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(1.0) Introduction

Current North Carolina Division Biological Assessment Unit (BAU) Standard Operating
Procedures (SOPs; NCDWQ 2006) prohibit the assignment of bioclassifications (i.e.,
Excellent, Good, Good-Fair, Fair, or Poor) to perennial streams with drainage areas less than 3
mi®. This deficiency stems from the fact that current bioclassification thresholds are
predominately based on data obtained from streams with drainage areas greater than 3.0 mi’
(Lenat 1993). The only instance in which a stream with a drainage area equal to or less than 3.0
mi” can receive a bioclassification pertains to Small High Quality Mountain Streams (SHQMS)
which (after correction factors are applied) can receive one of the five tiered hierarchal
bioclassifications (i.e., Poor, Fair, Good-Fair, Good, or Excellent; NCDWQ 2006). Other than
this exception, current benthic criteria (NCDWQ 2006) limits the assignment of these
bioclassifications to perennial streams with drainage areas equal to or less than 3.0 mi” as only
Not Rated or Not Impaired (NCDWQ 2006).

However, in the last several years, as a result of increased sampling requests associated with
the Ecosystem Enhancement Program (EEP), Total Maximum Daily Load (TMDL) studies,
Outstanding Resource Waters (ORW)/High Quality Waters (HQW) reclassification studies,
and NCDWQ Regional Office requests (e.g., enforcement actions), the Biological Assessment
Unit (BAU) has been more frequently tasked with sampling streams with drainage areas equal
to or less than 3.0 mi®. The inability to assign one of the five bioclassifications to these small
streams can in certain instances decrease the usefulness of this data to end-point users. For
example, a Not Impaired rating would not be (in most instances) a sufficient bioclassification
for a reclassification of a waterbody to HQW or ORW.

Aside from these important practical management applications associated with this resource,
its has been estimated that for a given drainage network small streams (i.e., 1%, and 2™ order)
can comprise up to 95% of the total stream channels present (Leopold 1956, Leopold et al.
1964) and 70-80% of total stream length (Leopold 1956, Leopold et al. 1964, Rheinhardt et al.
1999, 2005). Moreover, a recent report published by American Rivers
(www.americanrivers.org/site/DocServer/Stream_Miles Table FINAL 2 .pdf?docID=4081) ranks
North Carolina first among all 50 states in terms of total stream miles (242,691), first in terms
of total perennial stream miles (123,772), and fourth in terms of total non-perennial stream
miles (118,918). Additional work has shown that small first order headwater streams can



SMALL STREAMS BIOCRITERIA DEVELOPMENT
May 29", 2009

NORTH CAROLINA DEPARTMENT OF ENVIRONMENT AND NATURAL
RESOURCES
DIVISION OF WATER QUALITY
ENVIRONMENTAL SCIENCES SECTION

THIS REPORT HAS BEEN APPROVED FOR RELEASE:

Jimmie Overton
Chief, Environmental Sciences Section

DATE:




May 29, 2009

MEMORANDUM

TO: Jimmie Overton

THROUGH: Trish MacPherson

FROM: Eric Fleek

SUBJECT: Benthic Biocriteria for the Small Streams of thertidCarolina Mountains and
Piedmont: Small Streams Study (2005-2007).

(1.0) Introduction

Current North Carolina Division Biological Assessménit (BAU) Standard Operating
Procedures (SOPs; NCDWQ 2006) prohibit the assighwiebioclassifications (i.e.,

Excellent, Good, Good-Fair, Fair, or Poor) to parahstreams with drainage areas less than 3
mi2. This deficiency stems from the fact that curteintlassification thresholds are
predominately based on data obtained from streaithsdrainage areas greater than 3.6 mi
(Lenat 1993). The only instance in which a streath @ drainage area equal to or less than 3.0
mi? can receive a bioclassification pertains to Stdajh Quality Mountain Streams (SHQMS)
which (after correction factors are applied) caseree one of the five tiered hierarchal
bioclassifications (i.e., Poor, Fair, Good-Fair,d@por Excellent; NCDWQ 2006). Other than
this exception, current benthic criteria (NCDWQ gp0imits the assignment of these
bioclassifications to perennial streams with drgsareas equal to or less than 3.0 asionly

Not Rated or Not Impaired (NCDWQ 2006).

However, in the last several years, as a resuftaofased sampling requests associated with
the Ecosystem Enhancement Program (EEP), Totalrivlaxi Daily Load (TMDL) studies,
Outstanding Resource Waters (ORW)/High Quality WsafelQW) reclassification studies,
and NCDWQ Regional Office requests (e.g., enforadraetions), the Biological Assessment
Unit (BAU) has been more frequently tasked with glng streams with drainage areas equal
to or less than 3.0 MiThe inability to assign one of the five biocldissitions to these smalll
streams can in certain instances decrease thenssgof this data to end-point users. For
example, a Not Impaired rating would not be (in tostances) a sufficient bioclassification
for a reclassification of a waterbody to HQW or ORW

Aside from these important practical managemenliggipns associated with this resource,
its has been estimated that for a given drainatyeank small streams (i.e.*%and 2° order)
can comprise up to 95% of the total stream charprelsent (Leopold 1956, Leopold et al.
1964) and 70-80% of total stream length (Leopol86l9.eopold et al. 1964, Rheinhardt et al.
1999, 2005). Moreover, a recent report publishedimgrican Rivers
(www.americanrivers.org/site/DocServer/Stream_Milexble FINAL__ 2 .pdf?docID=408Ypnks
North Carolina first among all 50 states in terrhtotal stream miles (242,691), first in terms
of total perennial stream miles (123,772), andttour terms of total non-perennial stream
miles (118,918)Additional work has shown that small first order headwatezastrs can



® Small Stream Study Stes

Level ll Ecoregion

Outer Coastal Plain
- Inner Coastal Plain
[ sandhits:

- Figdmaont

- Mourtains

Figure 1. Small Streams Study Sites: Level Il Ecaggions (2005-2007).

