fairport 6 Ammonia 0.05 0.04 mg/L
Gray 2 Ammonia 0.22 0.22 mg/L
Hancock 8 Ammonia 0.08 0.02 mg/L
Kim-Brooks 3 Ammonia 0.03 0.02 mg/L
Munn 11 Ammonia 0.22 0.02 mg/L
Powers 5 Ammonia 0.16 0.08 mg/L
Fairport 6 Calcium 10.2 9.95 mg/L
Gray 2 Calcium 10.5 10.5 mg/L
Hancock 8 Calcium 25.58 22.5 mg/L
Kim-Brooks 3 Calcium 43.67 46 mg/L
Munn 12 Calcium 8.27 4.65 mg/L
Powers 5 Calcium 11.06 12 mg/L
Fairport 6 Copper 2.56 2.33 ug/L
Gray 2 Copper 29 29 ug/L
Hancock 8 Copper 12.55 5.85 ug/L
Kim-Brooks 3 Copper 10.3 9.6 ug/L
Munn 12 Copper 19.68 3.55 ug/L
Powers 5 Copper 9.06 6.3 ug/L
Fairport 6 Dissolved Oxygen (%) 20.75 21 %
Gray 2 Dissolved Oxygen (%) 25.95 25.95 %
Hancock 8 Dissolved Oxygen (%) 28.1 23.55 %
Kim-Brooks 3 Dissolved Oxygen (%) 5.57 7 %
Munn 12 Dissolved Oxygen (%) 33.97 32.35 %
Powers 5 Dissolved Oxygen (%) 17.34 20.1 %
Fairport 6 Dissolved Oxygen (mg/L) 2.15 2 mg/L
Gray 2 Dissolved Oxygen (mg/L) 3.4 3.4 mg/L
Hancock 8 Dissolved Oxygen (mg/L) 3.1 2.7 mg/L
Kim-Brooks 3 Dissolved Oxygen (mg/L) 0.65 0.9 mg/L
Munn 12 Dissolved Oxygen (mg/L) 5.24 5.43 mg/L
Powers 5 Dissolved Oxygen (mg/L) 1.93 2.13 mg/L
Fairport 6 DOC 22.33 21 mg/L
Gray 2 DOC 8.75 8.75 mg/L
Hancock 8 DOC 16.79 14 mg/L
Kim-Brooks 2 DOC 22 22 mg/L
Munn 12 DOC 11.59 12 mg/L
Powers 5 DOC 35.42 42 mg/L
Fairport 6 Fecal Colliform 15.67 10 CFU/100 ml
Gray 2 Fecal Colliform 820 820 CFU/100 ml
Hancock 8 Fecal Colliform 52 24 CFU/100 ml
Kim-Brooks 3 Fecal Colliform 724.67 670 CFU/100 ml
Munn 10 Fecal Colliform 169.4 95.5 CFU/100 ml
Powers 5 Fecal Colliform 117.2 31 CFU/100 ml
Fairport 6 Lead 10 10 ug/L
Gray 2 Lead 78 78 ug/L
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Table 5.3.2-1 Fishing Creek Bottomland Hardwood Forest Water Quality Mean and

Median Results by Site.

Site Name N Parameter Mean | Median Units

Hancock 8 Lead 27.13 10 ug/L

Kim-Brooks 3 Lead 11 10 ug/L

Munn 12 Lead 27.08 10 ug/L

Powers 5 Lead 15.2 11 ug/L

Fairport 6 Magnesium 4.37 4.35 mg/L
Gray 2 Magnesium 6.1 6.1 mg/L
Hancock 7 Magnesium 5.09 5.7 mg/L
Kim-Brooks 3 Magnesium 26.7 31 mg/L
Munn 12 Magnesium 3.09 2.3 mg/L
Powers 3 Magnesium 4.93 5.5 mg/L
Fairport 6 NO2+NO3 0.02 0.02 mg/L
Gray 2 NO2+NO3 0.02 0.02 mg/L
Hancock 8 NO2+NO3 0.06 0.02 mg/L
Kim-Brooks 3 NO2+NO3 0.02 0.02 mg/L
Munn 11 NO2+NO3 0.12 0.02 mg/L
Powers 5 NO2+NO3 0.02 0.02 mg/L
Fairport 6 pH 6.16 6.27 S.U.

Gray 2 pH 6.03 6.03 S.U.

Hancock 8 pH 6.03 6.15 S.U.

Kim-Brooks 3 pH 6.48 6.88 S.U.

Munn 12 pH 5.55 5.7 S.U.

Powers 5 pH 5.92 6.23 S.U.

Fairport 6 Phosphorus 0.52 0.42 mg/L
Gray 2 Phosphorus 0.6 0.6 mg/L
Hancock 8 Phosphorus 0.93 0.48 mg/L
Kim-Brooks 3 Phosphorus 0.65 0.38 mg/L
Munn 11 Phosphorus 0.83 0.1 mg/L
Powers 5 Phosphorus 0.48 0.45 mg/L
Fairport 6 Specific Conductivity 100.87 110 uS/cm
Gray 2 Specific Conductivity 52.8 52.8 uS/cm
Hancock 7 Specific Conductivity 204.34 | 269.9 uS/cm
Kim-Brooks 2 Specific Conductivity 544.5 544.5 uS/cm
Munn 12 Specific Conductivity 88.58 83.35 uS/cm
Powers 4 Specific Conductivity 150.45 | 103.9 uS/cm
Fairport 6 TKN 1.84 1.35 mg/L
Gray 2 TKN 3.95 3.95 mg/L
Hancock 8 TKN 1.36 1.2 mg/L
Kim-Brooks 3 TKN 2.2 2.6 mg/L
Munn 11 TKN 2.13 0.9 mg/L
Powers 5 TKN 2.56 2.9 mg/L
Fairport 6 TOC 31.08 29.75 mg/L
Gray 2 TOC 257 257 mg/L
Hancock 8 TOC 32.81 18 mg/L
Kim-Brooks 3 TOC 121.33 22 mg/L
Munn 12 TOC 119.13 15.5 mg/L
Powers 5 TOC 75.4 71 mg/L

136




Table 5.3.2-1 Fishing Creek Bottomland Hardwood Forest Water Quality Mean and
Median Results by Site.

Site Name N Parameter Mean | Median Units
Fairport 6 Total Suspended Residue 26.97 24 mg/L
Gray 2 Total Suspended Residue 2786.5 | 2786.5 mg/L
Hancock 8 Total Suspended Residue 242.03 41 mg/L
Kim-Brooks 3 Total Suspended Residue 295.67 42 mg/L
Munn 12 Total Suspended Residue 549.04 73.5 mg/L
Powers 5 Total Suspended Residue 225.8 50 mg/L
Fairport 6 Water, Temperature 14.33 17.85 oC
Gray 2 Water, Temperature 13 13 oC
Hancock 8 Water, Temperature 12.39 9.1 oC
Kim-Brooks 3 Water, Temperature 12.83 12.7 oC
Munn 12 Water, Temperature 12.8 15.1 oC
Powers 5 Water, Temperature 13.64 12.4 oC
Fairport 6 Zinc 12.75 10.25 ug/L
Gray 2 Zinc 109.5 109.5 ug/L
Hancock 8 Zinc 62.63 23.5 ug/L
Kim-Brooks 3 Zinc 29.67 20 ug/L
Munn 12 Zinc 56.21 14 ug/L
Powers 5 Zinc 34 38 ug/L
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Table 5.3.2-2 Fishing Creek Bottomland Hardwood Forest Water Quality Mean Results by Station

within Site
Down Up
. Stream Stream
Site N - Down Station N - Up Station
Name Parameter Stream Mean Stream Mean Units
Fairport Ammonia 3 0.07 3 0.02 mg/L
Hancock Ammonia 3 0.02 5 0.11 mg/L
Munn Ammonia 6 0.22 5 0.22 mg/L
Powers Ammonia 2 0.1 3 0.21 mg/L
Fairport Calcium 3 10.13 3 10.27 mg/L
Hancock Calcium 3 46.33 5 13.12 mg/L
Munn Calcium 6 12.48 6 4.05 mg/L
Powers Calcium 2 12.5 3 10.1 mg/L
Fairport Copper 3 2.6 3 2.52 ug/L
Hancock Copper 3 3.37 5 18.06 ug/L
Munn Copper 6 29.42 6 9.93 ug/L
Powers Copper 2 11.1 3 7.7 ug/L
Fairport Dissolved Oxygen (%) 3 18.17 3 23.33 %
Hancock Dissolved Oxygen (%) 3 34.83 5 24.06 %
Munn Dissolved Oxygen (%) 6 38.73 6 29.2 %
Powers Dissolved Oxygen (%) 2 23.2 3 13.43 %
Dissolved Oxygen
Fairport (mg/L) 3 1.97 3 2.33 mg/L
Dissolved Oxygen
Hancock (mg/L) 3 3.52 5 2.84 mg/L
Dissolved Oxygen
Munn (mg/L) 6 5.74 6 4.73 mg/L
Dissolved Oxygen
Powers (mg/L) 2 2.35 3 1.64 mg/L
Fairport DOC 3 27.33 3 17.33 mg/L
Hancock DOC 3 14.32 5 18.28 mg/L
Munn DOC 6 10.92 6 12.27 mg/L
Powers DOC 2 48 3 27.03 mg/L
CFU/100
Fairport Fecal Colliform 3 19 3 12.33 ml
CFU/100
Hancock Fecal Colliform 3 66.33 5 43.4 ml
CFU/100
Munn Fecal Colliform 6 206 4 114.5 ml
CFU/100
Powers Fecal Colliform 2 30 3 175.33 ml
Fairport Lead 3 10 3 10 ug/L
Hancock Lead 3 10 5 37.4 ug/L
Munn Lead 6 37.67 6 16.5 ug/L
Powers Lead 2 19 3 12.67 ug/L
Fairport Magnesium 3 4.43 3 4.3 mg/L
Hancock Magnesium 2 6.15 5 4.66 mg/L
Munn Magnesium 6 3.63 6 2.54 mg/L
Powers Magnesium 1 5.5 2 4.65 mg/L
Fairport NO2+NO3 3 0.02 3 0.02 mg/L
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Table 5.3.2-2 Fishing Creek Bottomland Hardwood Forest Water Quality Mean Results by Station

within Site
Down Up
. Stream Stream
Site N-Down | Station N-Up Station
Name Parameter Stream Mean Stream Mean Units
Hancock NO2+NO3 3 0.02 5 0.08 mg/L
Munn NO2+NO3 6 0.09 5 0.16 mg/L
Powers NO2+NO3 2 0.02 3 0.02 mg/L
Fairport pH 3 6.2 3 6.11 S.U.
Hancock pH 3 6.59 5 5.7 S.U.
Munn pH 6 5.58 6 5.53 S.U.
Powers pH 2 6.28 3 5.69 S.U.
Fairport Phosphorus 3 0.62 3 0.43 mg/L
Hancock Phosphorus 3 0.45 5 1.22 mg/L
Munn Phosphorus 6 1.22 5 0.36 mg/L
Powers Phosphorus 2 0.61 3 0.39 mg/L
Fairport Specific Conductivity 3 110.67 3 91.07 uS/cm
Hancock Specific Conductivity 3 314.67 4 121.6 uS/cm
Munn Specific Conductivity 6 75.53 6 101.62 uS/cm
Powers Specific Conductivity 2 103.9 2 197 uS/cm
Fairport TKN 3 1.81 3 1.87 mg/L
Hancock TKN 3 1.09 5 1.51 mg/L
Munn TKN 6 2.75 5 1.37 mg/L
Powers TKN 2 2.9 3 2.33 mg/L
Fairport TOC 3 26.33 3 35.83 mg/L
Hancock TOC 3 29.33 5 34.9 mg/L
Munn TOC 6 191 6 47.25 mg/L
Powers TOC 2 52 3 91 mg/L
Total Suspended
Fairport Residue 3 26.93 3 27 mg/L
Total Suspended
Hancock Residue 3 94 5 330.84 mg/L
Total Suspended
Munn Residue 6 806.67 6 291.42 mg/L
Total Suspended
Powers Residue 2 138 3 284.33 mg/L
Fairport Water, Temperature 3 14.37 3 14.3 oC
Hancock Water, Temperature 3 13.67 5 11.62 oC
Munn Water, Temperature 6 12.93 6 12.67 oC
Powers Water, Temperature 2 14.5 3 13.07 oC
Fairport Zinc 3 15.33 3 10.17 ug/L
Hancock Zinc 3 19.33 5 88.6 ug/L
Munn Zinc 6 84 6 28.42 ug/L
Powers Zinc 2 31 3 36 ug/L
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Table 5.3.2-3 Fishing Creek Bottomland Hardwood Forests Water Quality Mean Results by
Station

Ammonia (mg/L) 30 0.127 0.147
Calcium (mg/L) 31 19.236 8.882
Copper (ug/L) 31 15.471 10.621
Dissolved Oxygen (%) 31 31.271 23.871
Dissolved Oxygen (mg/L) 31 3.971 3.207
DOC (mg/L) 31 20.461 17.535
Fecal Colliform (CFU/100 ml) 29 110.857 82.533
Lead (ug/L) 31 23.143 20.824
Magnesium (mg/L) 28 4.408 3.797
NO2+NO3 (mg/L) 30 0.049 0.083
pH (S.U.) 31 6.026 5.712
Phosphorus (mg/L) 30 0.835 0.648
Specific Conductivity (uS/cm) 29 138.357 117.553
TKN (mg/L) 30 2.216 1.689
TOC (mg/L) 31 101.214 49.324
Total Suspended Residue

(mg/L) 31 391.343 255.100
Water, Temperature (0C) 31 13.621 12.718
Zinc (ug/L) 31 47.857 44.235
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Section 5.3.3 Bottomland Hardwood Forests: Hydrolog Results and Discussion

Hydrographs for the Bottomland Hardwood ForesthatFishing Creek watershed are shown in
Figures 5.3.3-1 thru 5.3.3-5. Again, the hydrogsaphow electronic depth of the water in the
well, where zero on the y-axis is the bottom of wedl as measured by the transducer. The red
line indicates ground level and the blue line iatks one foot below the surface on the
Bottomland Hardwood Forest hydrographs. As theewétvel increases, it approaches the
surface as indicated by the curves. The surfagengr levels varied slightly between the sites,
but were generally at about 21-25 inches. Some igajpe data exist that are caused by technical
difficulties with the transducers or errors in ddeading the data. The hydrograph for the
Fairport site can be seen in Figure 5.3.3-1. Bl shows a generally flat water level, with a
few exceptions, during the first half of the redags, which then stated increasing during the
spring, then decreased during the summer monthis,seme spikes during the fall, probably due
to precipitation. The Hancock site shows almostittentical pattern, but its water levels start
increasing earlier, during January (see Figure3523. The hydrograph for Kim-Brooks site
(Figure 5.3.3-3) also shows a potential seasort&npa but there is a block of missing data. The
spikes in the water levels clearly indicate thelilaess of this site and reflects the fact that it
located at a major highway intersection just scagh®f Oxford, NC. The Munn site shows a
seasonal pattern as can be seen in Figure 5.3Bhé. highest water levels clearly occurring
during the winter and spring months, with the spike water levels due to precipitation. In
Figure 5.3.3-5, the Powers site clearly shows #messeasonal pattern, with precipitation spikes
during the fall months in particular.

Table 5.3.3-1 shows the percent of the time theemdépth is within one foot of the surface.

The second column shows the percent of the timevéter levels are within a foot of the surface
during the growing season. The Bottomland Hardwieoiksts were within one foot the surface
during the growing season just over 28% of the tmtl the range being 16.85% for the Kim-

Brooks sites to 36.6% for the Hancock site. Amiesting point to note is that the differences
between the growing season and the entire yeavesesmall, just over one percent on the
average.

The Bottomland Hardwood Forests in the Fishing Kreeatershed had very similar
hydrographs, which is expected since they are e dhme general physiographic area (and
watershed) with similar precipitation. It is alstear that Bottomland Hardwood Forests are
much more influenced by precipitation and overbané overland flooding than are the Riverine
Swamp Forests which had much more consistent Watels.
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Figure 5.3.3 — 1 Bottomland Hardwood Forest: Fairp

8002/10/2T 800¢/10/CT
1-8002/T0/0T s 1-8002/T0/0T
l-I.I..\.-.-..hl
(]
3
1-8002/T0/80 5 1-8002/T0/80
7]
2
o
[
[a0]
x
1]
1-8002/T0/90 = 1-8002/T0/90
=, w lm‘nl
Hl L -
il g
IS
0
L gooz/tom0 £ .u.\lh. -8002/T0/%0
-
R . - ) m . ...__.I.I..._...m.-..-.
o leili— I m o = .Iu
g ..w.
-8002/T0/20 3 o A 1-8002/T0/20
z o h\.-. .
S "
-y o o) |._-.-|..|1.ll..
- o o
L (%) c
2 =
T
-,00Z/T0/ZT £ 1-2002/10/2T
- =
2 3
1 I o
. = LL
o ©
N o
/002/T0/0T w m -/,002/T0/0T
=3 °
o <
= T
©
c
<
-2,002/T0/80 c 1-/002/10/80
(@]
B
m
(qV]
I
___________________________ _____________ NOON\HO\@O m ________________________________ ________ NOON\HO\@O
< ™ N — o 5 < ™ N — o
(4 yioT) Buipeay Py (4 yioT) Buipesy
tpdaq o1uoi08|3 W yidaq 21uo0a29[3
i

Time
Top Horizontal Red Line is Ground Surface, Blue Line is One Foot Mark Below Surface
142




rooks

Figure 5.3.3 — 3 Bottomland Hardwood Forest: Kim-B
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Figure 5.3.3 — 5 Bottomland Hardwood Forest: Power
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Table 5.3.3-1 Bottomland Hardwood Forests —
Water Depth: percent within One Foot of Surface

Percent

within one
Percent foot of

within one surface -

foot from growing

Site surface season
Fariport 22.50 30.10
Hancock 39.00 36.60
Kim-Brooks 23.40 16.85
Munn 35.50 32.40
Powers 25.60 24.50
Mean 29.20 28.09

Section 5.3.4 Bottomland Hardwood Forests: Soil Ralts and Discussion

When soil samples were taken from each site (inawdtand upland locations), texture and soil
color was recorded. Each soil core sample takesh the different layers/horizons were
measured, and each layer/horizon was then compaitedthe Munsell soil color chart to
determine hue, chroma, and value. Solil texture also determined in terms of clay, silt, sandy
or loam content of the soil. These results acewshin Table E-3 in Appendix E for Bottomland
Hardwood Forests in the Fishing Creek watershelde dpper soil layers at the Munn site was
primarily a clay loam with the soil becoming moendy (sandy clay loam) at the deeper levels.
The soil color was typically 10YR 4/6, but was hidamottled. One sample was gleyed. Solil at
the Powers site varied ranging from a sandy claynlavith the soil typically becoming a little
sandier at the deeper levels. The soil color BiiclOYR or 7.5YR 4/6 and heavily mottled.
The Fairport site soil also was variable, but pritgaclay based. There were some samples that
were sandy clay, sandy clay loam, and some with dihe soil was heavily mottled and the
Munsell color was typically 7.5YR 4/2 or 5/3 witln@ sample being gleyed. Soil samples at the
Hancock site were primarily a sandy loam or a ¢teym with the typical Munsell color being
10YR at 5/4 or 6/4 with two samples being gleyethatdeeper layers. The soil also was very
mottled. The Gray site was the smallest and was toea large embankment, so some erosion
from the embankment was probably being deposit¢d thie site. The soil was sandy clay loam
or sandy loam with the typical Munsell color beit@YR at 3/2 or 4/2, with mottles. The Kim-
Brooks site was mostly a clay loam with a few sasleing sandier. The typical Munsell color
was 10YR 3/2 or 4/2 with mottles. Overall, soils tae Fishing Creek watershed for the
Bottomland Hardwood Forest were variable, but prilmaandy clay loam or variants thereof.
The soil was typically moderately dark with exteresmottling

Soil samples were collected in the wetland (usually to six samples) and up to four samples
were collected in the uplands surrounding the wetlésee Soils Field Methodology, section
4.3). Table 5.3.4-1 shows the means for all of slod parameters for each Bottomland
Hardwood Forest site for the upland samples anthneétsamples (note that no upland samples
were collected at the Winding River sites, due &vihg to core in maintained lawns). Table
5.3.4-2 shows the mean results for the upland ssrgiid the wetland samples averaged across
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sites. Upland soils were not collected for the ¢tank site due to physical barriers and having to
core samples in the lawns of landowners. From &&bB.4-1, the Gray site had the highest
percent humic matter with the rest of the sitesuaitbe same levels. The highest weight by
volume occurred at the Munn site, but all sitesemegry similar. The Kim-Brooks site had the
highest level of CEC whereas the Munn and Gray $ited the lowest levels. For percent base
saturation, two groupings did appear with the haglevels being the Kim-Brooks, Fairport, and
Hancock sites, respectively and the lowest levetsioed at the other three sites (the Munn site
with the lowest levels, followed by the Gray andmMecs sites). The exchangeable acidity was
highest at the Powers site with the other fivesshiaving similar levels. The least acidic site
(pH) was the Fairport site, but the range was feopH of 5.3 at the Fairport site to a pH of 4.8
at the Munn site. The highest levels of phosphoatsirred at the Hancock site and whereas the
Kim-Brooks site had the lowest levels. The Hancsile also had the highest levels of
potassium with the Kim-Brooks site having the nbighest. The Munn site has the lowest
levels of potassium. For calcium, the Kim-Brooke $iad the highest levels by a large margin
and the Munn and Gray sites had the lowest leviataloium. The Kim-Brooks site also had the
highest levels of magnesium at twice the levelthefnext highest, the Hancock site. The Gray
and Munn sites again had the lowest levels. Hbursihe highest levels occurred at the Powers
site, with the Kim-Brooks and Hancock sites hawing next highest levels. For manganese, the
Hancock site had the highest levels whereas thenMite had the next highest. The Gray site
had the lowest levels of manganese. The highestslef zinc occurred at The Hancock site
with the Fairport and Powers sites being next,eesypely. The Munn site had the lowest levels
of zinc. The Kim-Brooks and Hancock sites hadhlghest levels of copper with the Gray site
having the lowest levels. The levels of sodiumeneighest at the Powers site and the lowest
levels occurred at the Fairport and Munn sitesr riwogen levels, the Hancock site had the
highest, followed by the Gray and Powers sites.

These soil results show that two sites (Hancock lkimd-Brooks) had the highest levels of
potential pollutants (nutrients and metals). Ttleeofour sites had much lower levels. Relative
to the water quality results, the Gray and Kim-Bx®csites had the worst water quality.
Therefore soil results for the Kim-Brooks site a@nsistent whereas the Gray site had few
problems with potential pollutants in the soil. eTRowers and Fairport sites had the best water
guality and this is consistent with the overalll sesults. As with the Riverine Swamp Forest,
there appears to be a relationship with soil quadihd water quality, but for Bottomland
Hardwood Forests, the Gray site had poor watertguait good soil quality. The Gray site was
in a very natural setting but was the smallest a&ité was situated next to a large embankment
and washing of water and soil down the embankmetat the wetland may have had some
influence on the inconsistent results for soil arader quality.

Table 5.3.4-2 shows the results of the soil datagdgnd and wetland. The percent humic matter
and percent base saturation was higher in the mekds opposed to the upland as would be
expected. The weight per volume was higher in uptand, again as would be expected.
Potassium and phosphorus appear to be a littleehighthe upland rather than the wetland.

However, calcium, magnesium, sulfur, manganeses, ziopper, sodium, and nitrogen all are

higher in the wetland. These soil results (as wite water quality results) show that the

Bottomland Hardwood Forest wetlands are again geta sink for excess nutrients and metals
to allow the wetland systems to improve the watelity.
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Statistical tests (ANOVA and Wilcoxon) were perf@anon the soil results on the upland versus
wetland samples. Percent base saturation andnpdremic matter were statistically significant
(Wilcoxon and ANOVA, p<0.053) showing the highevéés in the wetland. Weight by volume
was higher in the upland and was statistically ifigant (Wilcoxon, p<=.001 and ANOVA,
p=0.0003). The soils would generally be expectedhé more compacted in the upland thus
accounting for this result. The CEC was significatatistically with the higher levels in the
wetland (Wilcoxon, p=0.0031). Calcium was statislly significant (Wilcoxon, p=0.0025) with
the higher levels occurring in the wetland. Magmeswas statistically significant (Wilcoxon,
p=0.0031) as was sulfur (Wilcoxon, p=0.0181) witte thigher levels of both being in the
wetland as opposed to the upland. The higherdeokkinc occurred in the wetland and this
difference was statistically significant (Wilcoxgos0.0721, ANOVA, p=0.0422) as was copper
(Wilcoxon, p=0.0743, ANOVA, p=0.0822), again withet higher levels occurring in the
wetland. Sodium was also higher in the wetland wagd statistically significant (Wilcoxon,
p<0.0001, ANOVA p=0.0005). Nitrogen was also higlwe the wetland, but just beyond
statistical significance (ANOVA, p=0.154).

These statistically significant results show thighkr levels of soil nutrients and metals occur in
the wetland as opposed to the upland. As withwheer quality for Bottomland Hardwood
Forest and the soil and water quality data forRhesrine Swamp Forest, these results show that
these wetlands act as a sink for nutrients andIsatal provide the opportunity for improving
the water quality as water flows through the wetlapstem.
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Table 5.3.4-1 Means bi Site for Bottomland Hardwood Forests Uiland and Wetland Soil Samiles

Fairport 14 0.435 0.436 1.380 1.108 4.950 7.308
Gray 10 0.490 0.640 1.190 1.118 3.800 4.325
Hancock 14 0.410 0.996 7.800
Kim-Brooks 13 0.245 0.357 1.210 1.139 19.600 11.418
Munn 20 0.403 0.481 1.103 1.153 5.188 4.892
Powers 19 0.153 0.352 1.288 1.000 4.617 7.908

Fairport 14 72.500 74.917 1.350 1.817 5.200 5.267
Gray 10 53.000 56.000 1.800 1.888 5.150 4.875
Hancock 14 71.786 2.143 5.157
Kim-Brooks 13 88.500 79.909 2.200 2.045 5.600 5.145
Munn 20 47.625 51.500 2.625 2.325 4.913 4.842
Powers 19 47.500 60.308 2.083 3.115 4,967 4,962

Fairport 14 3.850 7.950 19.150 27.608 496.650 760.792
Gray 10 7.150 8.100 66.550 29.863 268.550 326.100
Hancock 14 8.607 37.271 733.693
Kim-Brooks 13 13.000 6.518 59.400 33.555 2182.000 1118.764
Munn 20 4.563 7.758 23.050 20.825 324.938 334.408
Powers 19 14.283 7.808 31.083 29.492 339.200 635.646
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Table 5.3.4-1 Means bi Site for Bottomland Hardwood Forests Uiland and Wetland Soil Samiles

Fairport 14 128.650 196.375 7.150 19.650 55.600 94.450
Gray 10 61.950 88.963 17.000 14.838 61.300 21.825
Hancock 14 229.586 23.114 174.829
Kim-Brooks 13 773.700 447.336 7.500 23.573 60.050 87.964
Munn 20 104.763 102.933 24.238 13.300 126.088 137.725
Powers 19 89.600 186.492 19.583 26.831 64.667 88.992

Fairport 14 0.600 2.367 0.950 1.500 13.000 24.333
Gray 10 1.250 1.263 0.700 0.613 35.000 32.250
Hancock 14 2.514 1.864 35.357
Kim-Brooks 13 2.350 1.900 2.200 1.982 20.000 32.636
Munn 20 1.100 0.892 1.325 1.558 16.750 25.917
Powers 19 1.267 2.208 1.083 1.292 16.667 40.154

Fairport 14 0.000 0.667
Gray 10 1.500 5.250
Hancock 14 7.929
Kim-Brooks 13 3.000 1.091
Munn 20 1.500 0.750
Powers 19 2.000 3.077
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Table 5.3.4-2 Bottomland Hardwood Forest Soil Mean Results for Soil Upland and Wetland

Samples

0.324

1.206

6.295

54.700

2.210

5.050

Wet

0.434

1.079

7.409

66.186

2.254

5.051

Up

8.510

33.055

526.455

165.215

18.735

87.530

Wet

7.814

29.920

665.610

212.324

20.654

107.611

Up

1.240

1.240

18.500

1.650

Wet

1.914

1.519

31.957

3.171
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Section 5.3.5 Bottomland Hardwood Forests: Amphibia Results and Discussion

Amphibian surveys in the Fishing Creek bottomlande$t wetlands found twelve types of
amphibians to the level of species, eight were amiand four were urodelas. The following
amphibian species were identified during the Bottod Hardwood Forest survey: American
toad Bufo americanus Fowler’s toad Bufo fowler), upland chorus frogAseudacris feriarum
northern spring peepeP¢eudacris crucifgr northern cricket frogAcris crepitany, bull frog,
northern green frog, Cope’s grey tree frog, spottathmandersAmbystoma maculatym
marbled salamanderédifibystoma opacuyneastern newtNotophthalmus viridescejysaand state
special concern four-toed salamandeerfiidactylium scutatuyrof which two larval specimens
were found at the Munn site. The observation ofléineae or eggs of fish sensitive species such
as spotted salamanders, marbled salamanders, am@héhfour-toed salamander at the Munn,
Powers, Hancock, Kim-Brooks, and Fairport sitesrduthe March 2007 survey indicate that
these sites do not receive regular flooding froeirthssociated rivers, but rather overland flow
from adjacent uplands. The American toad, which feasd at the Hancock and Powers sites
was the most abundant species in the Bottomlandiitaod Forest amphibian survey. The
spotted salamander and upland chorus frog whicle vebiserved at four sites and northern
cricket frog, which was observed at six sites, wheenext most abundant species of amphibian.

Table 5.3.5-1 shows the significant correlatiorulss(p-value <0.15) for the Spearman’s Rho
and Pearson’s pairwise correlation analyses betwasaphibians and various parameters.
Similarly to the Riverine Swamp Forest analysisuits that had a more significant p-value of <
0.05 and Pearson’s correlation or Spearmans 0.5 are listed in bold blue while results that
had a p-value of < 0.1 and®5 are listed in bold red. Five metrics were emofr use in the
Bottomland Hardwood Forest amphibian IBl: percel¢-BW-seep, percent sensitive, percent
Urodela, AQAI, and species richness. These mehaak significant correlations with the most
disturbance measurements (three to seven distielrarasurements for each metric) including
ORAM, 100M LDI, soil pH, ORAM, and water quality CKlg, specific conductivity, dissolved
oxygen, TOC, TSS, TKN, Zn, Cu, Pb, fecal coliformdathe water quality combination
disturbance measurement. Abundance only correlatbdthe 100M LDI.

Table 5.3.5-2 shows the metric results for eachhef Bottomland Hardwood Forest wetland
sites. The metric results to be used in the BotohIHardwood Forest IBI are shown in bold
red. species richness ranged from 4 (the Gray &itd0 (the Hancock site), percent tolerance
ranged from 17% (the Fairport and Powers site9b#h (the Gray site), percent sensitive ranged
fro 0% (the Gray site) to 67% (the Munn site), patcUrodela ranged from 0% (the Gray site)
to 67% (the Munn site), AQAI ranged from 1.5 (thenkBrooks site, the Hancock site was 1.6)
to 34.2 (the Fairport site), and percent EW-HW-seemmed from 0% (the Kim-Brooks site) to
68% (Powers site). Metric score assignments of*30; “7”, “10” were made according to the
data distribution and are shown in Table 5.3.5&hl& 5.2.5-4 shows the metric score assigned
for the species richness, percent tolerant, permemsitive, percent Urodela, AQAI and percent
EW-HW-seep metrics as the as the total Bottomlaadditood Forest amphibian IBI score for
each Bottomland Hardwood Forest site. The totallabign 1Bl scores ranged from 3 to 51. The
Gray site had the lowest score of 3. This may pdrtl due to the fact that the Gray site was the
smallest site at 0.14 acres. However the lackudiase hydrology at this site was likely an
influencing factor. Very little standing water wabserved on this site indicating the lack of
overland flow or flooding from the adjacent stredrhe Kim-Brooks site scored the next lowest
score of 7. Based on best professional judgentieist,site is not of the highest quality since
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there is a predominance of poison iMyokicodendron radicanson the site and roads, 1-85 and
US 15 are located in the surrounding buffer aréhs. Hancock site, an urban site, scored only a
16 although ten species of amphibians were obseatetiis site. This site had the highest
abundance due to a thriving population of Ameritzads. American toads are a highly tolerant
species with a C of C score of 1, which affectesl itietric score for percent tolerant, percent
sensitive, percent Urodela, AQAI, and percent EW-H&€p. The Munn site scored the highest,
with a score of 54. The Munn site is a high quaitttomland Hardwood Forest, both in terms
of habitat and buffer. Floodplain pools that reeeowerland flow rather then stream flooding
provided habitat for larval salamanders. The Fatrpibe, which scored 51, and the Powers site
which scored 50, also have large areas with poelater that provided habitat for larval
salamanders which would have influenced the metdares for percent tolerance, percent
sensitive, percent Urodela, AQAI, and percent EW-H&€p.
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Table 5.3.5-1 Bottomland Hardwood Forest Significant Correlation Results with Disturbance Measures

Correlation /

Wetland Type Cadidate Metric Disturbance Measuremen t Spearman p p-value Analysis
BLH Y%EW-HW-Seep 100M -0.7924 0.0602 Pearson’s Correlation
BLH Y%EW-HW-Seep Calcium -0.8484 0.0327 Pearson’s Correlation
BLH %EW-HW-Seep Dissolved Oxygen (%) 0.8704 0.0241 Pearson’s Correlation
BLH %EW-HW-Seep Dissolved Oxygen (mg/L) 0.8017 0.0551 Pearson’s Correlation
BLH %EW-HW-Seep Magnesium -0.9673 0.0016 Pearson’s Correlation
BLH Y%EW-HW-Seep Magnesium -0.7714 0.0724 Spearman’s Rho Correlation
BLH %EW-HW-Seep Specific Conductivity -0.7711 0.0726 Pearson’s Correlation
BLH %Sensitive Lead -0.7995 0.0563 Pearson’s Correlation
BLH %Sensitive Magnesium -0.8286 0.0416 Spearman’s Rho Correlation
BLH %Sensitive ORAM Mean 0.7714 0.0724 Spearman’s Rho Correlation
BLH %Sensitive Total Suspended Residue -0.7307 0.0990 Pearson’s Correlation
BLH %Sensitive WQ Combo (w/o fc by WT) -0.6658 0.1488 Pearson’s Correlation
BLH %Tolerance Copper 0.7143 0.1108 Spearman’s Rho Correlation
BLH %Tolerance Fecal Coliform 0.7143 0.1108 Spearman’s Rho Correlation
BLH %Tolerance Magnesium 0.7143 0.1108 Spearman’s Rho Correlation
BLH %Tolerance ORAM Mean -0.6889 0.1301 Pearson’s Correlation
BLH %Tolerance TOC 0.7143 0.1108 Spearman’s Rho Correlation
BLH %Tolerance Total Suspended Residue 0.7714 0.0724 Spearman’s Rho Correlation
BLH %Tolerance WQ Combo(w/o fc by WT) 0.7143 0.1108 Spearman’s Rho Correlation
BLH %Urodela Lead -0.8147 0.0483 Pearson’s Correlation
BLH %Urodela Magnesium -0.8286 0.0416 Spearman’s Rho Correlation
BLH %Urodela ORAM Mean 0.7714 0.0724 Spearman’s Rho Correlation
BLH %Urodela Total Suspended Residue -0.7309 0.0989 Pearson’s Correlation
BLH %Urodela WQ Combo (w/o fc by WT) -0.6678 0.1472 Pearson’s Correlation
BLH %Urodela Zinc -0.6646 0.1499 Pearson’s Correlation
BLH Abundance 100M -0.6667 0.1481 Spearman’s Rho Correlation
BLH AQAI Calcium -0.8930 0.0166 Pearson’s Correlation
BLH AQAI Calcium -0.9429 0.0048 Spearman’s Rho Correlation
BLH AQAI Magnesium -0.7188 0.1075 Pearson’s Correlation
BLH AQAI Magnesium -0.9429 0.0048 Spearman’s Rho Correlation
BLH AQAI ORAM Mean 0.9159 0.0103 Pearson’s Correlation
BLH AQAI ORAM Mean 0.8857 0.0188 Spearman’s Rho Correlation
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Table 5.3.5-1 Bottomland Hardwood Forest Significant Correlation Results with Disturbance Measures

Correlation /

Wetland Type Cadidate Metric Disturbance Measuremen t Spearman p p-value Analysis
BLH Species Richness Fecal Coliform -0.6833 0.1346 Pearson’s Correlation
BLH Species Richness Fecal Coliform -0.8407 0.0361 Spearman’s Rho Correlation
BLH Species Richness Lead -0.7903 0.0613 Pearson’s Correlation
BLH Species Richness Soils Mean(pH) 0.6736 0.1425 Pearson’s Correlation
BLH Species Richness Soils Mean(pH) 0.7537 0.0835 Spearman’s Rho Correlation
BLH Species Richness TKN -0.6957 0.1248 Spearman’s Rho Correlation
BLH Species Richness TOC -0.8580 0.0288 Pearson’s Correlation
BLH Species Richness TOC -0.8407 0.0361 Spearman’s Rho Correlation
BLH Species Richness Total Suspended Residue -0.7997 0.0562 Pearson’s Correlation
BLH Species Richness Total Suspended Residue -0.8117 0.0499 Spearman’s Rho Correlation
BLH Species Richness WQ Combo (w/o fc by WT) -0.7622 0.0781 Pearson’s Correlation

Bold Red = Probility < 0.05 and Bold Blue = Probility > 0.05 and < 0.10, BLH=Bottomland Hardwood Forests
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Table 5.3.5-2 Bottomland Hardwood Forest Candidate Metric Results

%EW-
Species HW-
Site Name Richness Abundance %Tolerance %Sensitive %Urodela AQAI Seep
Fairport 9 41.8 17.94 31.82 34.21 4.96 65.19
Gray 4 42 95.24 0 0 2.62 4.76
Hancock 10 500.35 89.14 4.53 5.77 1.56 7.18
Kim-Brooks 8 34 91.18 4.71 8.82 1.48 0.00
Munn 7 51.2 28.32 66.8 66.8 6.1 34.96
Powers 9 77.55 17.02 26.24 26.24 4.83 68.44
Bold Red = Metrics to be used in Bottomland Hardwood IBls, %EW-HW-Seep = %Ephemeral Wetland-Headwater Wetland-Seep
Table 5.3.5-3 Metric Score Assignments for Bottomland Hardwood Forests
Metric 0 3 7 10
Species Richness <5 <7 <9 29
%Tolerance =50 <50 <30 <20
%Sensitive <5 <30 <50 =50
%Urodela <10 <30 <50 250
AQAI <2 <4 <6 >6
Y%EW-HW-Seep <5 <30 <50 =50
Table 5.3.5-4 Amphibian IBI Scores for Bottomland Hardwood Forest Sites
Species e
Site Name Richness %Tolerance %Sensitive %Urodela AQAI Seep Total
Kim-Brooks 7 0 0 0 0 0 7
Gray 0 0 0 0 3 0 3
Hancock 10 0 0 0 3 3 16
Powers 10 10 3 3 7 10 43
Fairport 10 10 7 7 7 10 51
Munn 7 7 10 10 10 7 51
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Section 5.3.6 Bottomland Hardwood Forests: Macrowertebrate Results and Discussion

Section 5.3.6 will be delivered to the EPA at addime when the macroinvertebrate samples
have been identified, enumerated, and analyzed.

Section 5.3.7 Bottomland Hardwood Forest: Vegetain Survey Results and Discussion

Bottomland Hardwood Forests of the Fishing Creeltevghed contained over 150 vascular
species of trees, shrubs, grasses, sedges, rdsires, and forbs. These systems were forested
with mature trees with American elm, sweet gum, radple, and green ashFréxinus
pennsylvatica dominating. Other tree species included winged @Jimus alatg, tulip tree
(Liriodendron tulipiferg, hackberry Celtis laevigaty willow oak Quercus phellgs and box
elder Acer negundp The most dominant shrub species was tag aldiewied by the invasive
exotic Chinese privetL{gustrum sinenggwhich is a common problem species in the Piedmon
of NC. The most dominant herb layer species is alsproblem exotic invasive, Nepalese
browntop Microstegium vimineujn Other common herb stratum species were jewelweed
(Impatiens capens)s false nettle Boehmeria cylindricgl Virginia bugelweed Lycopus
virginicus) and various species Gfarex Ferns were less common in the Bottomland Hardwood
Forests than Riverine Swamp Forests. Species daasemere Christmas fernP¢lystichum
acrostichoidey lady fern Athyrium filix-femind, and netted chain fermoodwardia areolath
Poison ivy was highly dominant at a couple of thess(Kim-Brooks, Hancock, Powers) and
occurred at all of the Bottomland Hardwood Fordéstss Other vine species that occurred in the
bottomland hardwoods included trumpet vine, comngpvaenbriar, Japonese honeysuckle,
Virginia creeper, and muscadine grape.

Table 5.3.7-1 shows the significant correlatiorulss(p-value_<0.15) for the Spearman’s Rho
and Pearson’s pairwise correlation analyses. Rethdt had a more significant p-value of < 0.05
and Pearson’s correlation or Spearman*s0.5 are listed in bold blue while results thatlla p-
value of < 0.1 and 8.5 are listed in bold red. The following fact@rsre considered a priority in
choosing metrics for the Bottomland Hardwood Forpkint IBI: 1. Metrics with lower
probabilities: 2. metrics that were significant bmth Pearson’s correlation and Spearman’s Rho,
3. metrics that correlated with more then one digtnce measurement, 4. metrics that were not
measuring similar biological attributes (e.g. natlverb richness and herb richness), 5. metrics
that correlated with ORAM which was a better measwant of site condition, 6. types of metrics
that measured different aspects of the vegetatbomnaunity (i.e. community balance structure,
wetness, functional groups, and community strugtureere were a total of 14 plant metrics
with significant results (see Table 5.3.7-1), hoereweight metrics were chosen for the
Bottomland Hardwood Forest plant IBIl. The Bottondd#ardwood Forest metrics chosen were
dominance for the community balance metric typeQi¥et cover and wetland shrub cover for
the wetness characteristic metric type, Bryophyteec, Carex richness and Cyperaceae,
Poaceae, and Juncaceae richness for the funcfrangl metric type, and native herb richness
and standing snag importance for the communitycgirea metric type. These metrics had the
more significant results (lower p-value) and wezpresentative of four of the different metric
types. Few of these metrics correlated with ORAM anne of the metrics correlated with both
statistical tests as was the case with the Rive8wamp Forest analysis, which indicates the
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Bottomland Hardwood Forest analysis has fewer sggmt results than the Riverine Swamp
Forest data.

Table 5.3.7-2 shows the metric results for eachhef Bottomland Hardwood Forest wetland
sites. Metric results ranged from 0.43 (the Pow&ts) to 0.75 (the Fairport site) for the
dominance metric which indicated that the Fairite¢ had a couple of species that were more
dominant while the Powers site had species thae wasre evenly distributed. Metric results
ranged from —0.11 (the Gray site) to 3.08 (the ldakcsite) for the FAQWet cover metric and
0.75 (the Fairport site) to 61.5 (the Munn sita)tfee wetland shrub metric which indicates gray
has a more dominant coverage of upland plants epa@d to the Hancock site which is the
most dominantly covered with wetland plants and tha Fairport site has the least coverage of
wetland shrubs as compared to the Munn site whashthe most. Metric results ranged from 0
(the Kim-Brooks site) to 7.6 (the Fairport site) the Bryophyte cover metric, 4 (the Fairport
site) to 7 (the Powers site) for the Carex richnesgric, and 6 to 13 for the Cyperaceae,
Poaceae, and Juncaceae richness metric. Thesés reglitate that the Fairport site has the
highest cover of moss as compared to the Kim-Braitks which has no cover, the Powers site
has the highest number of Carex species and thpdfasite the least, and the Powers site has
the highest richness of sedges, grasses, and rasloesnpared to the Fairport site which, again,
has the least. Metric results ranged from 14 (thepbrt site) to 37 (the Gray site) for native
herb richness and 0 (the Kim-Brooks site) to 1.1 (Fairport site) for standing snhag
importance. These results indicated that the Feigite had the fewest species of native herbs
while the Gray site had the most and that the Bairgite had the highest number of snags and
therefore, better wildlife habitat in terms of negtcavities while the Kim-Brooks site had the
least. The vegetation survey of the Gray site maselpicked up some upland due to the small
size of the site thus increasing the herb diverditye Fairport site had the least ground cover
probably due to winter flooding and therefore sddmevest under a number of the metric types.

Metric score assignments of “0”, “3”, “7”, and “1GVere made according to the data results
distribution and are shown in Table 5.3.7-3. Tahl&7-4 shows the metric score assigned for
the eight individual metrics chosen for the Bottand Hardwood Forest Plant IBI and the total
IBI score. The total Bottomland Hardwood ForestnPIB| scores ranged from 29 to 55. The
Munn site scored 55 with the Powers site beingrsg@t 46 and the Hancock site being third at
40. The Munn site is a mature forested BottomlarafdWood Forest with little sign of
disturbance. The Powers and Hancock sites are métare forested Bottomland Hardwood
Forests. However, they are both near a sewageathdethe Hancock site is adjacent to a busy
road and had a more disturbed buffer than the Powgieg. The Fairport site scored the lowest
with 29 while the Kim-Brooks site scored seconddstvwith 30. The Fairport site is a mature
forested Bottomland Hardwood Forest but the undgrsthrubs and herbaceous vegetation was
minimal which would have lowered the overall pl&Bk score for this site. The Kim-Brooks site
is also a mature forested Bottomland Hardwood FEok®wever poison ivy is highly invasive
here, diversity is not as high, and 1-85 and USublocated in the buffer.
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Table 5.3.7-1 Bottomland Hardwood Forest (BLH) Significant Correlation Results with Disturbance Measures

. Disturbance Correlation / .
Wetland Type Metric Measurement Spearman p | p-value Analysis
Community Balance Metrics
Bottomland
Hardwood Dominance Watershed LDI 0.7477 0.0875 Pearson’s Correlation
Bottomland
Hardwood Species Richness 100M LDI -0.6957 0.1248 Pearson’s Correlation
Floristic Quality Metrics
Bottomland
Hardwood Average C of C Watershed LDI -0.7143 0.1108 Spearman's Rho Correlation
Wetness Characteristics Metrics
Bottomland
Hardwood FAQWet Cover 100M LDI -0.8271 0.0841 Spearman's Rho Correlation
Bottomland Wetland Shrub Species
Hardwood Richness ORAM Mean 0.7527 0.0842 Pearson’s Correlation
Funtional Metrics Groups
Bottomland
Hardwood Carex Richness Watershed LDI -0.9344 0.0063 Spearman's by Wetland Type
Bottomland Cyperaceae, Poaceae,
Hardwood Juncaceae Richness Watershed LDI -0.8659 0.0258 Pearson’s Correlation
Bottomland
Hardwood Dicot Richness 100M LDI -0.6765 0.1401 Pearson’s Correlation
Bottomland
Hardwood Cryptogram Richness Watershed LDI -0.6665 0.1483 Spearman's Rho Correlation
Bottomland
Hardwood Bryophyte Cover 100M LDI -0.7666 0.0753 Pearson’s Correlation
Community Structure Metrics
Bottomland
Hardwood Total Herb Cover 100M LDI -0.7301 0.0995 Spearman's Rho Correlation
Bottomland
Hardwood Total Herb Richness 100M LDI -0.8697 0.0244 Pearson’s Correlation
Bottomland
Hardwood Native Herb Cover 100M LDI -0.7440 0.0899 Pearson’s Correlation
Bottomland
Hardwood Native Herb Richness 100M LDI -0.8697 0.0244 Pearson’s Correlation
Bottomland
Hardwood Standing Snag Importance 100M LDI -0.7789 0.0679 Pearson’s Correlation

Bold Red = Probility < 0.05 and Bold Blue = Probility > 0.05 and < 0.10
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Table 5.3.7-2 Bottomland Hardwood Forest Plant Metric

Results
Cyperaceae,
Poaceae, and Standing
) FAQWet Wetland Bryophyte Carex Juncaceae Native Herb Snag
Site Dominance Cover Shrub Cover Cover Richness Richness Richness Importance
Fairport 0.75 0.25 0.75 7.58 4.00 6.00 14.00 1.19
Gray 0.57 -0.11 3.25 3.18 5.00 11.00 37.00 0.17
Hancock 0.62 3.08 2 0.67 5.00 10.00 24.00 0.85
Kim-Brooks 0.56 0.07 6 0.00 6.00 12.00 22.00 0.00
Munn 0.51 0.52 61.5 0.88 5.00 10.00 30.00 0.65
Powers 0.43 0.48 2.25 0.65 7.00 13.00 31.00 0.35
Table 5.3.7-3 Plant Metric Score Assignments for Bottomland Hardwood Forests
Metric 0 3 7 10
Dominance =0.70 <0.70 <0.60 <0.50
FAQWet Cover <0.20 <0.50 <3 >3
Wetland Shrub Cover <5 <20 <30 =30
Bryophyte Cover <0.5 <2 <5 =5
Carex Richness <3 <5 <7 27
Cyperaceae, Poaceae,
and Juncaceae
Richness <6 <9 <12 212
Native Herb Richness <15 <25 <35 =35
Standing Shag
Importance <0.30 <0.50 <1 =1
Table 5.2.7-4 Plant IBI Score for Bottomland Hardwood Forest Sites
Cyperaceae,
Poaceae, and Standing
) FAQWet Wetland Bryophyte Carex Juncaceae Native Herb Snag
Site Dominance Cover Shrub Cover Cover Richness Richness Richness Importance Total
Fairport 0 3 0 10 3 3 0 10 29
Gray 7 0 0 7 7 7 10 0 38
Hancock 3 10 0 3 7 7 3 7 40
Kim-Brooks 7 0 3 0 7 10 3 0 30
Munn 7 7 10 3 7 7 7 7 55
Powers 10 3 0 3 10 10 7 3 46
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Section 6 — Results: Coastal Plain and Piedmont Sth8asin Wetlands

Section 6.1 Small Basin Wetlands Introduction and Bckground

Small Basin wetlands are found throughout the Szaghand comprised a highly diverse array
of wetlands that have variable soils, plant assiocia, and geologic histories. Small Basin
wetlands are often considered isolated with noaserfivater connection to downstream waters.
Wetlands, including those that are isolated, camigkly important for aquifer recharge, flood
attenuation, water quality, habitat, and biodivgrsif plants and animals including at-risk rare
species (Eshleman et al. 1992, Stone and LindleyneSt1994, Whigham and Jordan 2003,
Semlitsch and Bodie, 1998). Development, loggingd aagriculture have caused the
diminishment of these critical ecosystems in thed$zape. Additionally, isolated wetlands are
not protected at the national level. There are mouowe classification systems for identifying
wetlands, including Small Basin wetlands (bothasedl and non-isolated). This review of Small
Basin wetlands will discuss the ways in which Snidlsin wetlands are defined in North
Carolina and how that description compares witllystites chosen for this project. Four of the
wetland sites studied in the Coastal Plain are IPard3ays, which are a unique type of basin
wetland named aptly for the region of the counthere they predominate. The geologic history
and formation, soil type, vegetation, hydrologyd avater chemistry of Carolina bays will also
be discussed in detail. The geology, formation,etatipn and soils of Piedmont wetlands will
also be examined in this section. In addition, ithportance of isolated Small Basin wetlands,
how they have been impacted, and associated femleiladtate regulations will also be discussed.

Basin wetlands have been categorized in differeaytsvwvithin the U.S. and North Carolina. The
two methodologies that will be discussed in thigtisa are specific to North Carolina, the North
Carolina Wetland Assessment Method (NCWAM) and tt@assification of Natural
Communities of North Carolina, Third ApproximatiofiSchafale and Weakley, 1990). The
North Carolina Wetland Assessment Method (NCWAM}iakh was used to identify Small
Basin wetlands for this study, defines these wetaas depressions found on interstream divides
or coastal islands that are surrounded by uplamdsr®t dominated solely by dense, waxy,
pocosin type vegetation. This definition also imgda wetlands that occur on the fringes of small
water bodies (< 20 acres in size). Small Basinamel$ are located throughout the state of North
Carolina but are the most concentrated in the @b&hin due to the predominance of Carolina
Bays which will be described below. Small Basinlamtls are surrounded by uplands, but there
may be a natural or man-made hydric conveyanceciagsd with the wetland. Small Basin
wetlands, according to NCWAM, tend to be seasontdlysemi-permanently inundated with
fluctuating water tables that often result in seasdigh water marks on vegetation (NCWAM
2008). Soils are often mineral based but can bamicgin the Coastal Plain. The NCWAM
definition of the Small Basin wetland is a genecategory that encompasses six types of
wetlands that are defined in more detail accordanglant associations and soil type by the NC
Natural Heritage Program (NC NHP) and the “Clasatibn of the Natural Communities of
North Carolina, Third Approximation” (Schafale akéeakley, 1990). These six types of Small
Basin wetlands recognized by the Natural Heritaggfm and the “Third Approximation” are
Upland Depression Swamp Forest, Upland Pool wetlgfatated primarily in the Piedmont
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wetlands), and Vernal Pool, Cypress Savanna, Sbegression Pond, and Inner Dune Pond
wetlands (located primarily in the Coastal Plain).

In “The Third Approximation”, Upland Pools and Upth Depression Swamp Forest are both
found in the Piedmont. However, Upland Pools atmibsolely in the Piedmont and Mountains
whereas the Upland Depression Swamp Forests acefalsid in the eastern and central
Piedmont and possibly the upper Coastal Plain. Bgibs of wetlands are seasonally flooded
and have a hard pan of clay or rock that hindeasndge. Hydrology is primarily related to
rainwater input and evaporation and evapotranspiratpland Pools typically have an open
canopy, often do not show up on soil surveys, akeha longer hydro-period then the flatter
Upland Depression Swamp Forests. Dominant canopgiep of these two Small Basin Wetland
types are black gunNfyssa sylvatica willow oak Quercus phellgs red maple Acer rubrun),
sweet gum l{iquidambar styraciflu® tulip tree Liriodendron tulipiferg, and swamp chestnut
oak @Quercus michauxii (Schafale and Weakley, 1990). “The Third Approation’s”
description of Upland Pools and Upland DepressiararBp Forests suggest that all of the
Fishing Creek watershed Small Basin wetland siteslldvbe defined as Upland Depression
Swamp Forests by this classification system. Howewe longer hydroperiod and open canopy
in the center sections of the Dargan and BeltorelCsites indicate portions of these sites are
Upland Pools that transition into Upland Depressssvamp Forests. Upland Pools and Upland
Depression Swamp Forests in other regions of tliatcp are sometimes referred to as “vernal
pools” (Zedler 2003) which “The Third Approximatibdefines differently.