]
s




@ Small Stream Study Sites

I smphibolite Mourtains

i - Aflartic Southern Loam Flains
- Broad Bazins

_ CarolinaFlatwoods

i Carolina Slate Bekt

- Caralinian Barrier Islands and Coastal Marshes
Cheszapeake- Pamlizo Lowlands and Tidal Marshes

- Eaztern Blue Ridge Foothils

- High Mountains

- Kings Mountain

I ti¢ Atlantic Flatueods
- hid Atlantic Floodplairne and Low Terraces

Wirginian Barmier Izlands and Coastal Marshes

der A WEITED
F) [ ¥
F "

tanklin

- Hew River Flateau

- Hortherm Inner Piedmont
Horthern Outer Piedmont

- Rolling Coastal Flain o
[ sand Hils ; i

i )
Sauratown Mountains fufle =

Southeastern Floodplains and Low Terr aces
- Southern Crystalline Ridges and Mountains
- Southern Inner Piedmont
- Southemn Metasedimentany Mourtains
Southern Outer Piedmaont

- Southern Sedimentany Ridges
- Swamps and Peatlands

- Triassic Bazins

Figure 2. Small Stream Study Sites: Level IV Ecoregns (2005-2007).



contribute up to 70% of the mean-annual water velamd 65% of the nitrogen removal to
second order streams and 55% of the mean-annuat watime and 40% nitrogen removal to
third and higher ordered waterbodies (Alexanded.€2007) and disproportionately affect
water quality in downstream rivers and estuarieg@@n 1993) since disturbed headwater
reaches are in closest contact with sources ofpoam-pollution (Rheinhardt et al. 1999,
2005). Indeed, non-point source pollution is thgaméactor affecting poor water quality in
most streams and rivers in the agricultural landsaz the southeastern U.S. Coastal Plain
(Lowrance et al. 1997). In addition, small streatimsctly, and positively influence the
biodiversity of larger river systems by acting agamic matter sources (Wipfli et al. 2007) as
well as diversity sources through mechanisms sagir@viding unique habitat niches,
providing refuge from extremes in both water terapae and discharge, and by providing
refugia from competitors, predators, and exoticgse(Meyer et al. 2007). The
disproportionate influences that small headwateasts exert on a watershed in total
magnifies the importance for the need of developiogriteria whereby these small streams
can be assigned water quality bioclassifications fimproving their management potential.

A total of 122 small streams in 25 counties, spagight river basins, two level 11|
ecoregions (Figure 1) and nine Level IV ecoregi@nigure 2; Griffith et al. 2002) were
sampled between April, May, and June of 2005, 2@66,2007 and initially included three
coarse-scaled, land use-derived disturbance cld$deference” sites, “Severe Impact” sites
and “Intermediate Impact” sites (sensu Whittieale2007). These coarse-scaled disturbance
classes were then subsequently subdivided (agasedoon landuse data) into five, fine-scaled
disturbance classes (i.e., “Developed”, “Mostly Bleyped”, “Mixed”, “Mostly Forest”,

“Forest”; sensu Bryce et al. 1999, Rheinhardt e2@07). This known landuse, impact/test-
reference/control based study design has beenywdeld for both deriving benthic
macroinvertebrate biocriteria (Karr et al., 198&ig¥erg et al. 1997, sensu Eaton 2001,
Weigel 2002) as well as for measuring the respohse/ertebrate communities to known
disturbance gradients (Bryce et al. 1999, Cuffrieal.€2000, Tate et al. 2005, Herbst and
Silldorff 2006, Kratzer et al., 2006, Smith and L@a&007, Carlisle et al. 2008). The analysis of
this dataset was used to establish a five-tiereddssification threshold hierarchy for streams
with drainage areas less than or equal to 3.0mioth the Mountain and Piedmont level I
ecoregions of North Carolina (Griffith et al. 2002)

(2.0) Methods: Site Selection

“Severe Impact” Site Selection.

Severampact disturbance class sites from both the Moaorgad Piedmont level 111
ecoregions were selected a priori and were targeteards watersheds known to be
influenced by several anthropogenic stressors (eyfet al. 2000, sensu Eaton 2001, Carlisle
et al. 2008). GIS-landuse analysis (2001 Natiorald_Cover Data; NLCD) was conducted
using ArcGIS 9.2 (Spatial Analyst—Zonal Statisfie®ls) to confirm the validity and
accuracy of these selections (Bryce et al. 199¥%n€u et al. 2000, Maloney et al. 2002,
Weigel 2002, Tate et al. 2005, Kratzer et al. 2&6jth and Lamp 2007, Carlisle et al. 2008).
The study sites for the severe impact dataset sadeeted from catchments composed
primarily of a high percentage of impervious sueféice., urban—expressed as percent
developed for this study), or from catchments witimoderate amount of impervious surface



(i.e., suburban), or a combination of the two. ddition, some severe impact sites from both
the Piedmont and Mountains included catchments osethof some much smaller
percentages of agricultural, pasture/grass, arasféand cover (Figure 3). For the Mountain
severe impact sites, percent developed and peaigeiculture exceeded suggested minimum
thresholds (greater than 25% urban, and less tB#na@riculture) previously established for
urbanized Appalachian streams (Bryce et al., 1828lisle et. al. 2008) and Piedmont severe
impact sites also met these criteria.