The Natural Heritage Program and “The Third Appneiion” defined vernal pools, cypress
savannahs, small depression ponds and inner dumds @nd states they are distributed in the
NC Coastal Plain. Vernal Pools, as defined by tHéPNand “The Third Approximation”
(Schafale and Weakley, 1990), are distributed i @oastal Plain only and are seasonally
flooded gently sloping depressions found in sanoly wegetated with species such as little
bluestem $chizachyrium scoparioumPanicum spp., clubhead cutgradsersia hexandra
Carex spp, and Virginia chain fern Woodwardia virginica) Small Depression Ponds are
permanently flooded sinkholes, small Carolina bayg] other upland depressions. Concentric
zoned Small Depression Pond vegetation typicaltjushe species such as white water lily
(Nyphaea odorata)big floating-heart ymphoides aquaticayellow cow-lily (Nuphar lutea)
comb-leaf mermaid-weedPfosperpinaca pectinatagnd bladderwortUtricularia spp.) outlined

by maidencane Ranicum hemitomgn Panicum spp., spikerushBEleocharis spp.), beakrush
(Rhynchosporapp.), and Asian coinleaCéntella asiatica) Cypress Savannas are clay-based
Carolina bays that are seasonally to temporardpded. Cypress Savannas have an open to
sparse canopy dominated with pond cyprd@ax@dium ascendensnd may also have swamp
tupelo (Nyssa biflord, loblolly pine Pinus taed® pond pine Rinus seroting and sweet gum
with shrubs such as sarvis hollifek amelanchier) fetter-bush I(eucothoe racemosaji-ti
(Cyrilla racemiflora), and fetter-bushL{yonia lucidg also present. Interdune Ponds, also a type
of Coastal Plain Small Basin wetland, are wetlaaegréssions in active or relict dunes of barrier
islands (Schafale and Weakley, 1990). In the Loadvéolly River watershed, the Seawatch
Bay, Sikka, Martin-Amment, and Seawatch Nauticassire Carolina bays that most closely
resemble Cypress Savannah descriptions as defiyedsdhafale and Weakley’'s “Third
Approximation” (1990). Mill Creek is also a CypreSavannah but not oriented in the typical
northwest-southeast direction of Carolina bays Wwtace described further in this section. The
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Seawatch Bay, Mill Creek and Sikka sites have opater sections that are normally flooded
year round (although severe drought conditionsO@72and 2008 dried these areas) and appear
to be more closely defined by the Third Approxiraats, Small Depression Pond description.
The Seawatch Bay, Mill Creek, and Sikka sites gjissmle into Pocosin-like vegetation around
the edges. The interior of the Bluegreen golf isitenost similar to a vernal pool, as described by
the Third Approximation, with its open grassy inbderwhile the shrubby exterior appears to be
more indicative of a Small Depression Pocosin.

A number of wetland studies have been conducte@aastal Plain Carolina bays due to their
prevalence in the mid-Atlantic Coastal Plain and shape and northwest-southeast orientation
of this wetland type. Carolina bays can either Beosin or a Small Basin Wetland as defined
by NCWAM. Carolina bays are elliptical shaped wedls with a northwest-southeast long-axis
that range in size from 50 m to 8 km in length €Fi2003, Messina and Conner, 1998, Sharitz
2003). Carolina bays are found from New Jerseyldada but are concentrated in southeastern
North Carolina and the mid-coastal range of Sowloftha (Sharitz 2003). These Carolina bays
occur between elevations of a few meters to 200 the extreme upper Coastal Plain (Sharitz
2003). Variable theories on the formation of Cara@liBays have been suggested, the most
generally accepted attributes the shape and otiemtaf these uniquely identifiable wetlands to
historic modification of shallow ponds through actiof waves generated by southerly winds
(Sharitz 2003, Messina and Conner, 1998). The starsty of age among Carolina bays is
doughtful, however radiocarbon dates from orgaediraents indicate bays were formed 16,000
to 48,000 before present (bp) (Sharitz 2003). &pyraiphic studies have also indicated that bays
have been gradually filling for the last 4000-45@@rs.

Carolina Bay plant associations are variable dudiffering soils, water depth, hydroperiods,
and successional history. Droughts every 10 to 8@rsy can shift species from aquatic
macrophytes to wetland emergents and / or invaapland species. Fires during times of
drought can also burn holes in the peat layer @sdltr in the establishment of new plant
communities such as cane breaks and even Atlattite wedar communitieChamaecyparis
thyoide3 (Messina and Conner, 1998). NCWAM (2008) consdevo wetland types to be
associated with Carolina Bays (Small-Basin Wetland Pocosin) while Schafale and Weakley
(1990) recognizes nine wetland communities to bso@ated with Carolina Bays (Small
Depression Pocosin, High Pocosin, Low Pocosin, €gprSavannah, Bay Forests, Peatland
Atlantic White Cedar Forest, Pond Pine Woodlandabmepression Pond, and Natural Lake
Shore. [Schafale and Weakley, 1990]). In the Lodkavé-olly River watershed, the 2007 and
2008 drought has enabled upland volunteers (Ewgpatorium caprillifollium, Erechtites
hieraciifolia andPinus taedaseedlings) to establish themselves in areas #thbhce deep open
water or populations of aquatics plants (such aemidy [Nymphaea odorajaat the Seawatch
and Sikka sites. The basin sites have been dmgarly dry since the summer of 2007. Figures
6.1-1a and 6.1-1b show pre-drought conditions &@¥ 2008 existing drought conditions at the
Seawatch site.

Carolina Bay soils range from highly organic togominantly mineral. Most Bays are underlain
with sand, alternating with layers of imperviousyl which hinder groundwater movement.
Bays can have stagnant or very slow sheet flove. dére that bays are flushed completely thus
organic matter such as peats and mucks accumWN&ssina and Connor, 1998). Soils are
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generally histosols or fine to course textured maheoils. Bay soils can have loam overlying
loamy sand or sand. Additionally farther into tiéerior of the Coastal Plain loam, often sand
clay loam, clay loam or clay are prevalent. Orggeat deposits range from less than 1cm thick
to 200 cm thick with thicker deposits found clotethe coast (Sharitz 2003). Organic deposits
also tend to be thicker in the center of bays. b&l{s also have a characteristic southeastern,
upland, sandy rim. Organic histosol bays occurtenGroatan, Mattamuskeet, and Pamlico soil
series while the more mineral Coastal Plain intebays tend to be of the Byars, Pantego,
Torhunta, Coxville, McColl or Rains soil series. e€Tthockwood Folly River sites were all
mapped on sand or loamy soils including hydricssbiurville and Rains and upland soils with
hydric inclusions; Kureb, Blanton, Baymeade, anceBton.

The majority of bays receive hydrological inputsotilgh precipitation. Also evidence suggests
suggests that some bays have subsurface latenahfid a few have artesian water sources. Bays
store surface water during storm events and periddseavy rainfall thereby reducing local
flooding and slowly releasing surface water input® local groundwater. Some bays are
seasonally wet or have permanent to semi-permapends that dry only during droughts
(Sharitz 2003). Water levels fluctuate between aeasd among years depending on rainfall
pattern. The fluctuating inputs and losses of GaaoBays result in a water table that fluctuates
between one to two meters above to one meter bisevgurface (Messina and Conner, 1998).
The 2007 and 2008 drought easily had fluctuatioithimv this range at the Lockwood Folly
River Carolina Bay study sites. The Seawatch Beeymiobably had the most drastic water table
fluctuations as indicated by 10-foot high water ksain the cypress trees and dry monitoring
wells (see Figure 6.1-1a and 6.1-1b). Carolina Bgpgcally fill with water during the cooler
winter season when there are moderate rain lewligh is followed by a decline in the water
table as the warmer weather promoting evaporatimh growing season evapotranspiration.
Sometimes late summer and early fall storm evesifood the bays (Messina and Connor,
1998). However, timing and duration of hydroperiods differ greatly among bays, even those
in close proximity and hydroperiod is not necesgaai function of the size of the depression
(Sharitz 2003). Ditching also has the capacitglter the hydroperiod of Carolina Bays or any
Small Basin wetland via surface drainage.

Various factors influence the water chemistry ofdbmcluding the location of the bay within the
Coastal Plain, landscape and variation in shallowugdwater chemistry, weathering of
underlying mineral substrates, paludification asgogiated accrual of organic substrates and the
degree to which precipitation verses runoff or klalground water dominated hydrology. In
addition, ditching into or out of a Carolina Bay other Small Basin wetland can cause an
unnatural rapid influx or output of contaminants.h&avy rainfall could cause rapid water
movement into or out of a Carolina Bay or other BrBasin wetland without providing for
proper diffuse flow of overland runoff or slow watetention that allows for transformation of
pollutants. Carolina Bays generally contain omlmptic ponds that are acidic (median pH 4.6),
variable in conductivity (32-320 pmhos/cm), and énakssolved organic carbon (DOC) values
that range from 2.1 to 70 mg/L (Shar#@03, Messina and Connor 1998). The Lockwood Folly
River Carolina bay sites were similar with a medi&hof 4.1, specific conductivity was variable
(46.6-243.5umhos/cm), and DOC values ranged from 17 to 10Qndie Bluegreen Golf and
Mill Creek sites, although not bays, fell withinetlranges of the other sites for specific
conductivity and DOC with pH being slightly moresiba
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In the Piedmont, Small Basin wetlands are smallerenrregular in shape, and fewer in number.
Piedmont upland pools, which are rarer then Piedrbimtand Depression Swamp Forests, are
believed to slowly fill in over time and succeedUpland Depression Swamp Forests. Upland
Depression Swamp Forests are considered to benaxkommunity by Schafale and Weakley
that form on mafic igneous or metamorphic rock pareaterial. High base levels in mafic rocks
promote the formation of montmorillonite clays whiihibit drainage. These Small Basin
wetlands can also form over acidic shales or hameks (Schafale and Weakley, 1990). In the
Piedmont, Small Basin wetlands have variable gpiés. Piedmont basins are commonly found
in mafic depressions including two of the Fishinge€k sites; Belton Creek and Eastwood
(NCWAM, 2008). The Fishing Creek sites occurrednhydric inclusions of upland soils that
were mapped as Iredell, Lignun, Vance, Enon, Cacitl Helena along interstream divides. In
the Piedmont Small Basin wetlands, the median vafygH was more basic, 5.17, and specific
conductivity ranged from 26.46-202.0 pumhos/cm, &/BIOC values ranged from 7.4-97 mg/L.

Small Basin wetlands are usually isolated althosgme do have natural stream inlets or outlets
and many have been ditched, especially in the @bBR&iin.A study of 2651 SC bays showed
that 97% had been disturbed, primarily by agrigelt(r1 %), logging (34%), or both. In some
rapid growing areas like Brunswick County, develepinthreats are a greater risk to the
Carolina bays (Sharitz 2003). There are few unadtdrays in the Coastal Plain and preservation
of many of those remaining will require naturalefior prescription burns to maintain their
vegetation (Messina and Conner, 1998). Ditchingwifall Basin wetlands is more unusual in
the Piedmont. However basin wetlands are losteielbpment, due to their small size. The
Fishing Creek watershed, as was discussed in $eétib, although not experiencing the
population growth of the Lockwood Folly River wagbed, is slated for roadway expansion
work by NCDOT. Additionally, the North Carolina Dagpment of Agriculture & Consumer
Services near the city of Oxford plans $35,000tf@ development of a biodiesel Feedstock
Research plant. Others areas of the Piedmont, asidhe Triangle, Triad, and Charlotte are
experiencing faster population growth and develagnikan in the Fishing Creek watershed
around Oxford. At the Fishing Creek sites, onelshatitch bisects the Goldston site, however
this ditch does not connect with downstream watliane of the other Fishing Creek Small
Basin wetlands were ditched, although three ofttes (Eastwood, Belton Creek, and Hart sites)
had been partially or completely logged. The Eastagite also had a first order stream
connection to downstream waters. In the Coastah Rlackwood Folly River sites, just one of
the basin wetlands (the Sikka site) had a natuahection. The Mill Creek and Blue Green
Golf sites had ditches that connected to downstreaters. The Seawatch Nautica site had an
old and no longer hydrologically connected ditchtlom West side.

Small Basin wetlands are a common type of isolatetland in the Piedmont and Coastal Plain.
Other types of potentially isolated NCWAM wetlandslude some pocosins and seeps. Small
Basin wetlands are often considered to be histiyitsmlated wetlands but are no longer isolated
due to ditching. Isolated wetlands are criticathypiortant ecosystems that can provide ecological
value and hydrological function. Although the imfamrice of the ecological and functional value
of wetlands in the landscape is well documentegtetiare still significant gaps in our knowledge
of “isolated” wetlands, especially in regards toteveguality and hydrology. Wetlands that are
surrounded by uplands and have no obvious surfaaologic connection have been
traditionally called “isolated wetlands”. Tiner (@B) presented “geographically isolated” as a
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better term for describing isolated wetlands beeauany of these systems are hydrologically
connected to other water bodies through groundm@ienections or intermittent overflows.
Tiner also points out that there are no ecologicablated wetlands as all ecosystems are
connected. Studies have shown that isolated wetlpnovide specialized habitat for numerous
plant and animal species, including many at-rislkecggs that require specific conditions
associated with isolated wetlands to survive (Coenhal 2005).

A regional isolated wetland study of eight countieshe NC and SC Coastal Plain is currently
being completed by RTI International (RTI 2009)e tRC Center for Geographic Information
and Analysis (CGIA), and the NC DWQ. This studyrid that of 170 sites that were potentially
thought to be isolated 64 were historically isalat87 were never isolated, and 19 were never
wetlands. Currently, 48 of the 170 sites were fotmdbe isolated, however seven of those 48
were not historically isolated and had become tsdlalue to roadway or some other kind of
development. Therefore only 41 of the 64 histolycelolated wetlands were still isolated. This
study plans to use this information to extrapoldie actual percentage of land coverage of
isolated wetlands in this eight county NC and SGstal Plain area. NCDWQ'’s review of
wetland 401 permits indicates that only 2.80 peroépermit applications in the last seven years
are, in fact, for isolated wetlands, however onfipacts greater than one acre require mitigation.

Isolated Small Basin wetlands rarely are completetyated hydrologically as many of these
systems are connected by groundwater flow. Theegegf isolation is primarily controlled by
the hydraulic conductivity of the geologic matesi#through which the groundwater flows from
and to the wetland. Water can flow freely as ibtigh pipes when passing through limestone, or
gravel aquifers, while the rate may seem nearlyemogptible when passing through silt and
clay. It should be noted, though, that isolatedavets with the most impermeable sediments, as
can be the case with Carolina bays, are the miadylto fill and spillover during times of high
precipitation (Winter and LaBaugh 2003).

Isolated Small Basin wetlands can also have impoutater quality functions. Isolated wetlands
have the potential to affect water quality sincedsts have shown these systems have direct
hydrological interactions with other wetlands arglands via groundwater and an intermittent
surface water connection (Whigham and Jordan 20833urvey of 49 bays in North and South
Carolina (Newman and Schalles 1990) suggestedthiat waters were strongly influenced by
shallow ground water. Water solutes (including eamhants) can seep from isolated wetlands
into groundwater systems over weeks, months, orsy@&inter and LaBaugh 2003). Isolated
wetlands can act as a nutrient sink and alteratomodd cause negative impacts to downstream
surface and groundwater quality (Whigham and Jo2208). Additionally, isolated wetlands
that are ditched and receive upstream pollutanitgat a higher rate due to the ditching may not
be able properly filter and attenuate these poilgtéhus resulting in impacts to the downstream
water quality and aquatic habitat.

From an ecological perspective, the density anpledsson of Small Basin isolated wetlands in a
landscape combined with the condition of the cotingaipland corridor is vital for the survival

of a number of wildlife species, especially ampaiis that depend on geographically isolated
wetlands for survival. Many frogs and salamandeguire fish-free small depressional wetlands
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that dry out annually for larval stages (Leibow203). Nearly one-third of the 96 amphibian
species found in NC need wetlands void of predatorsurvive (Braswell 2006). Many
amphibians live terrestrial or fossorial lives ipland habitats and usually return to their natal
wetlands. One study noted that of 93% amphibiansndo their natal wetlands to breed while
7% dispersed (Scott, 1994). Many amphibians thaéde on isolated wetlands for breeding also
need healthy adjacent forested terrestrial habtasome or all of their life cycles for nesting,
hibernating aestivation, foraging, and migratioribf§éns, 2003). Small isolated depressional
wetlands can support enormous numbers of metamsih@mphibians. A one year study of
two 2.5 ac clay-based bays in SC resulted in thuca of 72,000 immigrating or emigrating
amphibians including nine species of salamander saxigen species of frogs (Gibbons and
Semlitsch, 1981; Messina and Conner 1998). Thewbnfys show that amphibians are a key
wetland ecosystem component and have the poteatiaansfer significant amounts of energy
between aquatic wetland systems and surroundingsteal habitats (Gibbons et al. 2005).

A number of factors related to isolated wetlandgehlaeen shown to affect wetland amphibian
population density and diversity. Amphibian rickeehas a positive relationship between
wetland hydroperiod but not wetland size (Shad@)3). However, amphibian richness has been
found to decrease with greater wetland isolaticzabse a series of wetland complexes aid in the
dispersal and recolonization of amphibians. Therdeson of small isolated wetlands can have
especially detrimental affects on amphibian disperamigration, and ultimately population size
(Semlitsch and Bodie 1998). The condition of thetlavel and surrounding habitat and
connectivity to other nearby small isolated wetkradiso can have a direct affect on species
richness and population density. Ditching of wedncommonly been done in Carolina bays,
has caused the potential introduction of predafmty (Gibbons, 2003, NRCS, 2006). A dead
fish was observed at the Mill Creek site in the kwwood Folly River watershed, likely due to
ditching. Mosquito control spraying and the usewaftlands for stormwater basins can also
degrade water chemistry and have negative affettexesting amphibian populations (Tiner
2003).

Small Basin isolated wetlands can provide habuataf rich array invertebrates. Many aquatic
invertebrates also lay eggs in or near water and lavae stages that require a fish-free wetland
environment similar to amphibians. Invertebratesparticular are vital to the survival of a
wetland habitat due to being at the base of thd fd@in (NRCS, 2006). Mahoney et al. (1990)
researched 23 bays along the Savannah River amdl #4 species of cladocerans and seven
species of calanoid copepods plus a variety ofteyaad semi-aquatic insects. In another study,
one bay was found to have more than 100 taxa (kempe Taylor, 1998; Sharitz 2003). In
general, larger bays with longer hydroperiods suppore taxa. Also, similarly to amphibians,
ditching of isolated Small Basin wetlands and tls® wf mosquito control measures may
negatively affect aquatic invertebrate populatiand thus species higher on the food chain such
as foraging amphibians, reptiles and birds thateel aquatic invertebrates for food.

Many other species also utilize bays and other SBasdin wetlands and the contiguous upland
habitat. Gibbons and Semlitsch (1981) found sixcEseof turtles, nine species of lizards, 19
kinds of snakes, and 13 small mammal species duhieg one-year study of just two bays.

Waterfowl utilize shallow isolated wetlands for hignergy seeds, tubers, and protein rich
invertebrates. In colder climates, small isolatedihs are of particular importance as they melt
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sooner than larger lakes and can provide habitaimigrating birds (NRCS, 2006). Isolated
wetlands also support a significant number of sgpecies and have promoted a high degree of
endemism in some regions of the country (Tiner 2083study by NatureServe (Comer 2005)
cross referenced by the Natural Heritage Progrdi@9qRindicated there is one obligate isolated
wetland rare plant species and three facultatiokated wetland rare plant species (obligate —
always associated with isolated wetlands, facukati often associated with isolated wetlands)
that are associated with isolated basin wetlandBrimswick County (Lockwood Folly River)
watershed. No rare isolated obligate or facultaspecies were found to exist in Granville
County in this cross-referenced study (Comer 200ENHP 2009).

The U.S. 2001 Supreme Court ruling on the Solid t&/asgyency of Northern Cook County
(SWANCC) case removed federal jurisdiction ovetdtsd wetlands (SWANCC vs. ACOE et.
al. 2001). The June 2006 Supreme Court ruling ef Rapanos/Carabell cases has further
restricted jurisdiction over wetlands that lacksighificant nexus” to non-isolated water bodies
(Rapanos and Carabell vs. ACOE 2006). A field defin of “significant nexus” is being
implemented by the ACOE and EPA. The loss of fddana@tection of isolated and intermittently
isolated wetlands has made implementing state fanatéction of isolated wetlands crucial. The
North Carolina Environmental Management Commiss(iiNC EMC) has adopted rules
regulating the fill of isolated wetlands and isethtwaters (15A NCAC 2H .1300). However,
mitigation thresholds for all wetland types for M€ one-acre where as the mitigation threshold
for ACOE isolated wetlands was generally 0.1 acstohcally.

In the Lockwood Folly River watershed in BrunswiCkunty, one of the sites (the Sikka site)
has a natural connection, and two of the sites haae-made connections via ditching, (the Mill
Creek and Bluegreen Golf sites). The Mill Creele s# close to the one-acre threshold at 1.02
acres. The previously discussed isolated wetlandysbeing completed by RTI, CGIA, and
DWQ found that of the 48 delineated wetlands omy35%) were greater than one acre in size.
Isolated wetlands in this study ranged in size f@002 acres to 20.9 acres with an average of
1.66 acres and median of 0.49 acres (RTI 2008 the Fishing Creek watershed in Granville
County, four of the six study sites are isolatekde Eastwood and Goldston sites were the only
sites with a natural wetland connection. The Eastivsite was the largest Fishing Creek Small
Basin wetland at 3.07 acres. The other four isdl&mall Basin wetlands in the Fishing Creek
study ranged from 0.42 to 1.05 acres; the Deanvgte the only isolated wetland site that was
greater than the one-acre mitigation thresholdren@ille County. The continual impact and loss
of isolated wetlands which provide a critical egptal and water quality function to the
landscape can have significant affects on certa@tiss of amphibians, rare plant species, and
water quality. Additional scientific knowledgedannderstanding of these systems can be used
to provide better protection and management.
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Section 6.2 Small Basin Wetlands: Summary NCWAM Rsults

Table 6.2-1 shows the metrics, IBIs, and site OR#&ddres that correlated with the NCWAM
overall score and hydrology, water quality, anditsttNCWAM functions for Small Basin
wetlands. The first column of Table 5.3.1-1 sho®mstnd” which refers to the pre (Round “1”)
and post (Round “2”) survey results. Correlationthy-values that are < 0.05 and have r > 0.5
are shown in bold red and correlations with p-valee0.05 and < 0.10 and have r > 0.5 are
shown in bold blue. Plant metrics correlations ol between NCWAM scores and four of the
seven Small Basin wetland plant metrics and thatdRl but not with any of the amphibian
metrics or amphibian IBI. The NCWAM habitat functi@orrelated significantly with sapling
density, large tree density, and standing snag litapce (standing snags that provided habitat)
and with the Small Basin wetland plant IBI scofEhe hydrology function also had significant
correlations with sapling density, large tree dgnsind the plant IBI. In addition, the hydrology
function also correlated with the FQAI (Floristiauglity Assessment Index), although weakly.
Finally, the overall NCWAM score correlated withide tree density, standing snag importance,
and with the plant IBI. Most of these correlatiomsre positive correlations except sapling
density which would be expected. The ORAM site meeore also correlated significantly with
the NCWAM overall score, habitat and hydrology flimgs for both statistical tests and rounds
(see Table 6.2-1). There were no significant catr@hs with the water quality, soil, or
amphibian Level Il data or with the LDI Level Itlata. Similar to the NCWAM results for the
Riverine Swamp Forest and Bottomland Hardwood Fpthere was little difference between
the two statistical analyses for the “rounds” (pred post survey). However, with the Small
Basin wetlands, the pre and post survey resultsm@rd and 2) were exactly the same. Metrics
for plant community structure that are more easitgervable during a rapid assessment like
sapling density, large tree density, and standimagsmportance had significant results which
indicates the habitat function NCWAM metric is wiortx appropriately. Also the fact that the
habitat function correlated with the overall pl#Bit is a significant finding.