“Intermediate Impact” Site Selection.

Intermediatampact disturbance class sites from both the Manstand Piedmont level I
ecoregions were selected a priori and were tardgeteards watersheds known to be
influenced to varying degrees by anthropogenio/agt{Cuffney et al. 2000, Weigel 2002,

Tate et al. 2005, Kratzer et al. 2006, Smith anchh.2007, Carlisle et al. 2008). GIS-landuse
analysis (2001 National Land Cover Data; NLCD) wasducted using ArcGIS 9.2 (Spatial
Analyst—Zonal Statistics Tools) to confirm the daly and accuracy of these selections
(Cuffney et al. 2000, Maloney et al. 2002, TataleR005, Carlisle et al. 2008). Intermediate
impact sites from both the Mountains and Piedmareveelected from catchments comprised
of a mix of agriculture and forest with slightlysker amounts of percent developed use (Figure
3). Based on 2001 landuse data, the a priori sefeptocess for the Mountain sites resulted in
a suite of locations that, if percent agricultunel percent grass/pasture are combined, were
comparable to the minimum thresholds (greater @86 urban, greater than 33% agriculture;

Figure 3) established for “mixed” impact Appalach&reams (Bryce et al. 1999, Carlisle et al.
2008), and the intermediate impact sites for theiMains roughly fell between values for
severe impact and reference Mountain sites (FiggixeSonversely, the Piedmont study sites
had a greater proportion of (combined) agricultarad grass/pasture with slightly lesser
amounts of developed landuse present relativeetd/libuntain sites (Figure 3) but were still
approximately comparable to the thresholds sugdédsteCarlisle et al. 2008.

“Reference” Site Selection.

Reference sites from both the Mountains and Piediheggrl 11l ecoregions were selected a
priori and were targeted from catchments knownetdéalbgely protected from most sources of
anthropogenic activity (Cuffney et al. 2001, Tatale2005). GIS-landuse analysis (2001
National Land Cover Data; NLCD) was conducted ugingGIS 9.2 (Spatial Analyst—Zonal
Statistics Tools) to confirm the validity and acaty of these selections (Cuffney et al. 2000,
Maloney et al. 2002, Tate et al. 2005, Kratzed.e2@06, Smith and Lamp 2007, Carlisle et al.
2008). Reference sites from both the MountainsRirdmont were selected from catchments
that were almost entirely protected. These sitelsided watersheds contained within State
Parks, National Forests, State Forests, State Ganus, and protected lands associated with
Fort Bragg. Sites that did not have catchmentsatoad within protected natural areas were
selected on the basis of a predominately forestezhment, the presence of no more than a
total of two road crossings in the catchment (sétetost and Silldorff, 2006, Whittier et al.
2007) and the presence of no more than two man-faagteponds in the watershed. Based on
2001 land uses data, reference sites from the Mmstvere overwhelmingly composed of
forest/wetland landuse with only very minute cdmitions from developed, agriculture, and
grass/pasture practices (Figure 3). Moreover, thites were well under the percent developed
(less than 5%) and percent agriculture (less ti@da)3hresholds established by Carlisle et al.,



Disturbance Class: Coarse-scale

2008 for reference sites n the Appalachians anglékeeeded the 80%-90% forest minima
established as optimum for benthic macroinvertebcatnmunities (Black and Munn, 2004).
Likewise, the 2001 Piedmont reference landuse (@fadmre 3) were also overwhelmingly
composed of forest/wetland and also met relevaigria for reference stream selection (Bryce
et al. 1999, Black and Munn 2004, Carlisle et @08). However, the Piedmont reference sites
had more grass/pasture and agricultural uses fidathel Mountain data. The slightly higher
percentages of grass/pasture and agriculture iRigtimont were the result of less area
protected by National Forests (relative to the Maumdataset) to select sites from.

Figure 3. Average Percent Landuse Comparisons Mouain (A) and Piedmont (B)
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(3.0) Methods: Sampling

Although the BAU can obtain a benthic macroinveraéd sample at anytime of year,
collections are generally concentrated during tvapamsampling windows. The first of these
sampling windows (June-September) is typically mes@ for basinwide sampling and
sampling of streams greater than 3.6imdrainage area (NCDWQ 2006). The second major
window is reserved for swamp sampling, which isdiarted in February and March
(NCDWQ, 2006). The winter sampling window is utd for swamp streams as these
waterbodies typically have no (or very little) fladring large portions of the year (NCDWQ
unpublished data). In general, this low/no flowipérusually occurs during the late spring and
extends through summer when evapotranspirationiis emaximum. Typically, flows return to
these waterbodies in mid to late fall as evapop@ason declines. Sampling during late
winter and early spring, at times of maximum bametlischarge, has been demonstrated to
provide the best opportunity for detecting anthiggroc effects on invertebrate communities in
these systems (NCDWQ 2006). Sampling these syslenrsy the February-March window
also offers the advantage over the summer samgpiimgow in that confounding influences
due to low dissolved oxygen, low pH, high water pemature, and decreased habitat
availability due to naturally induced lower sumrfiews are avoided during the winter
months. This is an important point as avoiding ocanfling effects associated with natural
environmental gradients improves both the accuaacyprecision of biological assessments
(Carlisle et al. 2008) and is an additional argunfiensampling small streams (particularly
those in the level lll Piedmont and level IV Sl&elt; Figure 2) during times of higher
discharge (i.e., April and May) in an effort to igéte the previously detailed confounding
effects associated with swamps (i.e., lower dissblxygen, higher water temperature, and
decreased habitat availability due to lowered sunftows) but also occasionally present in
small streams. Indeed, most slate belt streamsaangled by BAU biologists during March-
April for this reason.

Therefore, the proposed sampling window for sntedlasns is April, May, and June. This
window is proposed for two reasons, one logistaral one for the aforementioned ecological
reasons associated with confounding effects anditnbyritical to avoid them (Carlisle et al.
2008). Logistically, the April-June timeframe fligetween winter swamp sampling and mid-
late summer (July-September) basinwide samplingehreral, personnel and property assets
are substantially committed to intense field sangptluring these two traditional sampling
windows and accommodating additional sampling ialsstreams during these two major
windows would prove problematic. This is partictygosronounced during the mid-late
summer sampling period as that is when the majofi/AU’s benthic samples are collected.
Sampling small streams in April, May, and June dsdhis conflict.

Future work should include repeat sampling durirey®h from streams used in this research
in an effort to extend the small streams samplingdaw. If March repeat sampling among a
subset of sites used in this study is comparabkgtd, May, and June data, the sampling
window could be extended (See Section 13.0). Tlslavbe logistically feasible as the vast
majority of swamp sampling is traditionally com@étby the end of February. In addition, re-
sampling a larger subset of the streams usedsrsthdy during the month of June may also be
useful in an effort to further extend the smalkatns sampling window towards summer.
However, extending the sampling window further itite summer (e.g., July-August) would



likely increase the chances of naturally occurgngfounding effects (particularly in the Level
[l Piedmont, and most notably in the level IV &l&elt Ecoregions (NCDWQ unpublished
data, Griffith et al. 2002; Figure 2). Preliminatgta suggests little to no seasonal effect
between April, May, and June samples. HoweverJtime sample size is low and needs
augmentation to make certain this is a valid tfemdhis month (See Section 11.0 for a
discussion of seasonal effects).

(4.0) Methods: Collection and Analysis

The BAU currently maintains five sampling methodsthe collection of benthic
macroinvertebrates in North Carolina: Swamp Mettradl-Scale Qualitative (i.e., “Full-
Scale”), EPT (Ephemeroptera, Plecoptera, Trichapt®&oat, and the Qual-4 (NCDWQ 2006).
The Swamp and Boat collection methodologies areapptopriate for small streams. This left
the Qual-4, EPT, and “Full-Scale” as potential neeihfor sampling these systems. Given the
small size and sometimes limited habitat assocwatttdsmall streams, the “Full-Scale”
collection method was rejected since this collectitethod requires three separate “bank
sweeps” and two separate “riffle kicks”. During yiceis work in small streams, BAU staff has
often found it difficult to obtain a complete sampising “Full-Scale” collection methodology
due to a lack of habitat quantity. This leavesBERE and the Qual-4 collection methodologies.
In general, the EPT collection is typically resehfer streams that are greater than 3.8 o
which may be habitat limited, or for sites that éaw, or only low to moderate levels of
anthropogenic or other physio-chemical stressesrapdcts since the EPT orders are
generally the least tolerant to both pollution @hgsical stress (Crawford and Lenat 1989,
Plafkin et al. 1989, Lenat 1993, Kerans and Ka84INCDWQ 2006). However, small
streams by their very nature are intrinsically msusceptible to both natural and
anthropogenic stresses (i.e., low summer flowgndlitnited habitat, less volumetric dilution
to possible pollutants, etc.), and therefore treeafghe EPT method in these systems may not
provide enough information (i.e., EPT taxa) to ma&asistently accurate comparisons
between sites (NCDWQ unpublished data, Lenat IR€DWQ 2006). This can be a
particularly intractable problem when comparing@sivith severe to moderate levels of
anthropogenic and/or natural stressors (NCDWQ 2@B&/en these limitations, the Qual-4
method was selected for the collection of benthécinvertebrates for small stream
bioassessment. The Qual-4 has a further advantesyele “Full-Scale” for small streams in
that only one “sweep”, one “riffle kick” (plus oneaf pack and three replicates of visuals,
NCDWQ 2006) is required and the Qual-4 also hasdwantage over the EPT collection
method in that all of the taxa collected are regdirRetaining more taxa, including many
orders of facultative and pollution tolerant taalbgws for a more complete comparison
between sites with severe to moderate stressord+Habtiral and anthropogenic (NCDWQ
unpublished data, Eaton and Lenat 1991, NCDWQ 2006)

Regardless of sampling technique, there are fivemignthic macroinvertebrate (BMI)
community metrics that the BAU can employ in thalgsis of lotic systems: Total Taxa
Richness (S), EPT Taxa Richness (EPTS), EPT Abwed@PTN), Biotic Index (BI),
and EPTBI (NCDWQ 2006). EPT taxa richness (EPTSsed with NCDWQ biocriteria
to assign water quality ratings (i.e., one of tlwe-tiered bioclassifications, Eaton and
Lenat 1991, NCDWQ 2006). EPT are generally intaleta many types of pollution and
physical stresses and higher EPT taxa richnesgvalte indicative of better water



guality (Eaton and Lenat 1991). Water quality iggican also be based on the EPTS in
combination with the pollution tolerance of the muavertebrate community as
summarized by the North Carolina Biotic Index (NCBénat 1993, NCDWQ 2006).
Both tolerance values for individual species aralfthal biotic index values have a range
of 0-10, with higher numbers indicating more tolgrgpecies and more polluted
conditions (Lenat 1993). In addition, EPTN, EPT&id S metrics can also be used to
help examine additional between-site differencesater quality (NCDWQ 2006). In

this study, each of these five metrics was evatlaialetermine their relative efficacy at
discriminating between streams with varying lealgisturbance.