The variation of the scores for the Small Basinlavets was not very broad with the overall
NCWAM score being high for nine Small Basin wetlarahd medium for three others. The
water quality function varied for only one site ahére were not significant correlations. There
was some variation in the scores for the habitattion and the hydrology functions as there
were several statistically significant correlation®\gain the results taken “as is” could be
considered disappointing. However, a larger sarsizie with more wetlands needed at the low
value will be needed. DWQ plans to collect thea@mdvith the new EPA grant (on monitoring
and determining the connectivity of Isolated Wetlsrand is underway) in order to calibrate
NCWAM for this wetland type.
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Table 6.2-1 NCWAM Correlation with Level Il Significant Results for Small Basin Wetlands

Round Wetland Type NCWAM Total / Function L2, L3 Metric / IBI/ ORAM r Prob>| p| Analysis
1 Small Basin Wetland Habitat-Function L2-ORAM ORAM Mean 0.7486 | 0.0051 Pearson's Correlation
2 Small Basin Wetland Habitat-Function L2-ORAM ORAM Mean 0.7486 | 0.0051 Pearson's Correlation
1 Small Basin Wetland Habitat-Function L2-ORAM ORAM Mean 0.7135 | 0.0092 | Spearman's Rho Correlation
2 Small Basin Wetland Habitat-Function L2-ORAM ORAM Mean 0.7135 | 0.0092 | Spearman's Rho Correlation
1 Small Basin Wetland Habitat-Function L3-Plants Sapling Density -0.4719 | 0.1428 | Spearman's Rho Correlation
2 Small Basin Wetland Habitat-Function L3-Plants Sapling Density -0.4719 | 0.1428 | Spearman's Rho Correlation
1 Small Basin Wetland Habitat-Function L3-Plants Large Tree Density 0.6690 | 0.0244 | Spearman's Rho Correlation
2 Small Basin Wetland Habitat-Function L3-Plants Large Tree Density 0.6690 | 0.0244 | Spearman's Rho Correlation
1 Small Basin Wetland Habitat-Function L3-Plants Plant IBI 0.5662 | 0.0694 Pearson's Correlation
2 Small Basin Wetland Habitat-Function L3-Plants Plant IBI 0.5662 | 0.0694 Pearson's Correlation
1 Small Basin Wetland Habitat-Function L3-Plants Plant IBI 0.4719 | 0.1428 | Spearman's Rho Correlation
2 Small Basin Wetland Habitat-Function L3-Plants Plant IBI 0.4719 | 0.1428 | Spearman's Rho Correlation
1 Small Basin Wetland Habitat-Function L3-Plants | Standing Snag Importance | 0.6690 | 0.0244 | Spearman's Rho Correlation
2 Small Basin Wetland Habitat-Function L3-Plants | Standing Snag Importance | 0.6690 | 0.0244 | Spearman's Rho Correlation
1 Small Basin Wetland Habitat-Function L3-Plants | Standing Snag Importance | 0.5531 | 0.0776 Pearson's Correlation
2 Small Basin Wetland Habitat-Function L3-Plants | Standing Snag Importance | 0.5531 | 0.0776 Pearson's Correlation
1 Small Basin Wetland Hydrology Function L2-ORAM ORAM Mean 0.8690 | 0.0002 | Spearman's Rho Correlation
2 Small Basin Wetland Hydrology Function L2-ORAM ORAM Mean 0.8690 | 0.0002 | Spearman's Rho Correlation
1 Small Basin Wetland Hydrology Function L2-ORAM ORAM Mean 0.8529 | 0.0004 Pearson's Correlation
2 Small Basin Wetland Hydrology Function L2-ORAM ORAM Mean 0.8529 | 0.0004 Pearson's Correlation
1 Small Basin Wetland Hydrology Function L3-Plants FQAI 0.5196 | 0.1014 | Spearman's Rho Correlation
2 Small Basin Wetland Hydrology Function L3-Plants FQAI 0.5196 | 0.1014 | Spearman's Rho Correlation
1 Small Basin Wetland Hydrology Function L3-Plants FQAI 0.4912 | 0.1249 Pearson's Correlation
2 Small Basin Wetland Hydrology Function L3-Plants FQAI 0.4912 | 0.1249 Pearson's Correlation
1 Small Basin Wetland Hydrology Function L3-Plants Sapling Density -0.5786 | 0.0622 Pearson's Correlation
2 Small Basin Wetland Hydrology Function L3-Plants Sapling Density -0.5786 | 0.0622 Pearson's Correlation
1 Small Basin Wetland Hydrology Function L3-Plants Large Tree Density 0.8101 | 0.0025 | Spearman's Rho Correlation
2 Small Basin Wetland Hydrology Function L3-Plants Large Tree Density 0.8101 | 0.0025 | Spearman's Rho Correlation
1 Small Basin Wetland Hydrology Function L3-Plants Large Tree Density 0.7066 | 0.0151 Pearson's Correlation
2 Small Basin Wetland Hydrology Function L3-Plants Large Tree Density 0.7066 | 0.0151 Pearson's Correlation
1 Small Basin Wetland Hydrology Function L3-Plants Plant IBI 0.6121 | 0.0453 Pearson's Correlation
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Table 6.2-1 NCWAM Correlation with Level Il Significant Results for Small Basin Wetlands

Round Wetland Type NCWAM Total / Function L2, L3 Metric / IBI/ ORAM r Prob>| p| Analysis

2 Small Basin Wetland Hydrology Function L3-Plants Plant IBI 0.6121 | 0.0453 Pearson's Correlation

1 Small Basin Wetland Hydrology Function L3-Plants Plant IBI 0.5196 | 0.1014 | Spearman's Rho Correlation

2 Small Basin Wetland Hydrology Function L3-Plants Plant IBI 0.5196 | 0.1014 | Spearman's Rho Correlation
NCWAM OverAll

1 Small Basin Wetland Score L2-ORAM ORAM Mean 0.7562 | 0.0044 Pearson's Correlation
NCWAM OverAll

2 Small Basin Wetland Score L2-ORAM ORAM Mean 0.7562 | 0.0044 Pearson's Correlation
NCWAM OverAll

1 Small Basin Wetland Score L2-ORAM ORAM Mean 0.6969 | 0.0118 | Spearman's Rho Correlation
NCWAM OverAll

2 Small Basin Wetland Score L2-ORAM ORAM Mean 0.6969 | 0.0118 | Spearman's Rho Correlation
NCWAM OverAll

1 Small Basin Wetland Score L3-Plants Large Tree Density 0.6724 | 0.0234 | Spearman's Rho Correlation
NCWAM OverAll

2 Small Basin Wetland Score L3-Plants Large Tree Density 0.6724 | 0.0234 | Spearman's Rho Correlation
NCWAM OverAll

1 Small Basin Wetland Score L3-Plants Plant IBI 0.5058 | 0.1124 Pearson's Correlation
NCWAM OverAll

2 Small Basin Wetland Score L3-Plants Plant IBI 0.5058 | 0.1124 Pearson's Correlation
NCWAM OverAll

1 Small Basin Wetland Score L3-Plants | Standing Snag Importance | 0.6724 | 0.0234 | Spearman's Rho Correlation
NCWAM OverAll

2 Small Basin Wetland Score L3-Plants | Standing Snag Importance | 0.6724 | 0.0234 | Spearman's Rho Correlation
NCWAM OverAll

1 Small Basin Wetland Score L3-Plants | Standing Snag Importance | 0.5800 | 0.0614 Pearson's Correlation
NCWAM OverAll

2 Small Basin Wetland Score L3-Plants | Standing Snag Importance | 0.5800 | 0.0614 Pearson's Correlation

Bold Red = Probility < 0.05 and Bold Blue = Probility > 0.05 and < 0.10, L2-Level 2, L3-Level 3

171




Section 6.3 Small Basin Wetlands: Water Quality Raults and Discussion

For Small Basin wetlands, water quality samplesewtaken in the wetland. Where there was an
obvious outlet, a second sample was taken atdab&ibn. Table 6.3-1 shows the means for each
water quality parameter for each Small Basin wellsite by watershed. In looking at the table
for the Lockwood Folly River (Brunswick County, Gal Plain) Small Basin wetland sites, the
ammonia levels were highest for the Seawatch BkkaSand Seawatch Nautica sites while the
other three sites were quite a bit lower. Calchad the highest levels at the Sikka site which
was more than twice the level of the next hightest,Bluegreen Golf and Mill Creek sites. The
Seawatch Nautical site had the highest levels ppeowhich was more than twice as high as the
Sikka site, the next highest level. The rest efslies have less than half the copper levelseof th
Sikka site. The Sikka and Seawatch Bay sites hachighest level of DO (percent and mg/L)
with the Mill Creek site having the lowest levdaror DOC, the lowest levels were recorded at
the Bluegreen Golf site with the Mill Creek sitevireg the next lowest. The other four sites
were similar and had about twice the level of DGCtlee Mill Creek site. The fecal coliform
results had very large variation with the Sikka $iaving more that 10 times the level of the next
highest, the Seawatch Nautica site. The Seawaschidd site had the highest lead level while
the other five Small Basin wetlands in the Lockwdandly River watershed had about the same
levels. The Sikka site had the highest levels agnesium with the Seawatch Nautica site the
next highest. The highest levels of NO2+NO3 ocmdiiait the Sikka site and the other five sites
had virtually the same levels. The Martin AmmeSgawatch Nautica, and Seawatch Bay sites
were the most acidic sites whereas the Bluegredh S8e was the least acidic. Phosphorus
levels were highest at the Seawatch Nautica sitie the Sikka and Seawatch Bay sites having
the next highest levels. Specific conductivity viighest at the Seawatch Nautica site, with the
Sikka and Martin Amment sites with the next highesels. For TKN, the Seawatch Nautica,
Sikka, and Seawatch Bay sites had the highestdegspectively while the other three sites were
similar and had lower levels. The Sikka site Halltighest level of TOC which was about three
times the levels of the other five sites. The bggHevel of TSS was at the Seawatch Nautica site
which was more than four times the level of thetrieghest site, the Seawatch Bay site. Water
temperatures varied quite significantly for a haftaverage of about 2C at the Seawatch Bay
and Sikka sites to 6°TC at the Bluegreen Golf site. The higher waterperatures can be
explained by greater exposure to sunlight by halangely open canopies. Finally, the Sikka and
Seawatch Bay sites had the highest levels of zittt the other four sites had less than half this
level.

From these results for the Lockwood Folly River 8Basin wetlands, it appears that the lowest
water quality was present at the Sikka and Seawdé&ltica sites. The best water quality was
recorded at the Martin Amment, Bluegreen Golf, Mill Creek sites. The Seawatch Bay site
was about in the middle with respect to water qualiThe most rural sites were the Martin
Amment and Sikka sites while the Bluegreen Golé sg in the middle of the established
community of Winding River. As with the previoussults for Riverine Swamp Forests in
Lockwood Folly River, location (rural, developedgc.¢ does not seem to explain the water
quality results.

Table 6.3-1 also shows the mean water quality t®dofk the Small Basin wetlands in the
Fishing Creek Watershed (Granville County, Piedmornthe ammonia levels were highest at
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the Dean site with the Eastwood and Goldston ditgeg next but significantly lower. For
calcium, the same three sites had the highestdette¢ Dean, Goldston, and Eastwood sites
respectively with the Dargan site with the lowestel. The same three sites had the highest
levels of copper, with order from highest being eldston, Dean, and Eastwood sites. The
Dargan and Belton Creek sites had the lowest leMet®pper. The percent DO was highest at
the Hart site at about 85% with the Eastwood sibet mt just over 47% and the Dargan site at
30% (the same result occurs for DO in mg/L). Thyghest levels of DOC occurred at the Belton
Creek site with the Dargan and Goldston sites ltpthe next highest levels. The Eastwood site
had the highest level of fecal coliform, nearlyeaitimes the level of the next highest site, the
Belton Creek site. The Hart and Dargan sites haddwest levels. Lead was highest at the Hart
site with the Goldston site being the next highd@$ie Eastwood site had the highest level of
magnesium with the Belton Creek site having theelsiw For NO2+NO3, the Dean site had the
highest level with the Eastwood site having neghbst. The most acidic sites were the Belton
Creek and Dargan sites at a pH of 4.61 and thé dea&dic sites were the Eastwood (pH at 5.81)
and Hart (pH at 5.73) sites. The Dean site haditieest level of phosphorus, which was more
than twice the levels of the next highest, the Eastl and Goldston sites. Specific conductivity
was highest at the Eastwood and Dean sites andsiatehe Dargan and Belton Creek sites.
The levels of TKN were highest at the Dean andkastl sites with the other four sites having
similar, but lower results. The Goldston site hael highest level of TOC with the Belton Creek
and Dargan sites having the next highest levelse [€vels of TSS were highest at the Dargan
site with the Hart and Eastwood site being nextatal/temperature varied by®1G among the
sites, with the Hart and Dargan sites being theneat and the Goldston site having the lowest
water temperature. For zinc, the Goldston sitedigdificantly higher levels with the rest of the
sites being more similar. The Dargan site haddivest level of zinc.

The results for the Fishing Creek Small Basin wettashowed the lowest water quality occurred
at the Eastwood, Goldston, and Dean sites. Ottliege sites, the Goldston site was the most
urban, located near the busy intersection of 148% dS 15. The Dean site was a ways upslope
from this intersection and directly adjacent tooancfield on the East side. The Eastwood site
was very rural, but had been recently logged. bést water quality occurred at the Hart and

Dargan sites with the Belton Creek site beingtieliower. All three of these sites were very

rural and the Dargan site had the most intact buffe

Small Basin wetlands were next compared betweertvtbevatersheds (and ecoregions) to see
how they differed in terms of the water quality graeters. Table 6.3-2 shows the means for
each water quality parameter by watershed. Froseming this table, it appears that Ammonia,
fecal coliform, and TSS are higher in Small Basietlands in the Lockwood Folly River
watershed. DO is also higher in the Lockwood F&liyer watershed. For Fishing Creek,
calcium, copper and zinc appear to be higher. gHeas lower in the Lockwood Folly River
watershed. The statistical analysis (again ANOVAd aWilcoxon) show a statistically
significant result for calcium, with the lower ldgein the Lockwood Folly River watershed
(Wilcoxon, p-0.0005). Copper was also statisticalgnificant and also with the lower levels in
the Lockwood Folly River watershed (Wilcoxon, p=@0Q). DO was significantly higher,
statistically, in the Lockwood Folly River watershdoth in terms of percent (Wilcoxon,
p=0.0029, ANOVA, p-0.0031) and mg/L (Wilcoxon, p8087, ANOVA, p=0.0956).
Magnesium was also statistically significant (Wioao, p=0.0681) with the lower levels again in
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the Lockwood Folly River watershed, but the differes were very small. The Lockwood Folly
River watershed also had the lower levels of phosgh and was statistically significant
(Wilcoxon, p=0.442). Zinc also was lower in theckwood Folly River watershed and was
statistically significant compared to the Fishinge€k watershed (Wilcoxon, p=0.0003,
ANOVA, p=0.0744). All of these results indicateaththe Small Basin wetlands in the
Lockwood Folly River watershed had better waterligpighan the Fishing Creek Small Basin
wetlands as measured by these parameters. HowiE®é&,was higher in the Lockwood Folly
River watershed, which is inconsistent with betteater quality (marginally significant,
Wilcoxon, p=0.1455). Two other results of notdhat specific conductivity was higher in the
Lockwood Folly River watershed, being statisticalgnificant (Wilcoxon, p=0.0272, ANOVA,
p=0.0727). This result makes sense in that hideeel of salinity (therefore causing the
conductivity to be higher) would be expected on@uoastal Plain. Small Basin wetlands in the
Lockwood Folly River watershed were also more acidith a pH of 4.306 compared to Fishing
Creek at a pH of 5.176. This result was also dtedlly significant (Wilcoxon, p=0.0001,
ANOVA, p=0.0001).

The results comparing the Small Basin wetland$endifferent watershed tend to indicate that
the Small Basin Wetlands in the Lockwood Folly &iwatershed have better water quality than
in the Fishing Creek watershed. Whether that atde that the Small Basin wetlands are
functioning better than the Fishing Creek SmalliBagetlands is difficult to conclude because
the input into these systems is not known and omty Small Basin wetlands had clear outlet
where water samples were collect, (see below)s adtso interesting to note that the Lockwood
Folly River watershed is being more intensely depetl than the Fishing Creek watershed so it
would seem somewhat surprising that the water yuapipears to be better. However it could
be that the development that has occurred in thlirkl Creek watershed is older whereas the
development in Lockwood Folly River is more recesd, this could be a factor in the results.
This result also could be a characteristic thastexvetween the Piedmont and Coastal Plain, and
future research will need to note this differenod determine if such a difference exists. Two
Small Basin wetlands in Fishing Creek (the Dean Bradgan sites) and two Small Basin
wetlands in Lockwood Folly River (the Sikka and 8atch Bay sites) are still being monitored
and may shed some light on this difference as mata is collected.

One additional comparison can be made with the ISBaalin wetlands in Fishing Creek for the
Eastwood and Goldston sites. These two sites hatdrvgamples taken at a clearly defined
outlet, so some conclusions can be made about watdity as it flows though these Small
Basin wetlands. Lower levels of potential pollusawould be expected at the outlet. It is also
interesting to note that these two sites (alondp Wit Dean site) had lower water quality. Table
6.3-3 shows the results by station (wetland veosiet) for each water quality parameter for the
Eastwood and Goldston sites. From this tablentlee seen that ammonia is higher at the outlet.
Calcium is lower at the outlet for the Goldstoresdind copper is lower at the outlet for both
sites. The levels of copper are much lower abthtéet, especially for the Eastwood site. DO is
higher at the outlet for the Eastwood site. DO(vger at the outlet for the Eastwood site, but
higher for the Goldston site. Fecal colliform igitgq a bit lower at the outlet for the Eastwood
site, but slightly higher for the Goldston site.edd was a little higher at the outlet for the
Goldston site whereas the magnesium levels weratdbe same. The level of NO2+NO3 was
higher at the outlet for the Eastwood site. Phosgghwas significantly lower at the outlet for

174



the Eastwood site. The levels of TKN and TOC wereer at the outlet for the Eastwood site
and TOC was a higher at the outlet for the Goldsiten The levels of TSS was much lower at
the outlet for the Eastwood site, but higher foag tholdston site. Zinc was also lower at the
outlet for the Eastwood site. These results sugbasthe Eastwood site is in fact improving the
water quality where the results for Goldston argediat best. Given that these are Small Basin
wetlands, flow through the system is slow and pbbparegular. The slope at the Eastwood site
was a little more obvious that at the Goldston sitethis may affect the results.

Table 6.3-4 shows the same water quality resuitthewetland and outlet stations, but averaged
across the two sites. This was done so that stgtat analysis can be done in order to draw
some conclusions about Small Basin wetlands (&t lea the Piedmont or Fishing Creek
watersheds) rather than as individual systems eithvious results were showing (see Table
6.3-2). From this table, calcium is lower at thélet and copper is much lower at the outlet.
Fecal colliform is much lower at the outlet wherdaad is a little higher at the outlet.
NO2+NO3 is higher at the outlet, but phosphorusuger at the outlet. TKN and TOC are both
lower at the outlet. Zinc is also a little lowertlhe outlet. Therefore it appears that Small Basi
wetlands can improve water quality when there isnesoflow with an obvious outlet.
Statistically, only two of the parameters were Bigant [Copper was lower at the outlet
(Wilcoxon, p=0.0435) and Phosphorus was also |law#ne outlet (Wilcoxon, p=0.1495)].

Overall for Small Basin wetlands, the Lockwood FdRiver sites had better water quality that
the Fishing Creek Small Basin sites. This resuli@ be due the differences in wetlands,
difference in location (different watersheds andregion), differences in the type of adjacent
development, or differences in the number of sampbdiected (there were more samples taken
at the Fishing Creek sites). Two Small Basin wettain Fishing Creek had water samples taken
at an outlet and the results indicate that somenptality parameters were improved (reduction
in potential pollutants) s they flowed through thetland system.
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Table 6.3-1 Fishing Creek and Lockwood Folly Small Basin Wetland Mean and Median Results by Site.

Watershed |Site Name N Parameter Mean |Median| Units
Bluegreen Golf 1 Ammeonia 0.02 0.02 mg/L
Martin Amment 2 Ammonia 0.17 0.17 mg/L
Mill Creek 2 Ammonia 0.02 0.02 mg/L
Seawatch Bay 8 Ammonia 0.92 0.63 ma/L
Seawatch Nautica | 3 Ammonia 0.69 0.04 mg/L
Sikka 9 Ammonia 0.83 0.02 mg/L
Bluegreen Golf 1 Calcium 4 4 mg/L
Martin Amment 2 Calcium 1.15 1.15 mg/L
Mill Creek 2 Calcium 3.38 3.38 mg/L
Seawatch Bay 8 Calcium 1.9 2.1 mg/L
Seawatch Nautica | 3 Calcium 2.07 1.4 mg/L
Sikka 9 Calcium 8.51 5.5 mg/L
Bluegreen Golf 1 Copper 2 2 ug/L
Martin Amment 2 Copper 2 2 ug/L
Mill Creek 2 Copper 2 2 ug/L
Seawatch Bay 8 Copper 2.05 2 ug/L
Seawatch Nautica | 3 Copper 10.33 2 ug/L
Sikka 9 Copper 4.11 2 ug/L
Bluegreen Golf 1] Dissolved Oxygen (%) 45.8 45.8 %
Martin Amment 2| Dissolved Oxygen (%) 25.9 25.9 %
Mill Creek 2| Dissolved Oxygen (%) 15.85 15.85 %
Seawatch Bay 8| Dissolved Oxygen (%) 74.23 64.8 %
Seawatch Nautica [ 3| Dissolved Oxygen (%) 28.47 25.3 %
=>_' Sikka 8| Dissolved Oxygen (%) 78.61 73.15 %
LE Bluegreen Golf 1| Dissolved Oxygen (mg/L) 5.6 5.6 mg/L
Martin Amment 2| Dissolved Oxygen (mg/L) 2.85 2.85 mg/L
8 [Mill Creek 2| Dissolved Oxygen (mg/L) | 1.95 | 1.95 mgiL
o Seawatch Bay 8| Dissolved Oxygen {mg/L) 6.62 6.45 mg/L
E Seawatch Nautica | 3| Dissolved Oxygen (mg/L) 3.13 2.3 mg/L
[T} Sikka 8| Dissolved Oxygen (mg/L) 6.94 6.9 mg/L
9 Bluegreen Golf |1 DOC 4.9 4.9 mg/L
Martin Amment 2 DOC 38 38 mg/L
Mill Creek 2 DOC 17.25 17.25 mg/L
Seawatch Bay 8 DOC 33.38 34 mg/L
Seawatch Nautica | 3 DOC 37.33 38 mg/L
Sikka 9 DoC 39.78 34 mg/L
Bluegreen Golf 1 Fecal Colliform 1 1 CFU/100 ml
Martin Amment 2 Fecal Colliform 1 1 CFU/M00 ml
Mill Creek 2 Fecal Colliform 9 CFU/100 ml
Seawatch Bay 8 Fecal Colliform 29.88 8.5 |[CFU/M00 ml
Seawatch Nautica | 3 Fecal Colliform 246.33 8 CFU/100 ml
Sikka 9 Fecal Colliform 37951.44 73 [CFU/M00 ml
Bluegreen Golf 1 Lead 10 10 ug/L
Martin Amment 2 Lead 10 10 ug/L
Mill Creek 2 Lead 10 10 ug/L
Seawatch Bay 8 Lead 10 10 ug/L
Seawatch Nautica |3 Lead 25.33 10 ug/L
Sikka g Lead 10.89 10 ug/L
Bluegreen Golf 1 Magnesium 1.2 1.2 mg/L
Martin Amment |2 Magnesium 1.6 1.6 mg/L
Mill Creek 2 Magnesium 0.85 0.85 mg/L
Seawatch Bay 8 Magnesium 1.24 1.35 mg/L
Seawatch Nautica | 3 Magnesium 2.8 2 mg/L




Table 6.3-1 Fishing Creek and Lockwood Folly Small Basin Wetland Mean and Median Results by Site.

Watershed |Site Name N Parameter Mean | Median| Units
Sikka 9 Magnesium 3.91 3.4 mg/L
Bluegreen Golf 1 NO2+NO3 0.02 0.02 mg/L
Martin Amment 2 NO2+NO3 0.02 0.02 mg/L
Mill Creek 2 NO2+NO3 0.02 0.02 mg/L
Seawatch Bay 8 NO2+NO3 0.03 0.02 mg/L
Seawatch Nautica |3 NO2+NO3 0.02 0.02 mg/L
Sikka 9 NO2+NO3 0.64 0.02 mg/L
Bluegreen Golf 1 pH 5.41 5.41 S.U.
Martin Amment 2 pH 3.77 3.77 S.U.
Mill Creek 2 pH 4.72 4.72 S.U.
Seawatch Bay 8 pH; 4.06 4.04 S.U.
Seawatch Nautica |3 pH 3.86 3.89 S.U.
Sikka 9 pH 4.58 4.65 S.uU.
Bluegreen Golf 1 Phosphorus 0.03 0.03 mg/L
Martin Amment 2 Phosphorus 0.05 0.05 mg/L
Mill Creek 2 Phosphorus "0.06 0.06 mg/L
Seawatch Bay 8 Phosphorus 0.23 0.11 mg/L
Seawatch Nautica |3 Phosphorus 0.71 0.12 mg/L
Sikka 9 Phosphorus 0.44 0.18 mg/L
Bluegreen Golf 1 Specific Conductivity 62.6 62.6 uS/cm
Martin Amment 2 Specific Conductivity 100.3 100.3 uS/cm
Mill Creek 2 Specific Conductivity 53.4 53.4 uS/icm
Seawatch Bay 7 Specific Conductivity 71.87 74.9 uS/icm

) Seawatch Nautica | 3 Specific Conductivity 157.93 | 131.8 uS/icm
° Sikka 9|  Specific Conductivity 136.83 | 142.1 uS/cm
L. Bluegreen Golf 1 TKN 0.77 0.77 mg/L
T Martin Amment 2 TKN 1.32 1.32 mg/L
8 Mill Creek 2 TKN 0.93 0.93 mg/L
S Seawatch Bay 8 TKN 3.05 2.15 mg/L
ﬁ Seawatch Nautica | 3 TKN 4.09 2 mg/L
o Sikka 9 TKN 3.88 2.4 mg/L
- Bluegreen Golf 2 TOC 11.45 | 11.45 mg/L
Martin Amment 2 TOC 38 38 mg/L
Mill Creek 2 TOC 19.75 19.75 mg/L
Seawatch Bay 8 TOC 47 44 mg/L
Seawatch Nautica |3 - TOC 178.33 48 mg/L
Sikka 9 TOC 58 40 mg/L
Bluegreen Golf 1| Total Suspended Residue 20 20 mg/L
Martin Amment 2| Total Suspended Residue 16.6 16.6 mg/L
Mill Creek 2| Total Suspended Residue 10 10 mg/L
Seawatch Bay 8| Total Suspended Residue | 110.81 63 mg/L
Seawatch Nautica | 3| Total Suspended Residue 439 12 mg/L
Sikka 9| Total Suspended Residue | 51.33 29 mg/L
Bluegreen Golf 1 Water, Temperature 6.7 6.7 oC
Martin Amment 2 Water, Temperature 16.2 16.2 oC
Mill Creek E Water, Temperature 11.25 11.25 oC
Seawatch Bay 8 Water, Temperature 20.85 22.7 oC
Seawatch Nautica |3 Water, Temperature 13.23 156.5 oC
Sikka 9 Water, Temperature 20.23 18.9 oC
Bluegreen Golf 1 Zinc 10 10 ug/L
Martin Amment P Zinc 10.5 10.5 ug/L
Mill Creek 2 Zinc 13 13 ug/L
Seawatch Bay 8 Zinc 10.5 10 ug/L
Seawatch Nautica | 3 Zinc 24.33 10 ug/L
Sikka 9 Zinc 23.56 15 ug/L




Table 6.3-1 Fishing Creek and Lockwood Folly Small Basin Wetland Mean and Median Results by Site.

Watershed |Site Name N Parameter Mean | Median| Units
Belton Creek 4 Ammonia 0.03 0.02 mg/L
Dargan 7 Ammonia 0.03 0.02 mg/L
Dean 5 Ammonia 1.41 0.07 mg/L
Eastwood 7 Ammonia 0.38 0.05 mg/L
Goldston 5 Ammonia 0.23 0.05 mg/L
Hart 3 Ammonia 0.04 0.02 mg/L
Belton Creek 4 Calcium 4.1 3.8 mg/L
Dargan 7 Calcium 2.63 2.5 mg/L
Dean 6 Calcium 9.12 7.65 mg/L
Eastwood 7 Calcium 7.84 5.7 mg/L
Goldston 5 Calcium 8.5 6.9 mg/L
Hart 3 Calcium 5.6 5.1 mg/L
Belton Creek 4 Copper 2.85 2.05 ug/L
Dargan 7 Copper 2.8 2.9 ug/L
Dean 6 Copper 7.48 4.55 ug/L
Eastwood 7 Copper 8.7 2.9 ug/L
Goldston 5 Copper 8.1 4.6 ug/L
Hart 3 Copper 4.43 4 ug/L
Belton Creek 4| Dissolved Oxygen (%) 17.93 18.55 %
Dargan 7| Dissolved Oxygen (%) 30.03 19.5 %
Dean 6| Dissolved Oxygen (%) 10.73 9.5 %
Eastwood 7| Dissolved Oxygen (%) 47.7 41.8 %
Goldston 5] Dissolved Oxygen (%) 15.64 4.8 %
x Hart 3| Dissolved Oxygen (%) 85.07 92.2 %
Q Belton Creek 4| Dissolved Oxygen (mg/L) 1.78 1.75 mg/L
Q Dargan 7| Dissolved Oxygen (mg/L) | 3.3 1.8 mg/L
& Dean 6| Dissolved Oxygen (mg/L) 1.19 0.94 mg/L
o Eastwood 7| Dissolved Oxygen (mg/L) %5 6.1 mg/L
= Goldston 5| Dissolved Oxygen (mg/L) 1.34 0.67 mg/L
ﬁ Hart 3| Dissolved Oxygen (mg/L) 8.08 9.8 mg/L
L Belton Creek 4 . DOC 60.5 51.5 mg/L
Dargan 6 DOC 4417 44.5 mg/L
Dean 6 DOC 30.17 29.5 mg/L
Eastwood 7 DOC 24.24 16 mg/L
Goldston 3 DOC 38.33 27 mg/L
Hart 3 DOC 33.63 42 mg/L
Belton Creek 4 Fecal Colliform 81.75 3 CFU/100 ml
Dargan 7 Fecal Colliform 11.71 6 CFU/100 ml
Dean 6 Fecal Colliform 32.83 11 CFU/100 m|
Eastwood 7 Fecal Colliform 213.71 64 |CFU/M00mI
Goldston 5 Fecal Colliform 20.8 11 CFU/100 ml
Hart 3 Fecal Colliform 6.67 8 CFU/100 ml
Belton Creek 4 Lead 10 10 ug/L
Dargan 7 Lead 10 10 ug/L
Dean 6 . Lead: 10 10 ug/L
Eastwood 7 Lead 10.71 10 ug/L
Goldston 5 Lead 12.6 10 ug/L
Hart 3 Lead 14.67 10 ug/L
Belton Creek 4 Magnesium 1.43 1.25 mg/L
Dargan 7 Magnesium 1.99 1.7 mg/L
Dean 6 Magnesium 2.47 2.15 mg/L
Eastwood 7 Magnesium 3.09 2.2 mg/L
Goldston 5 Magnesium 2.64 2.4 mg/L
Hart 2 Magnesium 2.8 2.8 mg/L
Belton Creek 4 NO2+NO3 0.02 0.02 mg/L




Table 6.3-1 Fishing Creek and Lockwood Folly Small Basin Wetland Mean and Median Results by Site.

Watershed [Site Name N Parameter Mean | Median Units
Dargan 7 NO2+NO3 0.02 0.02 mg/L
Dean 5 NO2+NO3 1.32 0.02 mg/L
Eastwood 7 NO2+NO3 0.33 0.02 mg/L
Goldston 5 NO2+NO3 0.02 0.02 mg/L
Hart 3 NO2+NO3 0.02 0.02 mg/L
Belton Creek 4 pH 4.61 4.65 S.U.
Dargan 7 pH 4.61 4.6 S.U.
Dean 6 pH 5.42 5.68 S.U.
Eastwood 7 pH: 5.81 6 S.U.
Goldston 5 pH. 4.91 5.2 S.U.
Hart 3 pH 5.73 5.98 S.uU.
Belton Creek 4 Phosphorus 0.12 0.13 mg/L
Dargan 7 Phosphorus 0.14 0.12 mg/L
Dean 5 Phosphorus 1.02 0.74 mg/L
Eastwood 7 Phosphorus 0.42 0.11 mg/L
Goldston 5 Phosphorus 0.42 0.22 mg/L
Hart 3 Phosphorus 0.25 0.22 mga/L
Belton Creek 4 Specific Conductivity 48.6 44.16 uS/cm
Dargan 6 Specific Conductivity 35.73 42.95 uS/icm
Dean 6 Specific Conductivity 122,98 | 103.45 uS/cm
Eastwood 3 Specific Conductivity 157.83 169 uSicm
Goldston 5 Specific Conductivity 72.5 72.8 uS/cm
54 Hart 3 Specific Conductivity 61.67 61 uS/cm
) Belton Creek 4 TKN 1.83 1.85 mg/L
@ Dargan 7 TKN 2.33 2.3 mg/L
& Dean 5 TKN 4.78 2.3 mg/L
o Eastwood 7 TKN 3.62 2.6 mg/L
£ Goldston 5 TKN 2.66 2.4 mg/L
- Hart 3 TKN 2.16 2.6 mg/L
i Belton Creek 4 TOC 65.25 59 mg/L
Dargan 7 TOC 58.43 60 mg/L
Dean 6 TOC 43.17 32 mg/L
Eastwood 8 TOC 38.93 14.5 mg/L
Goldston 5 TOC 67.6 46 mg/L
Hart 3 TOC 42.67 46 mg/L
Belton Creek 4| Total Suspended Residue 32.7 29 mg/L
Dargan 7| Total Suspended Residue | 105.29 63 mg/L
Dean 6| Total Suspended Residue | 32.17 18 mg/L
Eastwood 7| Total Suspended Residue | 76.29 37 mg/L
Goldston 5| Total Suspended Residue 121 60 mg/L
Hart 3| Total Suspended Residue | 86.67 26 mg/L
Belton Creek 4 Water, Temperature 14.05 16.4 oC
Dargan 7 Water, Temperature 17.81 17.8 oC
Dean 6 Water, Temperature 11.65 10.8 oC
Eastwood 7 Water, Temperature 11.07 7.7 oC
Goldston 5 Water, Temperature 9.96 11.7 oC
Hart 3 Water, Temperature 19.03 17.2 oC
Belton Creek 4 Zinc 19.25 19.5 ug/L
Dargan 7 Zinc 17.14 17 ug/L
Dean 6 Zinc 27.92 28.5 ug/L
Eastwood 7 Zinc 20.29 19 ug/L
Goldston 5 Zinc 47.2 27 ug/L
Hart 3 Zinc 24.67 18 ug/L




Table 6.3-2 Mean Water Quality Results for Small Basin Wetlands by Watershed

Ammonia (mg/L) 25 0.693 31 0.366
Calcium (mg/L) 25 4.442 32 6.366
Copper (ug/L) 25 3.776 32 5.519
Dissolved Oxygen (%) 24 59.892 32 31.675
Dissolved Oxygen (mg/L) 24 5.544 32 3.774
DOC (mg/L) 25 34.096 29 37.021
Fecal Colliform (CFU/100 ml) 25 13702.48 32 69.563
Lead (ug/L) 25 12.16 32 11
Magnesium (mg/L) 25 2.385 31 2.413
NO2+NO3 (mg/L) 25 0.245 31 0.3
pH (S.U)) 25 4.306 32 5.176
Phosphorus (mg/L) 25 0.329 31 0.398
Specific Conductivity (uS/cm) 24 107.433 27 80.284
TKN (mg/L) 25 3.074 31 2.988
TOC (mg/L) 26 60.438 33 51.709
Total Suspended Residue

(mg/L) 25 109.548 32 76.869
Water, Temperature (0C) 25 18.008 32 13.581
Zinc (ugl/L) 25 17.04 32 25.516
Zinc 25 0.693 31 0.366

Table 6.3-3 Fishing Creek Water Quality Comparison of Means for Small Basin Wetland and

Outlet Results

N - Wetland
N - Wetland | Wetland Outlet

Site Name Parameter Wetland Mean Outlet Mean Units
Eastwood Ammonia 4 0.4 3 0.37 mg/L
Goldston Ammonia 2 0.05 3 0.36 mg/L
Eastwood Calcium 4 8.03 3 7.6 mg/L
Goldston Calcium 2 9.95 3 7.53 mg/L
Eastwood Copper 4 10.23 3 2 ug/L
Goldston Copper 2 9.8 3 6.97 ug/L
Eastwood Dissolved Oxygen (%) 4 39 3 59.3 %

Goldston Dissolved Oxygen (%) 2 19.65 3 12.97 %

Eastwood Dissolved Oxygen (mg/L) 4 7.53 3 7.47 mg/L
Goldston Dissolved Oxygen (mg/L) 2 1.67 3 1.12 mg/L
Eastwood DOC 4 28.33 3 18.8 mg/L
Goldston DOC 1 27 2 44 mg/L

CFU/100
Eastwood Fecal Colliform 4 350 3 32 ml
CFU/100

Goldston Fecal Colliform 2 10 3 28 ml

Eastwood Lead 4 11.25 3 10 ug/L
Goldston Lead 2 10 3 14.33 ug/L
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Table 6.3-3 Fishing Creek Water Quality Comparison of Means for Small Basin Wetland and

Outlet Results

N - Wetland
N - Wetland | Wetland Outlet
Site Name Parameter Wetland | Mean Outlet Mean Units
Eastwood Magnesium 4 2.9 3 3.33 mg/L
Goldston Magnesium 2 2.75 3 2.57 mg/L
Eastwood NO2+NO3 4 0.13 3 0.61 mg/L
Goldston NO2+NO3 2 0.02 3 0.02 mg/L
Eastwood pH 4 5.8 3 5.84 S.U.
Goldston pH 2 4.72 3 5.03 S.U.
Eastwood Phosphorus 4 0.68 3 0.07 mg/L
Goldston Phosphorus 2 0.36 3 0.46 mg/L
Eastwood Specific Conductivity 2 136.45 1 200.6 uS/cm
Goldston Specific Conductivity 2 76 3 70.17 uS/cm
Eastwood TKN 4 5.2 3 1.52 mg/L
Goldston TKN 2 2.95 3 2.47 mg/L
Eastwood TOC 4 60.48 4 17.38 mg/L
Goldston TOC 2 58 3 74 mg/L
Eastwood Total Suspended Residue 4 117.5 3 21.33 mg/L
Goldston Total Suspended Residue 2 57.5 3 163.33 mg/L
Eastwood Water, Temperature 4 10.78 3 11.47 oC
Goldston Water, Temperature 2 7.35 3 11.7 oC
Eastwood Zinc 4 28 3 10 ug/L
Goldston Zinc 2 455 3 48.33 ug/L

Table 6.3-4 Water Quality Means by Station (Eastwood and Goldston)

Parameter N | Mean(Outlet) | Mean( Wetland)
Ammonia (mg/L) 12 0.363 0.280
Calcium (mg/L) 12 7.567 8.667
Copper (ug/L) 12 4.483 10.083
Dissolved Oxygen (%) 12 36.133 32.550
Dissolved Oxygen (mg/L) 12 4.295 5.572
DOC (mg/L) 10 28.880 28.060
Fecal Colliform (CFU/100 ml) 12 30.000 236.667
Lead (ug/L) 12 12.167 10.833
Magnesium (mg/L) 12 2.950 2.850
NO2+NO3 (mg/L) 12 0.317 0.090
pH (S.U.) 12 5.435 5.437
Phosphorus (mg/L) 12 0.265 0.575
Specific Conductivity (uS/cm) 8 102.775 106.225
TKN (mg/L) 12 1.992 4.450
TOC (mg/L) 13 41.643 59.650
Total Suspended Residue (mg/L) 12 92.333 97.500
Water, Temperature (0C) 12 11.583 9.633
Zinc (ug/L) 12 29.167 33.833
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Section 6.4 Small Basin Wetlands: Hydrology Resdtand Discussion

Hydrographs for the Small Basin Wetlands at thekinmmnd Folly River watershed are shown in
Figures 6.4-1 thru 6.4-6. The hydrographs showtedaic depth of the water in the well, where
zero on the y-axis is the bottom of the well as snead by the transducer. The red line indicates
ground level and the blue line indicates one fagbw the surface in the Small Basin wetland
hydrographs. As the water level increases, it @pgres the surface as indicated by the curves.
The surface ground levels varied slightly betwdsn dites, but were generally at about 21-25
inches. Some gaps in the data exist that are cduysesthnical difficulties with the transducers
or errors in downloading the data. In Figure 6.4hE Bluegreen Golf site generally shows a
flashy pattern, driven by precipitation and possibly the maintenance of the golf course
surrounding the site. The rest of the Small Basetlamd sites at Lockwood Folly River
watershed show the effects of a significant droupght started soon after the well transducers
were installed. The Martin-Amment site is very @wcept for a period between February and
June of 2008. Figure 6.4-3 for the Mill Creek sated Figure 6.4-4 for the Seawatch Bay site
show that there were water levels when the recgréiist started, but then the drought started
and they have no water during the rest of the dkogrperiod. The Seawatch Nautica site (see
Figure 6.4-5) reflects the drought, but has a pedentical increase in water levels as did the
Martin-Amment site during late winter to the latgring months. Finally, the Sikka site (see
Figure 6.4-6) shows there was a big drop at the sfathe drought, but does show some
variations due to precipitation.

Table 6.4-1 shows the Small Basin wetland hydrolagyhe percent of the time the water depth
was within on foot of the surface, with the secamtumn showing the growing season only.
These Small Basin wetlands were within one foathef surface during the growing season just
over 12% on average with the range being 0.03%mim at the Mill Creek site and just over
22% maximum at the Martin-Amment site. The drougktarly affected these wetlands, so the
data are probably not reflective of their true matu Two of these wetlands (the Sikka and
Seawatch Bay sites) are still being monitored (pathe long term monitoring effort), so future
hydrology data from these two site may result imeraccurate data.

For the Small Basin wetlands at the Lockwood FBliver watershed, the Mill Creek, Seawatch
Bay, and Sikka sites clearly show the big dropsvatier levels when the drought started. The
Bluegreen Golf site hydrograph shows some initighs of drought; however, this wetland
appears to be very flashy and is in the middle gblicourse and residential development where
irrigation may have supplemented its hydrology. e Martin-Amment and Seawatch Nautica
sites seem to show the drought pattern, but haohtaresting period with water levels being
recorded during the spring of 2008 even duringditeeight.
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Figure 6.3 — 1 Small Basin Wetland: Bluegreen
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Figure 6.3 — 3 Small Basin Wetland: Mill Creek
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Figure 6.3 — 5 Small Basin Wetland: Seawatch Nauti
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Hydrographs for the Small Basin wetlands at théiRig Creek watershed are shown in Figures
6.4-7 thru 6.4-12. There are some gaps in thetiataare due to technical difficulties with the
transducers or errors in downloading the data. Hhe site (see Figure 6.4-12) had data
collected for only a short time period (two montlse to the lost of landowner permission to
monitor the site. Figure 6.4-7 shows the hydrogrigp the Belton Creek site. There is a block
of missing data, but a seasonal pattern can bewsiglerthe higher water levels during the non-
summer months. The Dargan site (see Figure 6sh®)s a seasonal pattern, with the highest
water levels during the winter and spring montha,there is some variation during the summer
months during 2007. In Figure 6.4-9, the hydrobrégr the Dean site again show the highest
water levels during the winger and spring monthisthare was again some variation probably
due to precipitation. The Eastwood site, in Figbe 10 (with some missing data), also shows a
small seasonal pattern with plenty of variationinally the Goldston site (see Figure 6.4-11)
shows a stronger seasonal pattern with the highattr levels during the winter and spring
months and the lowest levels during the summer hsont

Table 6.4-1 shows the percent of the time the wadgpth was within one foot of the surface and
the second column showing the growing season oflhese Small Basin wetlands’ water levels
in the Fishing Creek watershed were within one fafothe surface just over 52% of the time
with the range being 26.6% at the Goldston sité4el% at the Dargan site. The differences
between the growing season and the year roundsesel not very different, just over 5%.

Small Basin wetlands in the Fishing Creek waterstenlved some seasonal pattern with higher
levels in the winter and also patterns due to pr&tion. The drought that affected the Small
Basin wetlands at Lockwood Folly did affect thehingy Creek Small Basin Wetlands, but the
affect is not as clear in the Fishing Creek hydapfs and they tended to recover much better
possibly due to their more clayey soils (versusttoee sandy-muck soils) in the Coastal Plain.
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Figure 6.3 — 7 Small Basin Wetland: Belton Creek
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Figure 6.3 — 9 Small Basin Wetland: Dean
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Figure 6.3 — 10 Small Basin Wetland: Eastwood
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Figure 6.3 — 11 Small Basin Wetland: Goldston
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Figure 6.3 — 12 Small Basin Wetland: Hart
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Table 6.4-1 Small Basin Wetlands — Water Depth: percent w ithin
One Foot of Surface
Percent
within one
foot of
Percent within surface -
one foot from growing
Site surface season
Lockwood Folly: Bluegreen Golf 16.00 16.70
Lockwood Folly: Martin-Amment 19.90 22.40
Lockwood Folly: Mill Creek 0.03 0.03
Lockwood Folly: Seawatch Bay 8.10 8.10
Lockwood Folly: Seawatch
Nautica 17.00 20.90
Lockwood Folly: Sikka 4.42 4.42
Mean 10.91 12.09
Fishing Creek: Belton Creek 72.40 57.80
Fishing Creek: Dargan 63.80 64.40
Fishing Creek: Dean 55.00 53.80
Fishing Creek: Eastwood 64.80 59.40
Fishing Creek: Goldston 32.20 26.60
Mean 57.64 52.40

Section 6.5 Small Basin Wetlands: Soil Results ardiscussion

As with the riverine wetlands, texture and soilacolvere recorded when the soil cores were
collected for the Small Basin wetlands. Differéayers/horizons were measured, and each
layer/horizon was then compared with the Munsell&dor chart to determine the hue, chroma,
and value. Solil texture was also determined rimseof the clay, silt, sandy or loam content of
the soil. These results are in Table E-4 in ApiperD for the Small Basin wetlands in the
Fishing Creek watershed and in Table E-2 also ipefglix E for the Small Basin wetlands in
the Lockwood Folly River watershed. For the Snibkin wetlands in Lockwood Folly River
watershed, the Bluegreen Golf site was primarigaady loam with some muck presence. The
typical Munsell color was dark at 10YR 2/1, 3/12,3and so on. The Martin-Amment site was
primarily organic muck, but with some samples beiogmmore loamy (with sand, clay and silt
presence) at the deeper levels. The Munsell eedertypically dark with 10YR 2/1 and 10 YR
2/2 being typical. The Mill Creek site had a myeksence, but was mostly a loamy sand. This
soil was also dark with a Munsell color being abb@¥R 2/1 to 4/1. Soils at the Seawatch Bay
site had a muck presence, but were mostly a savaiy.| The soil was dark with the Munsell
color being 10YR 2/1 or 3/1. The Seawatch Nausita had a very similar make-up in soil
texture with a muck presence but mostly sandy lodine Munsell color was dark being about
10YR 2/1. The soil at the Sikka site also had @kyusoil, but more than a presence with sand
and sandy loam being typical. The soil was agank dath a Munsell color typically at 10YR
2/1 at the upper layers.
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Overall, soils for the Small Basin wetlands in Ladlod Folly River watershed were very
similar in texture with often a muck presence wstdndy loam being the typical texture. The
Munsell color was typically very dark. Soils iretl®mall Basin wetlands at the Fishing Creek
watershed (see Table E4, Appendix E), did not hleemuck that was characteristic of the
Small Basin wetlands at the Lockwood Folly Rivertevahed. The Goldston site was primarily
a clay loam with some samples being sandy clay lodrhe soil was very mottled with the
typical Munsell color being 10YR 3/2, 4/2, and 6/3oil at the Dean site was much more of a
silty loam with many samples being a silty claynoaA few samples had some sand. The soil
was very mottled and the Munsell color generallgw2.5YR 5/1, 5/2, 6/2 or 10YR 5/3 or 5/4.
The Dargan Small Basin Wetland had a silty clayriaes being the typical texture with variants
from that. The Munsell color was typically 10YRLAith mottles. The Eastwood site was
predominately clay loam with strong mottling. TMensell color was typically gleyed. Finally
the Belton Creek site was primarily a clay loamhwsbme silt and sand mixed in some of the
soil samples. The Munsell color was about 10YR 3/1, 3/2, being darker than most of the
other Small Basin Wetlands at Fishing Creek. OVetta¢ Fishing Creek Small Basin wetlands
were different form the Small Basin wetlands at lthekwood Folly River watershed since the
Piedmont wetlands had no muck and therefore tHenss typically not as dark. The soil was
primarily a clay loam with a silty clay loam ortgiloam being also common, with some sand
mixed in some samples.

Soil samples were collected in the wetland (usully to six samples) and up to four samples
were collected in the uplands surrounding the wetlésee Soils Field Methodology, section
4.3). Table 6.5-1 shows the means for all of Wié garameters for each Small Basin wetland
site for the upland samples and wetland samplee hat not upland samples were collected at
the Winding River sites, due to having to core iaimained lawns). Table 6.5-2 shows the
mean results for the upland samples and the weamples averaged across sites. From Table
6.5-1, the Martin-Amment and Seawatch Nautica di@d the highest levels of humic mater
(percent) and the Bluegreen Golf and Mill Creeksihad the lowest levels. Just the opposite
was true for the weight per volume, with the Blesgr Golf and Mill Creek sites having the
highest levels and the Martin-Amment and Seawatahtida sites having the lowest levels. The
highest levels of CEC were recorded at the Martmrdent site, then the Seawatch Nautica and
Seawatch Bay sites respectively. For percent satseation, the Mill Creek, Seawatch Bay, and
Bluegreen Golf sites had the highest percent. &xgbeable Acidity (Ac) had the highest levels
recorded at the Martin-Amment and Seawatch Nauiies whereas the lowest levels occurred
at the Mill Creek and Bluegreen Golf sites. Alltbkse Small Basin wetland soils were quite
acidic, with the most acidic being the Martin-AmrhigoH=3.7) and Seawatch Nautica (pH=3.8)
sites. The least acidic site was the Bluegreeri i@ (pH=4.6). Phosphorus levels were quite
high at the Martin-Amment and Seawatch Nauticassitéh the other four sites having similar
levels. The same two sites also had the highestdef potassium (the Seawatch Nautica and
Martin-Amment sites respectively) with the restlué sites having much lower levels. Calcium,
however, was highest at the Seawatch Bay site whéshalmost three times the level of the next
highest, the Bluegreen Golf site. The Seawatch Biégy also had the highest levels of
magnesium, more than twice the levels of the Sedwhltautica site. The lowest levels of
magnesium were recorded at the Mill Creek sitelfuBwas highest at the Martin-Amment site
with the Seawatch Nautica site having the nextésglevels. The lowest levels of sodium were
recorded at the Mill Creek and Seawatch Bay sifdge Seawatch Bay site had the highest levels
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of manganese in the soil whereas the lowest lewadsirred at the Mill Creek site. The same
was true for zinc, with the Seawatch Bay site hguhre highest levels and the Mill Creek site
having the lowest levels of zinc in the soil. Tdavas very little difference in the levels of
copper with the exception of the Martin-Amment shiaving more than twice the levels of the
other five sites. The highest levels of sodiumuoeed at the Seawatch Nautica site with the
Martin-Amment site being next. The lowest leveleravrecorded at Mill Creek. Finally, for
nitrogen, Seawatch Nautica had the highest levelssh higher than the next two sites, the
Martin-Amment and Seawatch Bay sites respectivdlie levels of nitrogen at the Sikka site
were quite low.

From the results shown in Table 6.5-1, three sitad the most problems with potential
pollutants in the soils (metals and nutrients); tartin-Amment, Seawatch Nautica, and
Seawatch Bay sites, in that order. The Martin-Amirgéte was located in the most rural area,
while the Seawatch Nautica and Seawatch Bay siezs at the very early stages of residential
development. When comparing the soil resultshi water quality results, the Seawatch
Nautica and Sikka sites had the lowest water qualidowever, the lower water quality is
consistent for the Seawatch Nautica site, but tkkaSsite had good soil quality. The Sikka site
is a large site and the soil quality could be doevhere the samples were collected in the
wetland or how water flows through the system. Bheegreen Golf and Mill Creek sites also
had the best water quality and their soil resukscansistent with this. The Martin-Amment site
was also inconsistent since the site had good wgat&ity, but poorer soil quality and again this
could be due to where the samples were collectélgeinvetland or how water flows through the
system.

Table 6.5-2 shows the results for the upland antdame soil samples for the Small Basin
wetland in Lockwood Folly River (Brunswick County)The highest level of percent humic
matter was in the wetland, but somewhat surprigirthle percent base saturation was highest in
the upland. The weight per volume was lower in wWetland. The CEC was higher in the
wetland as was exchangeable acidity. Wetland sa@le® more acidic that upland soils. Levels
of phosphorus were more than twice as high in te#arnd and the potassium and magnesium
levels were also higher in the wetland. Calciuns whghtly higher in the upland. Sulfur was
higher in the wetland soils, but manganese hadehitgvels in the upland as was zinc. Copper
and sodium had recorded levels higher in the wetthan the upland. For nitrogen levels, the
wetland had much higher levels than the upland.

Statistical test were performed on the wetland apldnd results. Percent humic matter was
statistically significant with the higher levelstime wetland (Wilcoxon and ANOVA, p<0.0001),
and the weight by volume was also statisticallyngigant with the higher weight in the upland
soil samples (Wilcoxon, p=0.0002, ANOVA, p=0.0012).Percent base saturation was
statistically significant with the higher percergitg in the upland (Wilcoxon and ANOVA,
p<0.0001). This is not an expected result as oogldvgenerally expect the wetland to have a
higher base saturation. The Sikka and SeawatchsBay are still being monitored and future
results may clarify this result. CEC was also atiéht statistically with higher CEC being
recorded in the wetland (Wilcoxon, p=0.003, ANOWJ#0.0036). The pH and Ac were both
statistically significant (Wilcoxon and ANOVA at p<0044) with the wetlands being more
acidic and having a higher exchangeable acidigtassium was not statistically significant, but
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phosphorus was with the higher levels being inwmstland (Wilcoxon, p=0.0035, ANOVA,

p=0.022). Calcium and magnesium levels also wetesignificantly different, but sulfur was

(Wilcoxon, p=0.0764) with the wetland having thegher levels. Zinc was not statistically
significant but manganese was (Wilcoxon, p=0.024i#) the soil samples in the wetland having
the higher levels. Copper were statistically dadfg (Wilcoxon, p=0.585) as was sodium
(Wilcoxon, p=0.0006, ANOVA, p=0.0046), with the Watd having higher levels than the
upland. Finally, nitrogen levels were statistigasignificant with the wetland soils samples
having the higher levels (Wilcoxon, p=0.1068, ANOM#=0.1429).

The statistically significant results confirm thabst of the soil parameters that are potential
pollutants (metals and nutrients) occur in the aretl This is consistent with the water quality
results and indicates that the Small Basin wetlandbe Lockwood Folly River watershed are
acting as a sink for the potential pollutants amdehthe opportunity to improve the water
quality.

Table 6.5-3 shows the soil results for the SmaBiBavetlands in the Fishing Creek watershed
(Granville, County, Piedmont ecoregion) for uplaarl wetland soil samples. No soil samples
were collected from the Hart site due to the prgpehanging landowners. From this table, it
can be seen that the highest levels of humic mgtencent) occurred at the Belton Creek site
with the Dargan site next. The Dean site had thweest level. The weight per volume was
highest at the Eastwood site whereas the lowegihveias at the Belton Creek site, but these
were small differences. The highest levels of Gi#e recorded at the Belton Creek site with
the Dean and Eastwood sites having the lowestdevEbr percent base saturation, the Belton
Creek site was much higher than the other fous 5% versus less that 48% for the other
sites). The highest levels of Ac occurred at tle¢tdh Creek and Dargan sites with the lowest
levels at the Dean and Eastwood sites. All ofdibes were acidic and with similar pH, ranging
from 4.4 to 4.7 with the Eastwood and Dean sitaagoslightly more acidic. The levels of
phosphorus were very high at the Belton Creek sigyly twice the levels at the Dargan site
which had the next highest level. The Eastwooel Isétd the lowest level of phosphorus. The
Belton Creek site also had the highest levels dagmum with the Goldston site having the
lowest level. For calcium, the Belton Creek sig@ia had the highest level at twice the level
recorded at the Goldston and Dargan sites. Thgddaand Belton Creek sites had the highest
levels of magnesium with the Eastwood site havimglowest. The Dean site had the highest
level of sulfur with the other four sites havinghdar levels. The manganese was much higher at
the Dean and Eastwood sites than the other sftigee was highest at the Belton Creek site with
the Dean site being the lowest. The Belton Créekadso had the highest levels of copper with
the Goldston site having the lowest level. Forigwod the Dargan site had the highest levels
with the Eastwood and Belton Creek sites havingloinest levels. Finally for nitrogen, the
highest level was much higher at the Dean and Eastvgites than the other three sites. The
Goldston site had the lowest level of nitrogen.