To statistically test the linear relationship betweach of BAU's five BMI metrics in
response to land use type and disturbance gradesarson Correlation Coefficients were
calculated. Since some of these correlations watesscally significant, further testing
and refining of these relationships were subjetweh ANOVA calculation (F Ratio). In
addition, many of the BMI metrics differ substafiyian scale (e.g., Bl (0.1-10.0) versus
EPTN 0-270+). As a result, the Coefficient of Véoa (CV) which is independent of
measurement magnitude was calculated for eachedith BMI metrics to assess their
respective efficacy in response to disturbanceignidTo measure the rate and
magnitude of overlap among the five BMI metricsesponse to disturbance gradient the
Tukey-Kramer test was conducted. All statisticatdevere executed in IMP 7.0 (SAS
2008).

(5.0) Results and Discussion: Piedmont and Mountasn(General
Analysis)

Benthic macroinvertebrate-based biological assessnoan have multiple sources of
potential variability including those arising frdmeld sampling, laboratory sample
processing, data entry, calculation of indicataralades, site assessments, as well as
natural variations (e.g., seasonality and flowmegi intrinsic to biological communities
(Narf et al. 1984, Diamond et al. 1996, Carter Regh 2001, Cao et al. 2003, Clarke and
Hering 2006, Clarke et al. 2006, Flotemersch e2@D6, Herbst and Silldorf 2006,
Stribling et al. 2008). Moreover, as Hynes (197f)yastated: “rivers are clines in the
ecological sense, and such boundaries as do attiem are ill-defined and are caused
by a variety of factors.” Given this informatiohjs not surprising that there were some
outliers (Table 1) identified from this researchaasl as some habitat and specific
conductance variability between site groupingsfreg 4-7).

In general, there are certain physical attributes are typically required for the
collection of benthic macroinvertebrates in Noréwr@ina (NCDWQ 2006). For
example, in non-swamp streams year-round flow cesgary for routine sampling and
generally BAU does not sample streams with extrgrost pH values (~4.0) and will

not rate any stream with a pH less than or equalGgNCDWQ 2006). During the
course of this research, some samples were callécée had very low pH values (i.e.,
4.0-4.8) and several of these samples had Bl s¢asesell as other metric scores, Table
1) that were significantly outlying from other sadegwithin their respective disturbance
classes. There were 122 total samples collectethi®study Of this total, only twaof
these samples (1.6%) were classified as “Invaliti€a” (Table 1) and they were all
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located in the Sandhills level IV ecoregions (Gififfet al. 2002). These samples were
classified as invalid outliers since they weregfifect, “Invalid Samples” as they were
essentially collected in violation of NCDWQ bentinmacroinvertebrate pH sampling
protocols (NCDWQ 2006). More importantly, they weansidered invalid samples as
the pH value of these two severe impact sites (@srBranch and UT Little River) were
by far the lowest among that disturbance classeas tiheir respective Bl scores despite
similar percentages of landuse present at thedierosites compared to the remaining
samples in this disturbance class (Table 1, TabjeNeither of these invalid outlier
samples were used in determining biocriteria tholelshand they were excluded from all
data analysis in this report. Additional samplifigets should be focused on obtaining
data from highly impacted sites (with higher pHued) in the Sandhills level IV
ecoregions (See Section 13.0).

Table 1. Justification of “Severe Impact” Piedmon “Invalid Outliers”

Stream Disturbance Justification
Class
UTLITTLER “Severe Impac” 1) This site had a very low pH (4.1) and wask@ow the average in this dataset

(6.9). The 4.1 pH value was very close to the mimmpH value (4.0) that NCDWQ
can use to assign bioclassifications (NCDWQ, 2006grefore, UT Little River
should be considered an “Invalid Outlier” for thigtaset and not suitable for
threshold derivation. Although landuse at this sigs comparable to other “Severe
Impact” sites (percent developed= 57.5%, averagthfe dataset was 77.4%) the B
(5.13) was far lower than the average for the @at@s56). Additional sampling may
be necessary to find severely impacted sandhi#is hat have slightly higher pH
values.

JENNIES BR “Severe Impac” 1) This sitehad a very low pH (4.4) and was falow the average in this dataset
(6.9) and this value was very close to the mininpkrvalue (4.0) that NCDWQ can
use to assign bioclassifications (NCDWQ, 2006).r&feee, Jennies Branch should
be considered an “Invalid Outlier” and is not shiéfor threshold derivation.
Although landuse at this site was comparable terdtBevere Impact” sites (percen
developed= 51.2%, average for this dataset wa®@#te Bl (5.89) was far lower
than the average for the dataset (7.56). Additisaaipling may be necessary to find
severely impacted sandhills sites that have slidiigher pH values.