From these results, the Eastwood and Goldston Isitéghe lowest levels of potential pollutants

(nutrients and metals) in the soil. The BeltondRrsite had the most problems followed by the
Dargan and Dean sites. The Goldston site was tigt orban of these sites located at a major
interaction of 1-85 and US 15. In relating to thater quality results, the Dargan site had the
best water quality which is not consistent with slod results. The Eastwood and Goldston sites
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also had more water quality problems, but had beti#¢ quality. These results, like the Small
Basin wetland results in the Lockwood Folly Riveatarshed did not have very consistent
results in terms of soil and water quality. In wast, the Riverine Swamp Forest and
Bottomland Hardwood Forest wetland sites had faidgisistent results between the soil results
and water quality. Therefore, the Small Basin wetta regardless of watershed, appear to be
quite variable. In addition, this may also refl¢ioe fact that the watersheds of Small Basin
wetlands are miniscule in comparison to the othettamd types.

Table 6.5-4 shows the results for the Small Bastiamds at Fishing Creek for the upland and
wetland soils samples. The percent humic mattey kvgher in the wetland as was the CEC.
The weight by volume was higher in the upland. Pkecent base saturation was higher in the
upland which was not expected. The Ac was high¢heé wetland and the pH was slightly more
acidic in the wetland also. Phosphorus was highehe upland, but potassium and calcium
were higher in the wetland. Magnesium and mangamese higher in the upland but the

wetland soil sample had higher levels of sulfur aimt. The levels of copper were about the
same, but there were much higher levels of sodinghnétrogen in the wetland.

Statistical tests were performed on the upland \watland soil samples to determine which
levels were statistically significant. Percent lmmmatter was statistically significant
(Wilcoxon, p<0.0001, ANOVA, p=0.0019), with the waetd having the higher levels. The
upland had the higher weight per volume which wetisdically significant (Wilcoxon,
ANOVA, p<0.0001). The percent base saturation waaxpectedly higher in the upland and
this result was also statistically significant (¢dkon, p=0.0665, ANOVA, p=0.0629). As noted
earlier, long term monitoring of two of these sitemy clarify this result. CEC was also
significant statistically (Wilcoxon, p=0.0099), withe higher levels in the wetland soil samples.
The levels of Ac and the pH were both statisticalignificant (Wilcoxon, ANOVA, both at
p<0.0015), with the higher Ac recorded in the wadland the wetland being more acidic. The
levels of phosphorus and calcium were not stasibyicsignificant, but potassium levels were
significantly different with the higher levels bgiim the wetland (Wilcoxon, p=0.1087, ANOVA
p=0.0704). Magnesium was not different statiskycddut sulfur was (Wilcoxon, p=0.0081) with
the wetland having the higher levels. Manganess kigher in the upland and again was
different statistically (Wilcoxon, p=0.0319, ANOVA=0.0002). Zinc levels were different
statistically (Wilcoxon, p=0.0649, ANOVA, p=0.0393@s was copper (Wilcoxon, p=0.0878),
with the soil samples in the wetland having thehkrglevels. Sodium levels were also
significantly different with the higher levels again the wetland (Wilcoxon, p<0.0001,
ANOVA, p=0.0439). Finally, the levels for nitrogemere higher in the wetland and this
difference was statistically significant (Wilcoxqrs0.0234).

These results for the upland and wetland soil sasnjalr the Small Basin wetlands in the Fishing
Creek watershed show that most of the potentidutamits (nutrients and metals) had higher
levels in the wetland as opposed to the upland.aiighis indicates that these Small Basin
wetlands act as sinks for these potential pollstaftherefore, these wetlands appear to have the
potential for improving water quality.

Next, comparisons were made between the two wadss{@and ecoregions) for the Small Basin
wetlands. Table 6.5-5 shows the means for eadtpammeter by watershed. From the table,
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the Lockwood Folly River Small Basin wetlands haé highest percent humic matter as one
would expect from the Coastal Plain. The weightvblume was virtually identical. The CEC
was higher in Fishing Creek as was the percent baseation. The Lockwood Folly River
watershed sites were more acidic and thereforeahlaigher Ac. The level of phosphorus was
higher at the Small Basin wetland in Lockwood FdRiver. Potassium was highest at Fishing
Creek at nearly twice the level as the LockwoodyHlver sites. Calcium was more than three
times higher at Fishing Creek and magnesium asm@® that four times higher at Fishing
Creek. Sulfur was also higher at Fishing Creek landls of zinc and copper were more than
twice as high at Fishing Creek. Sodium was almegite as high at Fishing Creek. However,
the levels of nitrogen were only slightly highef=hing Creek.

Statistical tests were performed on the soils tlatavaluate the significance of the differences
between the two watersheds (and ecoregions). Eneept humic matter was statistically
significant with the higher levels at Lockwood KoRiver (Wilcoxon, ANOVA, p<0.0001).
The weight per volume was also significant stataly (Wilcoxon, p=0.0199) with Lockwood
Folly River having a slightly higher weight. Fislgi Creek had the higher level of CEC which
was statistically significant (Wilcoxon, p=0.0008NOVA, p=0.0004). Percent base saturation
was higher at Fishing Creek and this difference stasstically significant (Wilcoxon, ANOVA,
p=0.0001). Ac and pH were both significant stat#dly (for Ac, Wilcoxon=0.1097, ANOVA,
p<0.0299 and for pH, Wilcoxon, ANOVA, p<0.0001).odkwood Folly River wetlands were
more acidic and therefore had the higher level of A'he level of phosphorus was higher at
Lockwood Folly River wetlands (Wilcoxon, p=0.000BNOVA, p=0.0347). Potassium and
calcium were both higher at Fishing Creek (WilcoxANOVA, all at p<0.0001). The levels of
magnesium were also significant with the highesele again at Fishing Creek (Wilcoxon,
ANOVA, p<0.0001). Sulfur levels were also statiatly significant (Wilcoxon, p=0.0142,
ANOVA, p=0.1294) with the higher levels at FishiG@geek. Fishing Creek sites also had the
higher levels of zinc, manganese, and copper ahdhede were statistically significant at
p<0.0001 (both the Wilcoxon and ANOVA). Sodium wsatistically significant (Wilcoxon,
p=0.0165, ANOVA, p=0.0038), with Fishing Creek ag&iaving the higher levels. Finally,
nitrogen levels were also statistically signific@tilcoxon, p=0.0150), again with Fishing Creek
having the higher levels.

These results comparing the soil parameters afntbevatersheds with the Small Basin wetlands
show that soils in the Lockwood Folly River Smalidn wetlands generally had lower levels of
potential pollutants than the Fishing Creek wettand'his result is consistent with the water
quality results which also showed that the Lockw&otly River Small Basin wetland had better
water quality than the Fishing Creek Small Basitlavels. Again, as pointed out with the water
quality results, one could conclude that the SiBalin wetlands in Lockwood Folly River may
do a better job of improving water quality (ultirabt resulting in soils with lower levels of
potential pollutants) than the Fishing Creek wetigrbut without better a understanding of the
inputs into the systems and how the developmergspres differ, it is difficult to substantiate
that conclusion. The fact that two Small Basinlareds in Fishing Creek (the Dean and Dargan
sites) and two Small Basin wetlands in Lockwoodly-&iver (the Sikka and Seawatch Bay
sites) are still being monitored and may shed sbtghe on this difference as more data are
collected.
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Table 6.5-1 Means by Site for Lockwood Foll

River Watershed Small Basin Wetlands for Upland and Wetland Soil Samples

Bluegreen Golf 19 0.890 2.264 1.285 1.118 3.450 4.206
Martin-Amment 18 0.913 7.261 1.303 0.554 4.475 10.886
Mill Creek 14 0.560 2.636 1.460 1.268 2.700 2.942
Seawatch Bay 17 0.595 4,705 1.420 1.139 4,100 9.213
Seawatch Nautica 12 2.520 6.034 1.190 0.685 5.600 10.082
Sikka 16 0.225 3.933 1.380 1.227 2.200 5.971

Bluegreen Golf 19 37.500 26.118 2.150 3.165 4.650 4.618
Martin-Amment 18 33.000 10.786 2.925 9.693 4.450 3.650
Mill Creek 14 41.000 29.083 1.600 2.200 4.450 4.500
Seawatch Bay 17 41.000 27.447 2.500 6.333 4.450 4.093
Seawatch Nautica 12 41.000 12.364 3.300 8.836 4.700 3.809
Sikka 16 26.500 17.000 1.600 5.114 4.450 4.050

Bluegreen Golf 19 4.000 9.824 10.700 16.794 201.950 155.341
Martin-Amment 18 9.825 40.036 26.050 49.657 222.100 134.093
Mill Creek 14 6.150 11.042 9.000 9.075 174.900 111.750
Seawatch Bay 17 4.700 12.460 11.650 16.473 236.050 413.473
Seawatch Nautica 12 28.100 30.591 18.800 56.818 370.800 134.973
Sikka 16 4.700 13.764 5.650 10.736 85.250 108.136

Bluegreen Golf 19 31.900 26.306 10.200 31.494 1.950 0.794
Martin-Amment 18 46.150 48.629 23.700 64.943 1.700 1.064
Mill Creek 14 24.350 18.217 57.850 19.225 0.900 0.608
Seawatch Bay 17 44.000 115.847 1.500 12.440 2.450 2.200
Seawatch Nautica 12 46.400 53.518 15.700 51.436 1.000 1.309
Sikka 16 17.100 34.400 11.100 10.179 0.800 0.621

196




Table 6.5-1 Means bi Site for Lockwood Folli River Watershed Small Basin Wetlands for Uiland and Wetland Soil Samiles

Bluegreen Golf 19 0.500 0.441 0.400 0.335 14.500 32.000
Martin-Amment 18 1.200 0.664 0.300 0.857 19.750 54.000
Mill Creek 14 0.550 0.392 0.200 0.333 17.500 17.333
Seawatch Bay 17 0.750 1.233 0.250 0.360 18.500 35.933
Seawatch Nautica 12 0.900 0.800 0.400 0.373 35.000 64.545
Sikka 16 0.350 0.400 0.250 0.329 10.000 27.143
Bluegreen Golf 19 1.500 2.000
Martin-Amment 18 1.250 9.929
Mill Creek 14 0.000 1.500
Seawatch Bay 17 0.000 6.467
Seawatch Nautica 12 2.000 16.545
Sikka 16 0.000 0.286
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Table 6.5-2 Lockwood Folly River Watershed Small Basin wetlands Soil Mean Results for Upland and
Wetland Samples

13.000

0.824

1.345

3.723

35.769

2.362

4.500

83.000

4.383

1.009

7.131

20.840

5.780

4.140

8.192

15.154

204.269

35.823

20.908

13.000

1.538

83.000

18.989

25.446

181.443

50.055

30.966

1.106

13.000

0.769

0.292

18.077

0.769

83.000

0.655

0.431

37.795

5.711

198




Table 6.5-3 Means by Site for Fishing Creek Watershed Small Basin Wetlands for Upland and Wetland Soil Samples

Belton Creek 16.000 0.385 1.192 1.013 0.875 17.925 14.892
Dargan 17.000 0.223 1.035 1.180 0.879 9.225 11.238
Dean 25.000 0.203 0.384 1.114 0.982 5.613 6.912
Eastwood 14.000 0.300 0.558 1.140 1.007 3.550 6.542
Goldston 20.000 0.150 0.538 1.265 1.104 6.613 9.675

Belton Creek 16.000 76.250 57.250 3.700 6.108 5.050 4.408
Dargan 17.000 42.250 42.308 3.625 6.062 4.550 4.392
Dean 25.000 60.125 47.529 2.175 3.365 4.963 4.671
Eastwood 14.000 36.000 45.917 2.250 3.608 4.700 4.675
Goldston 20.000 49.500 42.917 3.125 5.033 4.613 4.483

Belton Creek 16.000 4.250 25.383 42.000 75.492 1345.550 1238.867
Dargan 17.000 5.675 13.992 21.325 45.223 424.900 505.746
Dean 25.000 12.050 10.235 57.325 44.294 470.413 404.741
Eastwood 14.000 4.400 6.267 34.550 49.725 120.550 353.192
Goldston 20.000 35.575 8.992 25.638 33.250 530.225 612.933

Belton Creek 16.000 898.850 290.367 18.075 27.867 179.750 18.600
Dargan 17.000 413.575 307.154 20.225 33.338 6.400 11.385
Dean 25.000 114.300 170.759 36.363 51.076 111.288 45.076
Eastwood 14.000 71.050 127.042 66.700 30.208 47.500 31.367
Goldston 20.000 95.525 181.167 30.013 37.750 14.563 8.750
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Table 6.5-3 Means bi Site for Fishini Creek Watershed Small Basin Wetlands for Uiland and Wetland Soil Samiles

200

Belton Creek 16.000 1.875 2.883 3.500 1.450 38.500 42.250
Dargan 17.000 0.825 1.638 0.600 1.046 73.250 112.462
Dean 25.000 1.088 1.129 0.663 0.859 15.625 55.647
Eastwood 14.000 1.100 1.425 0.650 0.767 10.500 38.250
Goldston 20.000 0.913 1.200 0.538 0.650 27.000 78.833
Belton Creek 16.000 1.000 4,750
Dargan 17.000 0.500 2.000
Dean 25.000 5.375 11.176
Eastwood 14.000 5.500 9.750
Goldston 20.000 1.375 0.750




Table 6.5-4 Fishing Creek Watershed Small Basin Wetlands Soil Mean Results for Upland and Wetland
Samples

26.000

0.225

1.157

8.212

54.731

2.931

4.785

66.000

0.719

0.969

9.650

47.136

4.742

4.535

26.000

16.519

37.927

589.538

271.938

31.446

71.015

66.000

12.782

49.129

604.776

213.315

37.145

24.529

26.000

1.115

1.050

31.115

2.731

Wet

66.000

1.615

0.948

65.455

6.045

Table 6.4-5 Soil Means by Watershed for Small Basin Wetlands

Fishing Creek | 66.000 0.719 0.969 9.650 47.136 4,742 4,535
Lockwood
Folly 83.000 4,383 1.009 7.131 20.840 5.780 4.140

Fishing Creek | 66.000 12.782 49.129 604.776 213.315 37.145 24.529
Lockwood
Folly 83.000 18.989 25.446 181.443 50.055 30.966 1.106

Fishing Creek | 66.000 1.615 0.948 65.455 6.045
Lockwood
Folly 83.000 0.655 0.431 37.795 5.711
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Section 6.6 Small Basin Wetlands: Amphibian Residtand Discussion

The Small Basin wetland survey resulted in a toff23 amphibians being identified to species.
There were 17 species of amphibians identifiedpecies in the Coastal Plain Lockwood Folly
River sites of which 13 were anurans and 14 weodela including: green tree frog, pinewoods
tree frog, Cope’s gray tree frog, squirrel treefreouthern cricket frog, little grass frog, southe
chorus frog Pseudacris nigrity Brimley’s chorus frogRseudacris brimleyj southern leopard
frog, northern green frog, bullfrog, southern toadk toad Bufo quercicus eastern newt,
marbled salamander, white-spotted slimy salama(flethodon cylindracegsand the many-
lined salamandeiSterochilus marginatgsin the Piedmont Fishing Creek sites, 13 amphibia
were identified to species, (10 anurans and 3 Uapdamilarly to the Coastal Plain, Cope’s gray
tree frog, squirrel tree frog, northern green frogllfrog, southern leopard frog, eastern newt and
marbled salamander were observed, in addition,Atmerican toad, Fowler's toad, northern
cricket frog, upland chorus frog, spring peeped apotted salamander were also observed. The
Coastal Plain Small Basin wetlands were more adiie to the presences of pond cypress
(Taxodium ascendenand a lack of fire. Most Piedmont sites yieldedrenabundance results
(44 to 250) then the Coastal Plain amphibian swgyvesich ranged from 21 to 77. The most
common species by far in the Coastal Plain wasolghern cricket frog with 136 occurrences at
five sites followed by the southern toad (19 ocences)Ranasp. (16 occurrences) and green
tree frog (10 occurrences) which were found atehtleree, and one site. respectively. The most
common species in the Piedmont species were thihesouleopard frog (232 occurrences),
spotted salamander (147 occurrences), and sprigeygep€70 occurrences). The southern leopard
frog was found 5 sites, the spotted salamanderfowasd at all six sites, and the spring peeper
was found at 3 sites.

The Small Basin wetlands were analyzed two wayscdmbining both regions together and
separating the regions. The results were slightlyeb by separating the two regions; however,
the Piedmont result only had two usable metricgterIBl. Table 6.6-1 shows the significant
correlation results (p-value 8.15) for the Spearman’s Rho and Pearson’s parasrelation
analyses. Similarly to the previous amphibian asedy results that had a more significant p-
value of < 0.05 and Pearson’s correlation or Spaatsrp > 0.5 are listed in bold blue while
results that had a p-value of < 0.1 an@.5 are listed in bold red. Three metrics weresehdor
the Coastal Plain Small Basin wetland IBl. Perc€akerance, Percent Urodela, and Species
Richness. Percent Tolerance and Percent Urodela alesen for the Piedmont Small Basin
wetland Amphibian IBI. The Coastal Plain metricaretated with four to seven disturbance
measurements including soil pH, Cu, and Zn and mgtelity Ca, Mg, Ammonia NO2+NO3,
Cu, fecal Coliform, DOC, and TSS. There were noraations with either ORAM or LDI.
Percent EW-HW-Seep, Percent Sensitive, Percentdlapdnd Abundance correlated with just
one or two disturbance measurements. The Piedmetticsr correlated with three to six
disturbance measurements, including ORAM. Specielsnigss correlated with TSS and Percent
Sensitive correlated with TSS, otherwise there vmerether correlations for the Piedmont Small
Basin wetlands.

Table 6.6-2 shows the metric results for both thastal Plain (shown in bold red) and Piedmont
(shown in bold blue) Small Basin wetland sites. #@ Coastal Plain, species richness ranged
from four (the Martin-Amment site, a highly acidstte) to ten (the Bluegreen Golf and Mill
Creek sites), percent tolerance ranged from 35% NHl Creek site) to 92% (the Sikka site),
and percent Urodela ranged from 0% (the Sikka $dej.3% (the Mill Creek site). For the
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Piedmont, abundance ranged from 44 (the Goldstehtsi 250 (the Belton Creek site) and 245
(the Dargan site) and percent EW-HW-seep rangeah ftd% (the Dargan site) to 43% (the
Eastwood and Goldston sites). Metric score assgsnof “0” “3”7, “7”, “10” were made
according to the data distribution and are showiliable 6.6-3 (bold red for the Coastal Plain
and bold blue for the Piedmont). Table 6.6-4 shtives metric score assigned for the species
richness, percent tolerant, percent Urodela forGbastal Plain (bold red) and abundance and
percent EW-HW-seep for the Piedmont (bold blueke Tdtal amphibian IBI scores ranged from
7 to 23 in the Coastal Plain and 13 to 17 in thedRiont. In the Coastal Plain, the Sikka site,
which was not a low quality (quality again refegito best professional judgment in this
context) site scored 7 and the Mill Creek site Whicas also not a low quality site, although
Sunset Harbor Road is located in the buffer of gide of this site, scored 23. The Seawatch Bay
site, which was probably the highest quality sitéhe Coastal Plain, had a score of 14 while the
Bluegreen Golf site, the lowest quality site, hagtare of 17. The lack of diversity in the ratings
for the Piedmont is likely due to only two metriosing chosen for the IBI. It is apparent from
the results that further evaluation of these stes evaluation of additional sites that are vaeabl
in quality would be needed to develop a more regmtadive IBI to be used in both the Coastal
Plain and Piedmont.
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Table 6.6-1 Small Basin Wetland Significant Correlation Results with Disturbance Measures

Correlation /

Region Wetland Type Cadidate Metric ~ Disturbance Measuremen t | Spearman p p-value Analysis

Both Small Basin Wetland %Sensitive NO2+NO3 -0.4535 0.1387 Spearman’s Rho Correlation

Both | Small Basin Wetland %Sensitive Total Suspended Residue -0.5455 0.0666 Spearman’s Rho Correlation

Both | Small Basin Wetland %Urodela Fecal Coliform -0.7360 0.0064 Pearson’s Correlation

Both Small Basin Wetland %Urodela pH 0.6294 0.0283 Spearman’s Rho Correlation

Both | Small Basin Wetland %Urodela Soils Mean(pH) 0.5229 0.0989 Pearson’s Correlation

Both | Small Basin Wetland %Urodela Soils Mean(pH) 0.5455 0.0827 Spearman’s Rho Correlation

Both | Small Basin Wetland %Urodela Soils Median(pH) 0.5162 0.1041 Pearson’s Correlation

Both | Small Basin Wetland %Urodela Soils Median(pH) 0.5434 0.0841 Spearman’s Rho Correlation

Both | Small Basin Wetland AQAI Fecal Coliform -0.4466 0.1456 Pearson’s Correlation

Both | Small Basin Wetland Species Richness pH 0.5794 0.0484 Pearson’s Correlation

Both | Small Basin Wetland Species Richness pH 0.6138 0.0338 Spearman’s Rho Correlation

Both | Small Basin Wetland Species Richness Soils Mean(pH) 0.6362 0.0354 Pearson’s Correlation

Both | Small Basin Wetland Species Richness Soils Mean(pH) 0.7032 0.0158 Spearman’s Rho Correlation

Both | Small Basin Wetland Species Richness Soils Median(pH) 0.6900 0.0188 Pearson’s Correlation

Both | Small Basin Wetland Species Richness Soils Median(pH) 0.7615 0.0065 Spearman’s Rho Correlation
cp | Small Basin Wetland %EW-HW-Seep NO2+NO3 -0.7775 0.0687 | Spearman’s Rho Correlation
cp Small Basin Wetland %Sensitive Ammonia -0.6667 0.1481 | Spearman’s Rho Correlation
cp Small Basin Wetland %Sensitive NO2+NO3 -0.7775 0.0687 Spearman’s Rho Correlation
cp Small Basin Wetland %Tolerance Ammonia 0.7023 0.1197 Pearson’s Correlation
cp Small Basin Wetland %Tolerance Ammonia 0.8986 0.0149 Spearman’s Rho Correlation
cp Small Basin Wetland %Tolerance Copper 0.6983 0.1228 Spearman’s Rho Correlation
cp Small Basin Wetland %Tolerance NO2+NO3 0.7775 0.0687 Spearman’s Rho Correlation
cp Small Basin Wetland %Tolerance Soils Median(Zn mg/dm3) 0.6667 0.1481 Spearman’s Rho Correlation
cp Small Basin Wetland %Tolerance Total Suspended Residue 0.8286 0.0416 Spearman’s Rho Correlation
cp Small Basin Wetland %Urodela Ammonia -0.8407 0.0361 Spearman’s Rho Correlation
cp Small Basin Wetland %Urodela Calcium -0.7415 0.0916 Pearson’s Correlation
cp Small Basin Wetland %Urodela Copper -0.7590 0.0801 Spearman’s Rho Correlation
cp Small Basin Wetland %Urodela Fecal Coliform -0.8723 0.0234 Pearson’s Correlation
cp Small Basin Wetland %Urodela Fecal Coliform -0.7537 0.0835 Spearman’s Rho Correlation
cp Small Basin Wetland %Urodela Magnesium -0.7432 0.0904 Pearson’s Correlation
cp Small Basin Wetland %Urodela Magnesium -0.7143 0.1108 | Spearman’s Rho Correlation
cp Small Basin Wetland %Urodela NO2+NO3 -0.9977 0.0000 Pearson’s Correlation
cp Small Basin Wetland %Urodela NO2+NO3 -0.8452 0.0341 Spearman’s Rho Correlation
cp Small Basin Wetland %Urodela Total Suspended Residue -0.7714 0.0724 Spearman’s Rho Correlation
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Table 6.6-1 Small Basin Wetland Significant Correlation Results with Disturbance Measures

Correlation /

Region Wetland Type Cadidate Metric ~ Disturbance Measuremen t | Spearman p p-value Analysis
cp Small Basin Wetland Abundance Dissolved Oxygen (%) 0.7143 0.1108 Spearman’s Rho Correlation
cp Small Basin Wetland Abundance Dissolved Oxygen (mg/L) 0.7143 0.1108 Spearman’s Rho Correlation
cp | Small Basin Wetland AQAI Ammonia -0.6667 0.1481 | Spearman’s Rho Correlation
cp Small Basin Wetland AQAI NO2+NO3 -0.7775 0.0687 Spearman’s Rho Correlation
cp Small Basin Wetland Species Richness DOC -0.6957 0.1248 | Spearman’s Rho Correlation
cp Small Basin Wetland Species Richness pH 0.7494 0.0863 | Pearson’s Correlation
cp Small Basin Wetland Species Richness Soils Mean(Cu mg/dm3) -0.7556 0.0823 Pearson’s Correlation
cp Small Basin Wetland Species Richness Soils Mean(pH) 0.7688 0.0740 Pearson’s Correlation
cp Small Basin Wetland Species Richness Soils Mean(pH) 0.7537 0.0835 Spearman’s Rho Correlation
cp Small Basin Wetland Species Richness Soils Median(pH) 0.8099 0.0508 Pearson’s Correlation
cp Small Basin Wetland Species Richness Soils Median(pH) 0.7537 0.0835 Spearman’s Rho Correlation
cp Small Basin Wetland Species Richness | Soils Median(Zn mg/dm3) -0.7059 0.1170 Spearman’s Rho Correlation
pd | Small Basin Wetland Y%EW-HW-Seep DOC -0.6902 0.1291 | Pearson’s Correlation
pd Small Basin Wetland %EW-HW-Seep pH 0.6724 0.1434 Pearson’s Correlation
pd Small Basin Wetland %EW-HW-Seep Soils Mean(Cu mg/dm3) -0.8315 0.0809 Pearson’s Correlation
pd Small Basin Wetland %EW-HW-Seep Soils Mean(Cu mg/dm3) -0.9000 0.0374 Spearman’s Rho Correlation
pd Small Basin Wetland %EW-HW-Seep Soils Median(Cu mg/dm3) -0.9669 0.0072 Pearson’s Correlation
pd Small Basin Wetland %EW-HW-Seep Soils Median(Cu mg/dm3) -0.8721 0.0539 Spearman’s Rho Correlation
pd Small Basin Wetland %Sensitive Total Suspended Residue -0.6993 0.1220 Pearson’s Correlation
pd Small Basin Wetland Abundance Calcium -0.7681 0.0744 | Pearson’s Correlation
pd Small Basin Wetland Abundance Copper -0.8075 0.0520 Pearson’s Correlation
pd Small Basin Wetland Abundance Copper -0.7714 0.0724 | Spearman’s Rho Correlation
pd Small Basin Wetland Abundance Lead -0.7583 0.0806 Pearson’s Correlation
pd Small Basin Wetland Abundance Lead -0.7590 0.0801 Spearman’s Rho Correlation
pd | Small Basin Wetland Abundance Magnesium -0.7688 0.0740 | Pearson’s Correlation
pd Small Basin Wetland Abundance ORAM Mean 0.6855 0.1328 Pearson’s Correlation
pd Small Basin Wetland Abundance Zinc -0.8515 0.0314 Pearson’s Correlation
pd Small Basin Wetland Abundance Zinc -0.8857 0.0188 Spearman’s Rho Correlation
pd | Small Basin Wetland Species Richness | Total Suspended Residue -0.8792 0.0210 | Pearson’s Correlation
pd Small Basin Wetland Species Richness | Total Suspended Residue -0.8407 0.0361 Spearman’s Rho Correlation

Bold Red = Probility < 0.05 and Bold Blue = Probility > 0.05 and < 0.10
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Table 6.6-2 Small Basin Wetland Candidate Metric Results

c
o
8 Species Y%EW-HW-
nd Site Name Richness Abundance %Tolerance %Sensitive %Urodela AQAI Seep
Bluegreen Golf 10 23.4 65.81 14.1 4.7 3.03 9.4017
£ Martin-Amment 4 21 42.86 47.62 4.76 4.1 47.619
o | Mill Creek 10 41 35.37 45.12 7.32 3.55 12.1951
% Seawatch Bay 5 61.5 96.75 1.63 1.63 1.98 3.252
S | Seawatch Nautica 8 59 67.8 25.42 3.39 3.15 28.8136
Sikka 7 77 92.21 7.79 0 2.16 6.4935
Belton Creek 14 249.95 51.21 43.79 27.01 3.99 17.3035
. | Dargan 6 245.1 79.87 12.18 12.18 3.72 14.0045
é Dean 11 95 53.42 39.84 40.26 4.47 24.7632
® | Eastwood 9 107.15 48.06 9.47 8.54 3.8 42.8138
. Goldston 8 44.4 39.41 20.05 17.79 4.06 42.9054
Hart 8 62.35 54.05 29.91 45.95 3.62 30.5132

Bold Red = Metrics to be used in Coastal Plain Amphibian Small Basin Wetland IBI, Bold Blue = Metrics to be used in Piedmont Amphibian Small Basin

1BI

%EW-HW-Seep = Percent Ephemeral Wetland - Headwater Wetland — Seep

Table 6.6-3 Metric Score Assignments for Small Basin wetlands

Metric 0 3 7 10
Species Richness <3 <5 <8 28
%Tolerance 250 <50 <30 <10
%Urodela 0 <2 <5 25
Abundance <20 <50 <200 2200
%EW-HW-Seep <5 <20 <40 240

Bold Red = Metrics to be used in Coastal Plain Amphibian Small Basin Wetland IBI, Bold Blue = Metrics to be used in Piedmont
Amphibian Small Basin I1BI, %EW-HW-Seep = % Ephemeral Wetland - Headwater Wetland —Seep

Table 6.6-4 Amphibian IBI Scores for Small Basin Wetland Sites

=

o

.aaf Species Y%EW-HW-

04 Site Name Richness Abundance %Tolerance %Urodela Seep Total
Bluegreen Golf 10 0 7 17

£ Martin-Amment 3 3 7 13

o | Mill Creek 10 3 10 23

% | Seawatch Bay 7 0 7 14

8 | Seawatch Nautica 10 0 3 13
Sikka 7 0 0 7
Belton Creek 10 3 13

. | Dargan 10 3 13

é Dean 7 7 14

@ | Eastwood 7 10 17

® | Goldston 3 10 13
Hart 7 7 14
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Section 6.7 Small Basin Wetlands: Macroinvertebrat®esults and Discussion

Section 6.7 will be delivered to the EPA at a lai@e when the macroinvertebrate samples have
been identified, enumerated, and analyzed.

Section 6.8 Small Basin Wetland: Vegetation Survelgesults and Discussion

The vegetation survey of Small Basin wetlands anltbckwoods Folly watershed yielded about
80 vascular species of trees, shrubs, grass, feedges, and vines. The Small Basin wetlands
were more open than the Riverine Swamp Foresten oftith trees dominating the edges and
scattered through the middle. Swamp tupelo wasabyhie most common tree species followed
by pond cypressTaxodium ascendepsand red maple. Loblolly pinéP{nus taedy red bay
(Persea borbonig and sweet gum also occurred in these Small Basthands. Shrubs were
very dominant while herbaceous vegetation was repagse at most sites except Sikka. Titi was
the most dominant shrub followed by Myrtle holjek myrtifolia), fetter bush, and highbush
blueberry Yaccinium fuscatujn Witch grass Dicantheliumspp) was the most dominant herb,
other herb species that occurred were Virginiarctiarn {(Woodwardia virginiang red-root
(Lachnanthes carolianaand loose head beakrugRhfychospora chalarocephalavine species
that occurred (although not as prominently as & Riverine Swamp systems) were laurel-leaf
greenbriar and poison ivy.

The vegetation survey of the Fishing Creek SmadliBavetlands showed in more diversity then
in Lockwoods Folly River sites with 110 speciesvascular plants. Only five of the six sites
were surveyed due to loss of access to the Hartwitich probably would have identified a few
more grass species. One of the sites had been ewmtyplogged (the Eastwood site), while both
the Hart and Belton Creek sites had been partiaiged. Otherwise these sites were forested
with mature trees. The Dargan and Dean sites, whare not logged, had more open canopies
then the other type of wetland (Bottomland Hardw&odests) studied in Fishing Creek. Ground
vegetation also tended to be more sparse in tisedisturbed sites. Trees that were common in
the Fishing Creek Small Basin wetlands were sweet,ged maple, willow oak, black gum
(Nyssa sylvatica and winged elm, other tree species including Acae elm, loblolly pine, and
green ash. Highbush blueberry was the most domstanib followed by fetterbust.éucothoe
racemosy other shrub species included blackberRuljusspp) and buttonbush. Nepalese
browntop occurred at three of the sites, but it was nearly as dominant as it was in the
Bottomland Hardwood Forest sites. Ground vegetatiaa variable between the different Small
Basins surveyed. Wool grasSdjrpus cyperinysdid occur at three of the sites, otherwise the
more dominant species tended to only occur at onevo of the sites. Some of these species
included creeping sedgduncus repens Autumn bluegrassPa autumnaliy fringed sedge,
southern waxy sedgeCérex glaucescefsand various other species Garex Poison ivy,
muscadine grape, trumpet vine, and japonese hoddgswere vines that occurred but did not
dominate these sites. Moss was also more of anrtanigpresence in the Fishing Creek Small
Basin wetlands than the Small Basin wetlands itbastal Plain or riverine community types.

Statistical correlations were run by separatingShwll Basin wetland by region and by keeping
both regions together thus having a larger sampke (8 = 11). Better correlation results were
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achieved by combining the regions so it made seéosdevelop the IBIs with both regions
together rather then separately as was done wetisthall Basin wetland Amphibian IBI. Table
6.8-1 shows the significant correlation resultsvfhie <0.15) for the Spearman’s Rho and
Pearson’s pairwise correlation analyses. Resutshifid a more significant p-value of < 0.05 and
Pearson’s correlation or Spearmap’s> 0.5 are listed in bold blue while results thatita p-
value of < 0.1 and 8.5 are listed in bold red. The following factersre considered a priority in
choosing metrics for the Small Basin wetland pl&it 1. Metrics with lower probabilities, 2.
metrics that were significant for both Pearson’g@ation and Spearman’s Rho, 3. metrics that
correlated with more then one disturbance measurerde metrics that were not measuring
similar biological attributes (e.g. Native Herb Riess and Herb Richness), 5. metrics that
correlated with ORAM which was a better measureréstte condition, 6. types of metrics that
measured different aspects of the vegetation contyn@ine. Community Balance Structure,
Wetness, Functional Groups, and Community Strugtliteere were a total of 11 plant metrics
with significant results (see Table 6.8-1), howeeght metrics using the above criteria were
chosen for the Small Basin wetland plant IBI. Thea8 Basin wetland swamp metrics chosen
were Evenness for the Community Balance metric,tiAg®Al cover and Invasive Coverage for
the Floristic Quality metric type, Wetland ShrubcRiess for the Wetness Characteristics
metrics, and Sapling Density, Large Tree Densityd &tanding Snag Importance for the
Community Structure metric type. These metrics Hael more significant results (lower p-
value), were representative of four of the différéypes metric types, and correlated with
ORAM or ORAM and LDI in one or both statistical celations.

Table 6.8-2 shows the metric results for each ef $imall Basin wetland sites. Metric scores
ranged from 0.08 (the Eastwood site) to 0.35 (thewtch Nautica site) for the evenness metric,
which suggests that the Seawatch Nautica siteleathbst even distribution of species while the
Eastwood site had the least even distribution. iescores ranged from 7.7 (the Eastwood site)
to 30.9 (the Seawatch Nautica and Seawatch Bay Isété 30.6) for the FQAI Cover metric, 1.2
(the Seawatch Bay, Seawatch Nautica, and Sikka sieee 1.4, and the Dargan site was 1.8) to
33.3 (the Mill Creek site) for the percent toleranmetric, and 0 (the Martin-Amment, Mill
Creek, Seawatch Bay, Seawatch Nautica, Belton Creek Dargan sites) to 3.5 (the Goldston
site) for the invasive coverage metric. The FQAdules suggest that the Eastwood site was
dominated with the lowest quality vegetation. Tresti#ood site was dominated with ruderals
(weedy species) due to recently being cutover wihiée Seawatch Bay and Seawatch Nautica
sites had the highest quality vegetation. The Gotdsite, a low quality Piedmont site (“quality”
here again refers to best profession judgementkekatic invasives such as Nepalese browntop
grass, Japonese honeysuckle and multiflora rBssg multiflora while the Martin-Amment,
Mill Creek, Seawatch Bay, Seawatch Nautica, Belfoeek, and Dargan sites did not have any
exotic invasives occur in the vegetation surveyr&g ranged from 0 (the Eastwood site) to 8
(the Seawatch Nautica site) for the wetland shictmess metric, which indicates the Seawatch
Nautica site had the most diverse coverage of wetnrubs while the Eastwood site had none.
Metric scores ranged from 0.3 (the Seawatch Nauditg) to 1 (the Eastwood site) for the
sapling density metric, O (the Bluegreen Golf arstizood sites) to 0.4 (the Seawatch Nautica
site) for the large tree density metric, and O @hgegreen Golf and Eastwood sites) to 1.5 (the
Dargan site) for the standing snag importance méefiese results indicated that the Seawatch
Nautica site had the lowest density of saplingsibees (trees < 10 cm DBH) while the
Eastwood site only had sampling-sized trees, auitly the Bluegreen Golf and Eastwood sites
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only had the lowest density of large trees (tre@% em) while the Seawatch Nautica site had the
greatest. The Seawatch Nautica site was dominatgubid cypress that had buttressing bases,
which would have caused a greater value for thgd.diree Density Metric. The Bluegreen Golf

and Eastwood sites also had the lowest importaatigefor standing snags while the Dargan

site had the greatest indicating this site likedhhe best wildlife habitat in terms of nesting

cavities.

Metric score assignments of “0”, “3”, “7”, and “1GVere made according to the data results
distribution and are shown in Table 6.8-3. TabR4%shows the metric score assigned for the
eight individual metrics chosen for the Small Bagietland Plant IBI and the total IBI score.
The total Small Basin wetland Plant IBI scores ehffom 23 to 67 in the Coastal Plain and 3 to
50 in the Piedmont. The Sikka site was the lovepsility site with a score of 23 and the
Bluegreen Golf site was close behind with a scéZ7an the Coastal Plain. The Bluegreen Golf
site named for the fact that it is located in thedie of a Golf Course did appear to be a lower
guality site than the Sikka site which has had saeelective logging. It should be noted that
although only four modules were surveyed for tHeeBreen Golf site. The Mill Creek site,
which scored next lowest with 31, was surveyechamiddle of the site where the water levels
hinder shrub growth, however there was a ring ofitsh around the edge of this site. Therefore
the score for this site may have been higher ifesofithese shrubs were picked up in the survey.
Historically, the Mill Creek site was probably lcgymore recently then the other sites since the
pond cypress was not as mature as at sites likeeiega Bay and Seawatch Nautica. The
Seawatch Nautica, Martin-Amment, and Seawatch B#gs,swhich scored 67, 55, and 54
respectively, are high quality sites with matureet and a well developed shrub stratum. The
herbaceous layer is mostly non-existent at thews.sHowever, there were not any exotics
present. If wetland size were to be consideredSeeavatch Bay site would certainly have rated
highest. The Eastwood site, which was recentlyrated was not surprisingly the lowest scoring
site in the Piedmont and of all the Small Basinlarets with a score of 3. Another Piedmont site
(Goldston) was second lowest with a score of 1%s ihnot a high quality site either so the low
score was also not surprising. The Dargan sitetirdhighest Piedmont score of 50. The Dargan
site is a high quality site with an intact bufferdadiverse vegetation therefore a higher plant IBI
score is logical. Overall there were lower quadites in the Piedmont than in the Coastal Plain.
The differing scores between the Piedmont (avesagee of 25) and the Coastal Plain (average
score of 43) were also likely affected by the latknvasives in the Coastal Plain basins and
buttressing bases of cypress trees.
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Table 6.8-1 Small Basin Wetland Significant Correlation Results with Disturbance Measures

Disturbance Correlation /
Wetland Type Metric Measurement Spearman p p-value Analysis
Community Balance Metrics
Small Basin Wetland Simpson's Diversity Index ORAM Mean 0.5437 0.0839 Pearson’s Correlation
Small Basin Wetland Evenness ORAM Mean 0.5560 0.0757 Pearson’s Correlation
Floristic Quality Metrics
Small Basin Wetland Average C of C ORAM Mean 0.6125 0.0452 Pearson’s Correlation
Small Basin Wetland Average C of C ORAM Mean 0.6636 0.0260 Spearman's Rho Correlation
Small Basin Wetland Invasive Coverage ORAM Mean -0.5532 0.0775 Pearson’s Correlation
Small Basin Wetland Invasive Coverage ORAM Mean -0.4957 0.1210 Spearman's Rho Correlation
Small Basin Wetland Invasive Grass Coverage ORAM Mean -0.5663 0.0693 Pearson’s Correlation
Small Basin Wetland Invasive Grass Coverage ORAM Mean -0.5608 0.0727 Spearman's Rho Correlation
Small Basin Wetland Invasive Shrub Coverage ORAM Mean -0.7442 0.0086 Pearson’s Correlation
Small Basin Wetland Invasive Shrub Coverage ORAM Mean -0.6607 0.0269 Spearman's Rho Correlation
Small Basin Wetland FQAI Cover ORAM Mean 0.6125 0.0452 Pearson’s Correlation
Small Basin Wetland FQAI Cover ORAM Mean 0.5909 0.0556 Spearman's Rho Correlation
Wetness Characteristic Metrics
Small Basin Wetland Wetland Shrub Richness ORAM Mean 0.6609 0.0375 Pearson’s Correlation
Small Basin Wetland Wetland Shrub Richness ORAM Mean 0.7707 0.0055 Spearman's Rho Correlation
Community Structure Metrics
Small Basin Wetland Large Tree Density 100M LDI -0.5968 0.0526 Spearman's Rho Correlation
Small Basin Wetland Large Tree Density ORAM Mean 0.6469 0.0314 Spearman's Rho Correlation
Small Basin Wetland Large Tree Density 100M LDI -0.7461 0.0084 Pearson’s Correlation
Small Basin Wetland Large Tree Density ORAM Mean 0.7832 0.0044 Pearson’s Correlation
Small Basin Wetland Large Tree Density Watershed LDI -0.6186 0.0425 Pearson’s Correlation
Small Basin Wetland Sapling Density 100M LDI 0.5598 0.0733 Pearson’s Correlation
Small Basin Wetland Sapling Density 100M LDI 0.5182 0.1025 Spearman's Rho Correlation
Small Basin Wetland Sapling Density Watershed LDI 0.5336 0.0909 Pearson’s Correlation
Small Basin Wetland Standing Snag Importance 100M LDI -0.7338 0.0101 Pearson’s Correlation
Small Basin Wetland Standing Snag Importance ORAM Mean 0.6905 0.0187 Pearson’s Correlation
Small Basin Wetland Standing Snag Importance ORAM Mean 0.5194 0.1016 Spearman's Rho Correlation
Small Basin Wetland Standing Snag Importance Watershed LDI -0.6582 0.0277 Pearson’s Correlation

Bold Red = Probility < 0.05 and Bold Blue = Probility > 0.05 and < 0.10
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Table 6.8-2 Small Basin Wetland Plant Metric Results

Wetland Standing
. . FQAI Invasive Shrub Sapling Large Tree Snag
Region Site Evenness Cover Coverage Richness Density Density Importance

CP Bluegreen Golf 0.21 20.35 0.10 3.00 0.82 0.00 0.00
CP Martin-Amment 0.35 21.34 0.00 4.00 0.51 0.21 0.65
CP Mill Creek 0.26 19.30 0.00 4.00 0.92 0.01 0.16
CP Seawatch Bay 0.22 30.56 0.00 5.00 0.54 0.12 1.13
CP Seawatch Nautica 0.35 30.94 0.00 8.00 0.31 0.38 0.72
CP Sikka 0.15 14.41 1.88 5.00 0.95 0.04 0.23
PD Belton Creek 0.19 12.61 0.00 2.00 0.81 0.06 1.13
PD Dargan 0.17 17.80 0.00 3.00 0.47 0.31 1.45
PD Dean 0.18 14.18 2.67 2.00 0.84 0.13 0.20
PD Eastwood 0.08 7.72 2.01 0.00 1.00 0.00 0.00
PD Goldston 0.14 13.72 3.52 1.00 0.71 0.03 1.08

Table 6.8-3 Plant Metric Score Assignments for Small Basin wetlands

Metric 0 3 7 10
Evenness <0.10 <0.20 <0.30 >0.30
FQAI Cover <10 <15 <25 225
Invasive Coverage =3 <3 <2 <1
Wetland Shrub Cover <2 <4 <7 =7
Sapling Density =>0.90 <0.90 <0.60 <0.35
Large Tree Density <0.10 <0.20 <0.30 =0.30
Standing Snag Importance <0.20 <0.50 <1l 21
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Table 6.8-4 Plant IBI Score for Small Basin Wetland Sites

Wetland Standing
_ . Invasive Shrub Sapling Large Tree Snag
Region Site Evenness FQAI Cover Coverage Richness Density Density Importance Total
CP Bluegreen Golf 7 7 7 3 3 0 0 27
CP Martin-Amment 10 7 10 7 7 7 7 55
CP Mill Creek 7 7 10 7 0 0 0 31
CP Seawatch Bay 7 10 10 7 7 3 10 54
Seawatch
CP Nautica 10 10 10 10 10 10 7 67
CP Sikka 3 3 7 7 0 0 3 23
PD Belton Creek 3 3 10 3 3 0 10 32
PD Dargan 3 7 10 3 7 10 10 50
PD Dean 3 3 3 3 3 3 3 21
PD Eastwood 0 0 3 0 0 0 0 3
PD Goldston 3 3 0 0 3 0 10 19
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Section 7 - Wetland Type Comparisons and Final Cohasions
7.1 Wetland Type Comparisons

Physical, chemical and biological characteristitshe three different wetland types (Riverine
Swamp Forests, Bottomland Hardwood Forests, andl 8asin wetlands) are summarized and
compared in the following section. These char#ties of water quality and soils, along with
the hydrology of these wetland types will be exadinfirst followed by the biological
characteristics. Lastly, the NCWAM correlationgiwtihe Level I, Level 1l, and Level Il results
will be compared and contrasted among the threlamgetypes.

Water Quality

For water quality, samples were taken quarterlyath site. The water quality parameters
included chemical measures (nutrients and metatg) physical measures (pH, specific
conductivity, dissolved oxygen, and suspended splid-or the Riverine Swamp Forest, water
quality samples were statistically compared by tiocaof the water sample; up-river, down-
river, and in the buffer. It would be expectedtttiee quality of the water would improve (lower
levels of nutrients and metals) as it flowed dowen The buffer would be expected to have
lower levels as the water would flow from the bufte the wetland center. Generally these
results were confirmed for several of the waterligugparameters (ammonia, DO, DOC,
phosphorus, TKN, TOC, and zinc). These resultsvsthat Riverine Swamp Forest do improve
the water quality as it flows down river througke tystem. The Bottomland Hardwood Forests
also had water quality samples taken at upstreahdawnstream locations. The results indicate
that ammonia and NO2+NO3 are lower downstream a@diDhigher downstream which are
consistent with water quality improving as it floWswnstream. However, several parameters
actually increased downstream. Overall, the redoit the Bottomland Hardwood Forest were
not as significant as for the Riverine Swamp FaresWater samples were collected for six
Small Basin wetland in the Fishing Creek (Piedmara)ershed and six Small Basin wetlands in
the Lockwood Folly River watershed (Coastal Plaifihe water quality results were compared
between the Small Basin wetland in the two watetst{and different ecoregions). The results
showed that for most of the water quality paransetitre Coastal Plain wetlands had better water
quality than the Piedmont wetlands. The resultsygaring the Small Basin wetlands in the
different watersheds tend to indicate that the kwomdd Folly River wetlands had better water
quality. Whether that indicates that Small Basetlands have a better water quality function
than the Fishing Creek Small Basin wetlands iddaliff to conclude because the input into the
wetlands are not known. Even with the riverinelares, the Lockwood Folly Riverine Swamp
Forests appeared to improve water quality bettat the Bottomland Hardwood Forests at
Fishing Creek. The wetlands in the Lockwood F&lyer watershed are clearly different from
the wetlands in the Fishing Creek watershed. Qheraesult of note was that two Small Basin
wetlands (Eastwood and Goldston sites) in the RgsiCreek watershed had water quality
samples taken at a clearly defined outlet fromvileland. When the water quality parameters
were evaluated for the two different sample loc®jahe results suggest that the Eastwood site
is in fact improving water quality where the resufor the Goldston site are mixed at best.
Given that these are Small Basin wetlands, flowough the system is slow and probably
irregular. The slope at the Eastwood site wadtke Imore pronounced and obvious than at
Goldston, so this may be a factor in the results.
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Overall, Riverine Swamp Forests showed statisticatinificant improvements for several water

guality parametrs while the Bottomland Hardwoodests showed significant improvement, but

for far fewer paramenters. The Small Basin wettanad mixed results. These conclusions are
consistent with the regular flow through of wateithe Riverine Swamp Forest and with the less
frequent flow though in the Bottomland Hardwood é3ts. Small Basin wetlands, especially

those that are isolated from surface flow, gengrasive very small watersheds and therefore
have less significant surface water quality improeats than systems with larger watersheds.
Work has begun to examine the ground water conngctf these wetlands which may reveal a

significant water quality benefit though filtratiéa ground water.

Soil Characteristics

Soil samples were collected in the wetland anddineounding upland. Generally, the soil
texture of the Riverine Swamp Forests in the Loabav&olly watershed was primarily a muck,
often organic, but several sites had sandier sailhe deeper levels. The soil color of these
wetland soils was very dark. The soils at the RighCreek watershed in the Bottomland
Hardwood Forest were variable, but primarily sanldy loam or variants thereof. The soil was
typically moderately dark with extensive mottlingSoils for the Small Basin wetlands at
Lockwood Folly River watershed were very similart@xture with there often typically being a
muck presence with sandy loam being the typicaiutex The color was typically very dark.
The Fishing Creek Small Basin wetlands were diffeence Piedmont wetlands had no muck
and therefore the soil was typically not as dafke soil was primarily a clay loam with a silty
clay loam or silty loam being also common.

Comparisons were made between the upland sampteshanwetland samples for all three
wetland types. It would be expected that soil peters that were potential pollutants (such as
nutrients and metals) would be higher in the wetldran the surrounding upland, indicating the
wetlands are acting as a sink for the potentialupatts and that the wetlands have the
opportunity to filter the water and improve its dtya(lower levels of nutrients and metals in the
water). The results confirmed this assumptionesimany of the soil parameters (nutrients and
metals) had higher levels in the wetland samples ttihe upland samples for the Riverine
Swamp Forests, Bottomland Hardwood Forest, andStnall Basin wetlands. Comparisons
were also made between the Small Basin wetlanddegtwhe two watersheds. These results
comparing the soil parameters of the two watershatts the Small Basin wetlands show that
the Lockwood Folly River wetlands had fewer potahpollutants in the soil than the Fishing
Creek wetlands. This result is consistent withwlaer quality results which also showed that
the Lockwood Folly River Small Basin wetlands hadtér water quality than the Fishing Creek
Small Basin wetlands.

Hydrology

Hydrographs for the Riverine Swamp Forest in thekweood Folly River watershed showed no
seasonal variation except for the Doe Creek siteeaen that site did not exhibit a strong trend.
The Riverine Swamp Forests generally have veryistamd high water levels throughout the
year with trends being more daily that seasondle Doe Creek and Lockwood sites were tidal
and the Mercer Seawatch site had some tidal infleslso, but to a lesser degree. The
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Bottomland Hardwood Forests in the Fishing Creetevghed all had very similar hydrographs,
which is expected since they are in the same gepbysiographic area (and watershed) with
similar precipitation. It is also clear that Botitand Hardwood Forests are much more
influenced by precipitation and periodic overbamkl averland flooding than are the Riverine
Swamp Forests which had much more consistent watels. For the Small Basin wetlands at
the Lockwood Folly River watershed, the Mill Cregkgawatch Bay, and Sikka sites clearly
show the big drops in water levels when the drowghtted. For the Bluegreen Golf site, the
signs of drought were less obvious. This wetlaiydrology was flashy and is in the middle of
a golf course and residential development wherggation may have supplemented its
hydrology. The Martin-Amment site and Seawatch tidausites seem to show the drought
pattern, but has an interesting period with watgels being recorded during the spring of 2008
even during the drought. Small Basin wetlandshm Fishing Creek watershed showed some
seasonal pattern with higher levels in the winted also patterns due to precipitation. The
drought that affected the Small Basin wetlandsatklvood Folly did affect the Fishing Creek
Small Basin Wetlands, but the affect is not asrchal they tended to recover much better
possibly due to their more clayey soils (versus mhere sandy-muck soils). Overall, the
Riverine Swamp Forest wetlands were more conslgtémindated with much higher water
levels than either the Bottomland Hardwood Foreststhe Small Basin wetlands. The
Bottomland Hardwood Forests also had more consistetter levels than the Small Basin
wetlands. The Small Basin wetlands tend to vaeatly in their water levels and are more
influenced by climatic conditions like drought.