Piedmont

Excluding the two outlier sites, there were 62atne sampled within the level Ili
Piedmont ecoregions between April, May, and Jurt®2R006, and 2007. Ten severe
impact sites were sampled with a mean drainagecdre® mf, with the largest drainage
measured at 2.97 fand the smallest at 0.56Beven intermediate impact sites were
sampled and mean drainage area for this disturbzlase was 2.1 Miwith the largest
drainage measured at 2.7°rand the smallest measured at 1.5 rfihe remaining 45
samples were composed of reference samples amaetfue drainage area for this dataset
was 1.75 i, with the largest drainage measured at 39amil the smallest calculated at
0.3 mf. Compared to the Mountain conductivity data (Figiréhere was more overlap
in stream conductivity between the three disturbariasses in the Piedmont (Figure 4)
and this was predictably the most pronounced anteagntermediate impact data
(Figure 4). Nevertheless, the general trend wagasinconductivity was the highest
among the severe impact sites and lowest amongtée=nce sites in both ecoregions
(Figure 4, Figure 6). The increased overlap of Piedt conductivity data between
disturbance classes relative to the Mountainkeylidue in large part to the strong
natural variations present in stream conductivitg tb the effects of underlying parent
geologies (NCDWQ unpublished data, Bryce et al9]19@ff Reid, pers. comm., May
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2008) as well as from variation in base flow watleemistry (Feminella 2000).
Furthermore, this effect is most pronounced inRfe&mont relative to the Mountain
ecoregions (Jeff Reid, pers. comm., May 2008).ex@ample, UT Bear Swamp

(Piedmont reference site) had 89.91% forest/wetland cover, 9.01% grass/pasture and
0% developed, yet the conductivity (92u@hos/cm) was higher or comparable to that
measured at some of the most impacted Piedmost(sitg., UT Mine Creek; 47
uMhos/cm, UT Richlands Creek; gdnhos/cm) despite the fact that both of these highly
impacted sites had over 75% developed, less thagra%s/pasture, and less than 17%
forest/wetland landuse (Table 10). This illustrateshazards of using physicochemical
or landuse data alone as a method for determirifagte on benthic macroinvertebrate
(BMI) communities or as proxies for water qualitydas illustrative of results obtained

in many previous studies (Yoder and Rankin 1998y Kad Yoder 2004, Carlisle et al.,
2008). In terms of habitat scores, the Piedmord ¢iagure 5) were similar to the
Mountain dataset (Figures 7) in that habitat scare® somewhat more closely grouped
among the three major disturbance classes thanthenductivity data between
Piedmont (Figure 4) and Mountain sites (FigureHe)wever, the Piedmont data (Figure
5) was less tightly grouped relative to this metinian in the Mountain ecoregions (Figure
7).

Mountain

There were 60 sites sampled within the level llluvitain ecoregions between April,
May, and June 2005, 2006, and 2007. Ten severecirsjtas were sampled and had a
mean drainage area of 0.95’niihe largest drainage area within the severe impac
disturbance class sites was 1.96 arid the smallest was 0.37°nfix intermediate
impact sites were sampled and mean drainage arésialisturbance class was 0.97 mi
with the largest drainage measured at 1.60amil the smallest at 0.503xiThe

remaining 44 samples were obtained from refereites and mean drainage area among
these sites was 1.06 miith the largest drainage totaling 2.70°mind the smallest 0.30
mi2. With the exception of a few outlying points, caetivity was generally the highest
among the severely impacted sites, lowest amongefeeence sites, while the
conductivity among the intermediate impact studgssias generally distributed between
the severe and reference streams (Figure 6). Howeakitat scores (Figure 7) grouped
more tightly and had slightly less overlap betwdsturbance classes than did the
conductivity data. The slight overlap of condudindata between disturbance classes is
likely due to natural variations present in strezonductivity due to the effects of
underlying parent geologies (NCDWQ unpublished datgce et al. 1999, Jeff Reid,
pers. comm., May 2008) as well as due to variatidvase flow water chemistry
(Feminella 2000). For example, Pepper Creek (reteraite) had 89.7% forest/wetland
land cover, 4.71% grass/pasture and only 5.58%lojese (Table 11), yet the
conductivity (60umhos/cm) was higher or comparable to that measatredme of the
most impacted sites (e.g., Moore Branchp&ihos/cm, UT Pigeon River; g8nhos/cm,
King Creek 45umhos/cm) despite the fact that these impacted s#tdver 45%
developed, less than 8% grass/pasture, and lesg #9a forest/wetland landuse (Table
11). Once again, this dramatically illustrateslteards of using physicochemical or
landuse parameters alone as a method for detegréfiects on BMI communities or as
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water quality proxies and is consistent with pregioesults (Yoder and Rankin 1998,

Karr and Yoder 2004, Carlisle et al. 2008).

Figure 4 and Figure 5. Piedmont Conductivity and Haitat Score by Coarse-Scale
Disturbance Class.
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(6.0) Results and Discussion: Piedmont and Mountai8ites (Correlation
Analysis)

Piedmont

Overall, the mean drainage area for the 62 sitepksal in the Piedmont ecoregions was
1.81mi? with the largest measured at 3. mmd the smallest at 0.3mAs can be seen

in Table 2, drainage area had no significant eféecthe Bl, EPTN, EPTS, or EPTBI and
was only marginally correlated to S. These resarkkscomparable to previous work in
North Carolina (Lenat 1993). Among the six diffeartanduse categories (forest/wetland,
water, agriculture, barren, and grass/pasture) eann the Piedmont, the percent
developed landuse activity had overall the mosteywl effect on the five benthic
macroinvertebrate (BMI) metrics analyzed (TableT2jese results are consistent with
prior investigations documenting the disproporttenetfects of strongly deleterious
landuse activities on BMI communities (Kerans arairkl994, Cuffney et al. 2000, Paul
and Meyer 2001, Tate et al. 2005, Carlisle et @082 Bressler et al. 2009). Although
percent developed landuse exhibited a statistisaiyificant influence on all five of the
benthic macroinvertebrate community metrics, thé&l the strongest response and was
followed by the EPTBI, EPTS, EPTN, and then thespectively (Table 2). The percent
forest/wetland landuse activity had the second mposgterful overall influence on the

five metrics analyzed (Table 2) and the distribwitid these data are similar to prior
studies that demonstrated an extremely strong ivegasponse in BMI communities
with a reduction in percent forest landuse belo$80% (Black and Munn 2004, Table
10, Figure 34, Figure 35). Percent forest/wetlamdilise exhibited a statistically
significant influence on all five of the benthic onainvertebrate community metrics
although the Bl exhibited the strongest respongkisdanduse category and was
followed by the EPTN, EPTS, and then the EPTBI, @ndspectively (Table 2). Both of
these results (i.e., the relative effects of perdeneloped and percent forest on BMI
communities) are comparable with prior investigasi@xamining the comparative
impacts of strongly deleterious (e.g., developed) positive (e.g., forested) landuse
types on invertebrate communities (Kerans and K99, Cuffney et al. 2000, Paul and
Meyer 2001, Carlisle et al. 2008) and the effectess of the Bl in measuring water
quality (Hilsenhoff 1987) and general stressors@tel 993). Of the remaining landuse
types examined in the Piedmont, only percent waddrany correlation to the Brable

2) while percent grass/pasture, agriculture, afiticet-grass/pasture, barren, and percent
water had no statistically significant effect oryar the five metrics evaluated among the
Piedmont study sites (Table Zhe lack of BMI correlation to percent agricultuned
grass/pasture in particular is consistent with joew findings (Meador and Goldstein
2003, Strayer et al. 2003).

In addition to examining the effect of landuse cBDWQ'’s five BMI metrics, the
relationship of percent silt, sand, and percehtsdind to these metrics were also tested.
For percent silt, only the EPTN demonstrated aagistically significant effect in
response to percent silt in the Piedmont (TabléRhough this correlation was
marginal, it was comparable to previous resultsndatieff and Voshell 1980, Zweig
and Rabeni 2001, Thomson et al. 2004, Cover €08i7). All remaining BMI metrics
exhibited no notable response to percent silt @apl The EPTBI and EPTN, were also
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the most sensitive to percent sand and percefisaid although this relationship was
only moderately correlated (Table 2). Again, thessailts are generally similar to
previous results which have documented variouddedMeadverse effects on invertebrate
communities due to effects of fine sediment (Kotidfaand Voshell 1980, Zweig and
Rabeni 2001, Thomson et al. 2004, Cover et al. 00 remaining BMI metrics
(EPTS, BI, S) showed no statistical relationshipéocent sand or percent sand+silt
(Table 2).

Habitat scores and specific conductance were aislo@ed in this study to assess how
they related to the BMI metrics as well as how ¢éhegarameters correlated with landuse
types. Results of this study show that habitatecexhibited a statistically significant
correlation on all five of the benthic macroinvértgte community metrics in the
Piedmont an@nalysis othe data demonstrate that the Bl had the stromgsgbnse to
habitat score and was followed by the EPTN, EPTFEH, and the S respectively
(Table 2). The ability of the Bl to track habitagtadation is a contrary finding from
previous investigations (Kerans and Karr 1994, Iikiet al. 1995, Larsen et al. 2001)
but is consistent with more recent work (Bressteal€2009). Although all community
metrics (other than S) exhibited statistically #igant effects with specific conductance
and is similar to recent findings (Bressler e28109), the EPTBI was the most sensitive
but was followed closely by the Bl (Table 2). Tleenaining metrics were much less
sensitive relative to the EPTBI and BI.

In terms of the six major landuse types testetimgtudy, percent forest/wetland and
percent developed landuse types exerted statigtgighificant effects on habitat scores
in the Piedmont ecoregions with the strongestitaiahip associated with percent
forest/wetland and percent developed (Table 2)sé&mesults are consistent with
previous findings detailing the negative effectsle¥eloped and positive effects of
forested landuse types on lotic systems (KeranKand1994, Cuffney et al. 2000, Paul
and Meyer 2001, Black and Munn 2004, Carlisle e2@08, Bressler et al. 2009). The
remaining four landuse types exhibited no staas&dfect on habitat scores (Table 2). As
was the case for the habitat score dataset, botemeforest/wetland and percent
developed had a statistically significant effectcomductivity and the strongest
relationship was found with the percent developadi @ercent forest/wetland
respectively (Table 2) and is consistent with ppasifindings (Bressler et al. 2009). The
remaining four land use types had no statistidalceon conductivity (Table 2). These
results are consistent with previous findings dieigithe biological, physical, and
chemical effects of developed and forested lantises on lotic systems (Smart et al.
1985, Kerans and Karr 1994, Herlihy et al. 1998;cBret al. 1999, Cuffney et al. 2000,
Paul and Meyer 2001, Black and Munn 2004, Carbslal. 2008, Bressler et al. 2009).
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Table 2. Piedmont Correlations: Benthic Macroinvetebrate Metrics, Landuse,

Specific Conductance, and Habitat(voTe: BI and EPTBI scores increase with increasingmpacts and are
therefore positively (+) correlated to % developedConversely, EPTS, EPTN, and S decrease with increiag percent (%)
developed landuse and are negatively (-) correlate®or percent (%) forest landuse, these correlatiomare reversed).