Amphibian Communities

The surveys for amphibians and vegetation showetktvas variability between the wetland
types and regions. The different regions of theestambined with the presence of predatory fish
in the wetter sections of the Riverine Swamp Fos#ést resulted in variation between the types
of amphibians that were present at each wetland. tdditionally, specific site characteristics
and stressors at the different sites likely inflcesh the types of amphibian species and the
guantity of each type that were observed duringstireey. Amphibian surveys resulted in the
observation of 14 species, primarily anurans (fragd toads), in the Coastal Plain Riverine
Swamp Forests while 12 species, four of which weoelela (salamander or newts) were found
in the Bottomland Hardwood Forests. Riverine Swé&mopest amphibians tended to be generalist
(e.g.Rana clamitan®r R. catesbeingthat could tolerate the presence of predatoty\iikile in

the Bottomland Hardwood Forests overland floodiather then regular overbank flooding
created pools of fish free water that allowed nemesitive species like the marbled salamander
(Ambystoma opacumo thrive. The higher Coastal Plain acidity levéh addition to regional
affects on the distribution of species may havesedisome of the differences between Coastal
Plain and Piedmont Small Basin amphibian specigailptions. There were 17 Small Basin
wetland Coastal Plain amphibian species and 13 |SAadin wetland Piedmont species, of
which seven of these species occurred in both msgidhe overall abundance was substantially
higher in the Piedmont (Small Basin Piedmont wetlabundance was 804, Bottomland
Hardwood Forest wetland abundance was 747, CoR&ial Small Basin wetland abundance
was 283 and Riverine Swamp Forest abundance wgse84@ though the species richness was
higher in the Coastal Plain. A larger portion i Piedmont abundance was also Urodela.
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Overall, the amphibian pattern that was observqueays to relate stongly to the presence or
absence of predatory fish, length of indundatiord acidity. Riverine Swamp Forests receive
regular overbank flooding from the adjacent streard it is very likely that predatory fish are
able to forage in these wetlands and they stroaffigct amphibian species distribution. In
contrast, Bottomland Hardwood Forests mostly rexaverland flow which concentrates in
small low lying areas in the floodplain which ardatively fish-free. Finally, the Riverine
Swamp Forest and Bottomland Hardwood Forest haverwdd levels closer to neutral than the
Small Basin wetlands which can make them more csimddor amphibian reproduction. Small
Basin wetlands often dry up in the summer (andldoger periods during droughts) and are
therefore fish-free. These systems often haver@ielevels which can affect amphibian usage.
Therefore, water pH also affects the pattern of ldbign use of these wetland types. Overall,
the Piedmont Small Basin and Bottomland Hardwootlands with seasonal flooding and more
neutral pH levels provided better habitat for arbpns then did the Riverine Swamp Forest and
Coastal Plain Small Basin wetlands. It is likelgttla less acidic open and grassy Coastal Plain
wetland would also provide decent habitat for arbam species.

Vegetation Communities

Similarly to amphibian communities, the differeegions of the state combined with wetland
type and site-specific stressors resulted in vanaih the wetland plant communities that were
surveyed. Coastal Plain Riverine Swamp Forests liiwerse herb strata with bald cypress
(Taxodium distichuin swamp tupeloNyssa biflord, and red mapleAcer rubrum dominating
the canopy and numerous forbs, ferns, and sedgpsciallyCarex in the herb layer. Piedmont
Bottomland Hardwood Forests, although less dividree riverine swamps forests, were forested
with American elm (JImus americang sweet guml{iquidambar styraciflug red maples, and
green ashHKraxinus pennsylvatiga Exotic invasives, Chinese privditigustrum sinengeand
Nepolese browntopMicrostegium viminiuth were most problematic in this wetland type.
Coastal Plain Lockwood Folly River Small Basin wetls were the least diverse of the wetland
types and were often composed of a canopy of pgpdess Taxodium ascendejjsa dense
ericaceous shrub layer, and a sparse herb layermbine diverse Piedmont Fishing Creek Small
Basin wetlands had canopies composed of sweet igadhmaple, willow oakQuercus phellgs
and black gumNyssa sylvaticawith high bush blueberry dominant in the shrupeltaand a
more pronounce herb layer then in the Coastal Pldiree of the Fishing Creek Piedmont Small
Basin Wetland sites had been partially or compjeketjged whereas all of the Coastal Plain
Lockwood Folly River Small Basin wetlands were atta

Overall, the Riverine Swamp Forests had the gredigsrsity in vegetation speices while the

Small Basin wetland in the Lockwood Folly River ehed had the least diversity. For the
Piedmont wetlands, the Bottomland Hardwood Foress: the second most diverse and the
Small Basin wetlands were less diverse. The |lalixagrsity for the Small Basin wetlands could

be attributed to longer periods of stagnant waner lsigher acididy. The Small Basin wetlands
in the Piedmont were more diverse than the Co&tah Small Basin wetlands and could be
partly attributed to the logging that has occuroedthree of the sites, thereby allowing newer
and successional species to invade. The greatersdiv of the Riverine Swamp Forests is

interesting in that they have relatively high wdearels year round, but flow does occur, keeping
the water replenished and less acidic.
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Indices of Biological Integrity

The variation between wetland type, both in termsegional location and the affects of river
flooding and specific site characteristics and ssioes, also resulted in different amphibian
metrics with significant correlation with Level LDI), Level 1l (ORAM) and Level Il
(intensive surveys for water quality and soils)ulisance measurements for the three different
wetland types. For the Riverine Swamp wetlands,ntle¢rics for amphibian species richness,
abundance, and percent Urodela (salamanders ants)nesre significant and used in the
Riverine Swamp Forest amphibian IBI. Riverine Swafopest amphibian IBI scores range from
seven to 23 for the seven sites. For BottomlandiWaod Forests, metrics for amphibian species
percent tolerance, percent sensitive, percent UspdeAl (Amphibian Quality Assessment
Index - a quality index that weighs amphibian ressnand abundance), and percent ephemeral
wetland-headwater wetland-seep (amphibian tax &gsdcwith fish-free environments) were
significant and used in the bottomland hardwood faman IBI. Bottomland Hardwood Forest
IBI scores ranged from three to 51. For Small Basgetlands, the amphibian metrics were
evaluated separately for the two regions. The teshiowed, although not as significant (but still
with p-values < 0.1), as with the riverine wetlanttgat species richness, percent tolerant and
percent Urodela were the best metrics for indicptietland quality in the Coastal Plain while
abundance and percent ephemeral wetland — headwetiend — seep were the best metrics for
indicating wetland quality in the Piedmont. Smalidth wetland amphibian IBI scores ranged
from seven to 23 in the Coastal Plain and 13 tm1iie Piedmont.

Different plant metrics correlated significantlytivithe disturbance measurements, (ORAM and
LDI), for the different types of wetlands. Agairs with amphibian metrics, the different plant
communities that are found in the different regi@ml wetland types in combination with
specific site stressors, likely caused these diffees. For Riverine Swamp Forests, plant metrics
for herb and shrub dominance, FAQWet equation Bi¢&ric that incorporates species wetness
and diversity) and wetland plant richness (humii@btigate and facultative wet species), Carex
richness, dicot cover, total herb richness, ane palber density (density of low quality timber)
were the best indicators for differentiating betwénwgh quality and low quality sites. Riverine
Swamp Forest plant IBI scores ranged from 12 toF®&r.Bottomland Hardwood Forests, plant
metrics for dominance, FAQWet cover (a metric tinabrporates species wetness and percent
cover), wetland shrub cover, bryophyte cover, Caretxness, sedge, grass, and rush richness,
native herb richness, and the importance of stghdinags were the best indicators for
differentiating between high quality and low qugalgites. Bottomland Hardwood Forest plant
IBI scores ranged from 29 to 55. Both regions wanalyzed together for the Small Basin
wetland IBI plant analysis, which found that the tnos for evenness, floristic quality
assessment index cover, invasive coverage, wesland richness, sapling density, and standing
stag importance were the best indicators of wetlqnality for Small Basin wetlands. Small
Basin wetland plant IBI scores ranged from 27 tar6the Coastal Plain and three to 50 in the
Piedmont.

For the amphibian metrics the Bottomland HardwoodeBt metrics had the best correlations
with Level I, Level Il, and Level Il disturbanceeasurements which resulted in 43 significant
correlations with the two statistical tests Peassgairwise correlations and Spearman’s Rho.
This resulted in the use of five of the seven cdaigdi metrics in the amphibian IBI. The
Piedmont Small Basin wetlands had the fewest aioels with the same disturbance
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measurements and analyses with 18 significant lediwas. This resulted in the use of only two
metrics in the amphibian IBI for Small Basin wetlarand very little range (13-17) between the
resulting scores. The Bottomland Hardwood Foresphabian metrics also correlated with
NCWAM while the other two wetland type amphibiantries did not, which will be discussed
further in the next section.

For the plant metrics, the Riverine Swamp analysesthe most significant correlations with the
Level | and Level Il disturbance measurements whedulted in 28 correlations with the two
statistical tests. However, the Small Basin wetlaodrelations were close behind with 26
significant correlations. These analyses resulidtie use of seven of the 40 candidate metrics
in the plant IBI for both Riverine Swamp Forestsl @mall Basin wetlands. Plant IBI scores
ranged from 12 to 67 for the Riverine Swamp Fopémt IBI and from three to 67 (27 to 67 in
the Coastal Plain and three to 50 in the Piedmtmt)the Small Basin Wetland IBI. The
Bottomland Hardwood Forest wetlands had the fewestelations with the same disturbance
measurements and analyses with 15 significant letioas. This resulted in the use of eight
metrics in the Bottomland Hardwood Forest plant IBbttomland Hardwood Forest plant IBI
ranged from 29 to 55. Both the Riverine Swamp Herasd especially the Small Basin wetlands
had a number of plant metrics and the plant IBtelate with NCWAM.

Overall, plant IBI's were more successful than argaim IBI's. The amphibian IBI's were most
successful for the Bottomland Hardwood Forestshay tend to provide the best habitat for
amphibians. This is most likely due to the moratra pH levels and the absence of predatory
fish that would be more likely in the Riverine Swarkorests. The Bottomland Hardwood
Forests also have more moderate and seasonallessés which allow amphibians to reproduce
and deposit their egg masses. The Small Basiramdsl| often suffer from higher acidic levels
especially in the Coastal Plain which are not canduto most amphibian species and their
water levels are more unpredictable and more ateby drought conditions which would make
it difficult for most amphibian species to bree@ihe plant IBI's were the most successful with
the Riverine Swamp Forests which also had the gsegilant diversity. The Small Basin
wetlands had the next most correlations and raesutglant IBI ranges from three to 67 (both
Coastal Plain and Piedmont together). While theddadand Hardwood Forests had the fewest
correlations, the plant IBI range was still good@he reason that the plant IBIs’s were more
successful that the amphibian IBI's was that th@labian populations were not very diverse in
the Riverine Swamp Forests and Small Basin wetlavidsh made it difficult to develop good
IBI's for amphibians.

The North Carolina Rapid Assessment Method - NCWAM

The NCWAM ratings were completed twice at eacthefgites. The differences between the two
ratings were minimal and indicate that NCWAM rasrgre not subject to observer error. The
overall NCWAM ratings for the Riverine Swamp Foreg&re high for six of the seven sites with
the Winding River Townhouse site getting a high s rating. The ORAM scores for the
Riverine Swamp Forests range from 55 to 80. The gites rating the lowest were the Rourk
site and the Winding River Townhouse site (thisngesomewhat consistent with NCWAM).
The Bottomland Hardwood Forests had three sitesgbeited high overall (the Fairport, Kim-
Brooks, and Munn sites), two sites were rated nmdiand one site was rated low (the Gray
site). The ORAM scores for the Bottomland Hardw&adest were generally high ranging from
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52 to just over 73. The site rated the lowest 60A®I was the Hancock site and it was rated
Medium overall on NCWAM. The Gray site was ratedvlon NCWAM and had the third
lowest ORAM score. The other site that was ratediom with NCWAM was the Powers site
and it had the second highest ORAM score. The ISB@ain wetlands at the Lockwood Folly
River watershed had five of the six sites ratedhlugerall and one site was rated medium overall
(the Bluegreen Golf site). The ORAM scores forsth&mall Basin wetlands range from 46 to
89. The Bluegreen Golf site was rated lowest orAMRvhich is consistent with NCWAM'’s
overall low rating. The Fishing Creek Small Basietlands had overall NCWAM scores of high
for four of the sites and medium for two sites (Hestwood and Hart sites). For ORAM scores,
the range was about 40 to 80 for these Small Basttands. The two sites that rated the lowest
were the Hart and Eastwood sites, and this is stergi with NCWAM'’s overall rating of
medium for these two sites.

Statistical correlations showed there was someelaiion between the two rapid assessment
methods which was variable based on wetland typevels as round (the first round of
assessment was at the beginning of the projectiob@r-November 2006 and the second round
was at the end of the project in November 2008) statistical method (see Tables 5.2.1-1,
5.3.1-1, and 6.2-1). For the Riverine Swamp Fdieexte was significant correlation between the
NCWAM overall score, hydrology, water quality, ahdbitat fuctions (habitat function had
correlation in round 1 only). For the Bottomland réi&ood Forest there was significant
correlation for the NCWAM overall score and waterality function (round 1 only) with the
ORAM site means (averaged score of assessors)! Bash Wetland NCWAM overall scores,
hydrology function, and habitat function correlatednificantly for both rounds and both
statistical tests with ORAM site mean scores.

The agreement between NCWAM and ORAM is varied gl should not be unexpected for
two reasons: (1) the small sample size with tkaltef little variation for NCWAM scores; and
(2) the two rapid assessment methods were develfgpedifferent purposes. NCWAM was
developed to determine the functional value of @lamel based on wetland type and uses an
ordinal scale with only three values (high, mediamg low). ORAM on the other hand, was
developed to assess wetland condition and usesneriwi(ordinal) scale with a much wider
range of scores (0-100), regardless of wetland.typberefore to expect a direct correlation
between the two rapid assessments may be unreahistvever some significant correlations did
occur. Future wetlands monitoring and assessmept®WQ will attempt to clarify the
relationship between the two rapid assessmentsdiueds, such as USA-RAM).

Correlations were also performed with the NCWAMmg$ and the Level | LDI data and Level
Il monitoring data (plant and amphibian metricsdalBls and water and soil quality site
parameter means) collected for each wetland tyfigere were no significant correlations with
the Level | LDI data for any wetland type howevemg of the Level Il data did correlate
significantly with the NCWAM ratings for each ofahvetland types (see Tables 5.2.1-1, 5.3.1-1,
and 6.2-1).

For the Riverine Swamp Forests, the NCWAM overatires and the three functions (habitat,
hydrology, and water quality) had statistically rsfgcant correlations with dicot cover. The
NCWAM Habitat function also correlated with the @dimber density metric significantly and
with the riverine plant IBI scores. There were weakrelations (0.15 > p-value > 0.10) with
NCWAM overall score, water quality and hydrologynétion and dicot cover and with the
NCWAM overall score and water quality and habitatdtions with dissolved oxygen.
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For Bottomland Hardwood Forests, correlations & NCWAM ratings resulted in additional
significant results, with three amphibian metritee amphibian IBIl, seven water quality
parameters and one soil quality parameter plus wesaielations with one plant metric and four
other water and soil quality parameters. The oV&@WAM score correlated significantly with
three amphibian metrics; percent tolerance, percasitive, and percent Urodela, the
Amphibian IBI and the water quality parametersléad, TSS and Zinc and the soil parameter
NO3--N. The habitat function correlated signifidgnivith amphibian species richness. The
NCWAM hydrology fuction correlated significantly thi amphibian species richness while the
NCWAM habitat function correlated with the amphibigpecies richness and the water quality
parameters copper, lead, TKN, TOC, TSS and Zifitie water quality function correlated with
the amphibian percent Urodela and percent sensitie&rics, the amphibian IBI, the water
qguality parameter’'s lead, TSS and zinc and the quglity parameters NO3--N. The weaker
correlations between the NCWAM overall score andiorctions occurred with the wetland
shrub cover metric, the water quality parametersfégal coliform and pH and soil quality
parameters for potassium and phosphorus.

For the Small Basin Wetlands there were significrtelations between the NCWAM ratings
and three plant metrics and the plant IBI plus akveorrelation with one other plant metric.
There were no correlations with any of the ampmibigetrics, the amphibian IBI, or any water
or soil quality parameters. The NCWAM overall scomrelated significantly with large tree
density, standing snag importance, and weakly \lig plant IBIl. The NCWAM habitat
function correlated significantly with large treersity, standing snag importance, the plant IBI
and weakley with sapling density. The hydrologydiimn also correlated with sapling density,
large tree density, and the plant IBI and weakléiy ithe FQAI metric. Small Basin Wetland
water quality function did not correlate with anf/the plant metrics or the plant IBI or other
results and the there were no other Level |, Léya@r Level Ill data results that correlated with
the Small Basin wetland NCWAM ratings.

Overall, correlations with the NCWAM results werariable by wetland type. The Bottomland
Hardwoods Forests had the most number of correstimith the NCWAM ratings primarily
with the Level Il ORAM scores and Level Il amplabi and water quality and soils data. The
Bottomland Hardwood Forest wetlands also have msageificant correlations with the water
quality parameters in the amphibian IBI developmprdcess then the other two types of
wetlands. The Riverine Swamp Forests had feweetairons and only with the Level Il plant
data, water quality dissolved oxygen, and LeveDRAM scores. The Small Basin Wetlands
also had fewer correlations with just the Levelglant data but strongly significant correlations
with the Level Il ORAM scores.

The correlations with NCWAM ratings and the LeMeldnd IIl results were significant for some
of the correlations and not at all for the Leveksults. It should be noted that these variable
results may be related to the small sample sizethedack of variability of the NCWAM
ratings. First, the sample size for each wetlayp twas small with seven Riverine Swamp
Forests, six Bottomland Hardwood Forests, and 1alISBasin wetlands were small. Secondly,
the ratings of the sites did not vary much as nabshe wetlands were rated high (18 sites or
72%) and only five sites were rated medium (28%) anly one site was rated low. The
functions of hydrology, water quality, and habitigd vary more than the overall score for most
of the wetland types. However, given these twadtétions, significant correlations across the
board with all of the NCWAM ratings and Level I, Bnd Il results were difficult to achieve.
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Therefore, it could be argued that any significantelations at all are in fact encouraging for an
initial/early evaluation of NCWAM with these wetldrtypes. A follow-up study on Coastal
Plain Small Basin wetlands will address both ofsthémitations and provide a larger sample
size to calibrate NCWAM for this wetland type.

Headwater Forest Wetland Comparison

The previous wetlands monitoring project (CD 9742a) focused on monitoring 23 Headwater
Forest wetland sites in the Piedmont and the CoR&#n. Some general comparisons can be
made between wetland types in this current studghéoHeadwater Forested wetlands in the
previous study. There are a few minor differengsesveen the Level Ill measurements in the
two studies, such as the placement of water quatdsions and hydrology monitoring wells;
however these differences still allow for some gaheomparisons to be made. In terms of
water quality, Headwater wetlands successfully cedaotential pollutants as water flows from
the wetland to downstream channels, which is smhil&Riverine Swamp Forests. Both Riverine
Swamp Forests and Headwater wetlands successéaliyced many of the nutrient pollutants as
water flowed though the wetland from upstream tovrkiream. In terms of reducing metals
however, the Headwater Forested wetlands reduce®@ types of metals than did Riverine
Swamp Forests. The difference between the systethsit for Headwater wetlands, the water
flow is from the wetland to the stream channel aifth the Riverine Swamp Forest, the water
flow is through the wetland, from upstream to dotsem. Headwater wetlands reduced
potential pollutants better than Bottomland Harddideorests and Small Basin wetlands.
Headwater Forest wetland soil is saturated sedgosahilar to Bottomland Hardwood Forests.
However, the ground water hydrology was very ddfgrin this study. Headwater wetlands have
ground water within one foot of the surface 73%tloé time while Bottomland Hardwood
Forests have ground water within one foot of thdase 28% of the time. The hydrology of
Riverine Swamp Forests were within one foot ofghgace about 90% of the time while Small
Basin wetlands were more varied with the Piedman&lEBasin wetlands recording water levels
within one foot of the surface about 52% of theetiand Coastal Plain Small Basin wetlands
recording water levels within one foot of the suda2% of the time. It should be noted that
these results may have been different if the twaliss had been done during the same year.
Precipitation levels were more normal for the Heamhw wetland study while drought
conditions, especially in the Coastal Plain, exista the Riverine Swamp Forest, Bottomland
Hardwood Forest, and Small Basin wetland study.e $bils of Headwater wetlands were
primarily mineral in the Piedmont but more variedthe Coastal Plain where the soil tended to
be more of a mixture of organic and mineral. Thiéssaf Headwater wetlands are more similar
to Bottomland Hardwood Forest, and less similaRieerine Swamp Forests and Small Basin
wetlands.

The comparison of Headwater wetlands amphibian canities to Riverine Swamp Forests,

Bottomland Hardwood Forests, and Small Basin wdtlamphibian communities resulted in

similarities and differences that were likely cadigmth by region and wetland physiography.
Diversity was highest in the Headwater wetlandssitéh 17 species in the Coastal Plain and 19
in the Piedmont. In the Coastal Plain, there idr@amphibian species identified in the Riverine
Swamps and 17 in the Small Basin wetlands whilehe Piedmont there were 12 species
identified in both the Bottomland Hardwood Forestl &mall Basin wetlands. There was lower
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diversity in this study as compared to the headwatetland study but abundance was
comparable or greater and only half as many siteie vassessed. Similarly to the Headwater
wetland study, the amphibian survey resulted irhéigevels of abundance in the Piedmont
wetlands then in the Coastal Plain wetlands. Thmdance of Coastal Plain Headwater wetlands
was 123 while the abundance of Piedmont Headwatdiamds was 883. In the Coastal Plain,
Riverine Swamp Forest abundance was 340 and SraaihBvetland swamp forest abundance
was 283 while in the Piedmont, Bottomland Hardwéadest abundance was 747 and Small
Basin wetland abundance was 804. Amphibian spasigsciated with fish free environments or
EW-HW-Seep species (see Section 4.4.2) were fouradl four wetland types but diversity was
slightly higher in the Piedmont (six - Piedmont Heater wetland species, five Bottomland
Hardwood Forest species, and three Small Basirangtpecies) then in the Coastal Plain (five
Headwater wetland species, three Riverine Swamgi&peand two Small Basin wetland
Species). A few EW-HW-Seep individuaBgsmognanthus auriculatus, Pseudocris ocularis,
and Hyla chrysosceliswere found or heard in the buffer areas of theeRne Swamp Forest
sites; however the abundance was higher in thet@lo@kin Small Basin wetlands (21 in the
Riverine Swamp Forest sites and 41 in the SmalirBagtland sites). The EW-HW-Seep
abundance was six in the Coastal Plain Headwatdamnds, 39 in the Piedmont Headwater
wetlands, 185 in the Piedmont Small Basin wetlaadd 135 in the Piedmont Bottomland
Hardwood wetlands. The lower acidity levels in fBeastal Plain Small Basin wetlands and
presence of fish within much of the Riverine Swahguest assessment areas likely caused the
lower abundance of HW-EW-Seep amphibians at th#es. st should also be noted that the
assessment area of the Headwater wetlands wasafjgsanaller then the assessment area of the
sites in this study and a 10 minute auditory ngliivey was conducted in this study but not the
Headwater wetland study.

The similarities and differences of the vegetatbrCoastal Plain Riverine Swamp Forests and
Small Basin wetlands and Piedmont Bottomland HamtivBorests and Small Basin wetland
Forests were caused both by region and specifferdiices between wetland types. Coastal
Plain Small Basin and Headwater wetlands both hdenser presence of shrubs then Piedmont
Small Basin and Headwater wetlands however theree vBeme species differences. Pond
cypress trees were common in the Coastal Plainl$aaln wetlands but not the Coastal Plain
Headwater wetlands. Bald cypress also occurretiénCoastal Plain Riverine Swamps and not
the Coastal Plain Headwater wetlands. Other cat@®s such as red maple, American elm,
sweet gum, and green ash were found in all foulawéttypes. Herbaceous flora species such as
lizard tail, Carex and various species of ferns were prevalentliwetland types but the Coastal
Plain Small Basin wetlands. The exotic invasive néke privet was more prevalent in the
Coastal Plain Headwater wetlands then in the Piedideadwater wetlands; however it did not
occur in any of the Coastal Plain Small Basin wettaand was very sporadic within the
Riverine Swamp Forest sites. This may have beergionmal difference in the study as
Headwater wetlands were assessed in eight Codsial ¢dunties and Small Basin wetlands
were only assessed in one outer Coastal Plain @oufitere were eight 10m x 10m modules
surveyed in both studies, however the survey desighis study was a 2 x 4 array of adjacent
modules located in the middle of the wetland whiléhe Headwater wetland study the design
was a 2 x 3 array of modules located upstreamamigtland and then a 2 x 1 array of modules
located 20m downstream. There also tended to be oq@and plants in the headwater wetland
study.
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Section 7.2 Final Conclusions

North Carolina continues to be impacted by wateatsthevelopment. Urbanization, agriculture
and silviculture have altered the quality of storamtev runoff that flows into wetlands and
impacts surrounding upland buffers and wildlife rabors. Wetlands can act as a natural
filtering system for water quality by removing, tmihg, or transforming pollutants. These
wetlands also reduce downstream erosion by retisiormwater runoff and releasing it more
slowly after a heavy rain. Wetlands provide impottdabitat for macroinvertebrates and
amphibians, both of which are sensitive to stressortheir environment such as impacts to
water quality and wetland habitat, and deforestatmf the surrounding upland buffer.
Maintaining the ecological integrity of these watlasystems is necessary not only to protect
wildlife habitat but also to protect the water duyabf the entire downstream watershed.

This study has provided a better understandinghefduality and function of three types of
wetlands - Riverine Swamp Forest, Bottomland Hativeorest, and Small Basin wetlands -
within the Lockwood Folly River (Coastal Plain) akRshing Creek (Piedmont) watersheds. The
intensive Level IIl monitoring results have showbdse types of wetlands are diverse systems
comprised of a variety of vegetation in each steatd provide habitat for numerous amphibians.
Additionally, the Riverine Swamp Forests and t@ssér degree Bottomland Hardwood Forests
can improve water quality by lowering the levelsmoftrients and metals. The nutrients and
metals in the soils are lower in the uplands inghicathat these wetlands act as a sink for these
potential pollutants. The development of IBI's wasgely successful, especially for the plant
data.

Future research will address several issues. Wviob EPA grant to determine the possible
ground water connectivity of isolated wetlands wibncentrate on Small Basin wetlands. It is
intended to have an equal number of Small Basihawes$ that rate high, medium, and low on
the overall NCWAM score and to collect Level Ill mtwring data. These new Small Basin
wetlands will provide a balanced sample from whzlealibrate NCWAM for this wetland type.
The sample size will still be small, so it can lmebined with the data in this study to increase
the sample size. Another followup EPA grant is iatensification study for the National
Wetlands Condition Assessment (NCWA) being corrdidaby the EPA. This grant will work
with Alabama and South Carolina to perform Levéintbnitoring of 20 wetlands in each state,
with half being in the Piedmont and half in the 6tah Plain. The type of wetlands will be
determined by the sample draw being done by the, BRAIt is expected that many if not most
will be riverine wetlands (such as Riverine Swangpests and Bottomland Hardwood Forests)
and this can provide a larger sample size when gwdbwith the riverine wetlands from the
current study. Also, the use of the USA-RAM onsthevetlands for the NCWA will provide an
opportunity to compare the national rapid assessméh results from NCWAM and ORAM.
Another effort to calibrate NCWAM is with headwateetlands where a reasonable number of
headwater wetlands (N=32) have Level Ill monitordega and with at least six in each category
of NCWAM overall scores. Furthermore, data fronthbof these grants will continue to build
the the wetlands monitoring data collected in N&@#rolina and the additional data will help to
further develop IBI's. Finally, eight of the sitdeom this study will be continued to be
monitored on a long term basis. The eight sitest@o Riverine Swamp Forests and two Small
Basin wetlands in the Lockwood Folly River wateidlamd two Bottomland Hardwood Forests
and two Small Basin wetlands in the Fishing Cregtenshed. Level Il monitoring data will

223



continue to be collected on these six sites andesomthe differences between the two
ecoregions will continue to be evaluated.
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