Variable by Variable Correlation Count Signif Prob Graphical Portrayal of Correlation
-1 0 +1

BI Developed % 0.8386 61 <.0001 |
EPTBI Developed % 0.7573 62 <.0001 |
EPTS Developed % -0.6808 62 <.0001 |
|
|
|

EPTN Developed % -0.6664 62 <.0001
S Developed % -0.5197 62 <.0001
BI Forest/Wetland % -0.7548 61 <.0001
EPTN Forest/Wetland % 0.7152 62 <.0001 [ |
EPTS Forest/Wetland % 0.6885 62 <.0001 [ |
EPTBI  Forest/Wetland % -0.6179 62 <.0001 [ |
S Forest/Wetland % 0.4119 62 0.0009 | |

| |

| |

| ]

EPTN  Ag % -0.1759 62 0.1715
EPTBI Ag % -0.1491 62 0.2474
EPTS Ag% -0.1150 62 0.3733
Bl Ag % -0.0664 61 0.6110
S Ag % -0.0383 62 0.7677

| |

| |
EPTN Grass/Pasture % -0.1878 62 0.1437 [ ]
EPTS Grass/Pasture % -0.1359 62 0.2922 [ 1
| |

| |

| |

S Grass/Pasture % 0.0678 62 0.6007
Bl Grass/Pasture % 0.0563 61 0.6662
EPTBI  Grass/Pasture % -0.0180 62 0.8895
EPTN  Ag+Grass/Pasture -0.2007 62 0.1178
EPTS  Ag+Grass/Pasture -0.1432 62 0.2670

| |

| |
S Ag+Grass/Pasture 0.0553 62 0.6692 [ 1
Bl Ag+Grass/Pasture 0.0402 61 0.7584 [ 1
EPTBI  Ag+Grass/Pasture -0.0414 62 0.7492 [ 1
Bl Water % 0.2484 61 0.0536 | |
EPTN  Water % -0.1897 62 0.1398 | |
EPTS  Water % -0.1607 62 0.2122 | |
EPTBI  Water % 0.0816 62 0.5283 | |
S Water % 0.0063 62 0.9611 | |
EPTBI  Barren % -0.1377 62 0.2859 [ ]
BI Barren % -0.0823 61 0.5282 [ ]
S Barren % -0.0477 62 0.7130 [ ]
EPTS Barren % -0.0294 62 0.8209 [ ]
EPTN Barren % 0.0009 62 0.9944 [ ]
EPTBI % Sand -0.2908 62 0.0219 | |
EPTN % Sand -0.2505 62 0.0495 | |
EPTS % Sand -0.2010 62 0.1173 | |
Bl % Sand -0.0911 61 0.4850 | |
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Variable by Variable Correlation Count Signif Prob Graphical Portrayal of Correlation

-1 0 +1
S % Sand -0.0876 62 0.4983 |
EPTN % Silt -0.2526 62 0.0476
EPTS % Silt -0.2063 62 0.1077
EPTBI % Silt -0.1708 62 0.1845
S % Silt -0.0824 62 0.5243
BI % Silt 0.0626 61 0.6315
EPTBI % Sand+Silt -0.2910 62 0.0218
EPTN % Sand+Silt -0.2805 62 0.0272
EPTS % Sand+Silt -0.2261 62 0.0772
S % Sand+Silt -0.0964 62 0.4559
BI % Sand+Silt -0.0586 61 0.6536
S Drainage Area 0.2550 62 0.0455

EPTBI Drainage Area 0.1753 62 0.1729
EPTN Drainage Area 0.1565 62 0.2244
EPTS Drainage Area 0.1448 62 0.2614

BI Drainage Area 0.0024 61 0.9852
Condo EPTBI 0.7756 62 <.0001
Condo BI 0.6802 61 <.0001
Condo EPTS -0.4095 62 0.0009
Condo S -0.2259 62 0.0775
Habitat BI -0.6114 61 <.0001
Habitat EPTN 0.6021 62 <.0001
Habitat EPTS 0.5478 62 <.0001
Habitat EPTBI -0.4718 62 0.0001
Habitat S 0.3506 62 0.0052

Condo  Developed % 0.6546 62 <.0001
Condo  Forest/Wetland % -0.4135 62 0.0008
Condo Ag% -0.2379 62 0.0626
Condo  Ag+Grass/Pasture -0.2126 62 0.0971
Condo  Grass/Pasture % -0.1895 62 0.1402
Condo Barren % -0.1150 62 0.3735
Condo Water % -0.0618 62 0.6330
Habitat Forest/Wetland % 0.5405 62 <.0001
Habitat Developed % -0.5144 62 <.0001
Habitat Ag % -0.1785 62 0.1650
Habitat Ag+Grass/Pasture -0.1471 62 0.2539
Habitat Grass/Pasture % -0.1285 62 0.3194
Habitat Water % 0.0631 62 0.6259
Habitat Barren % -0.0266 62 0.8371

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
Condo EPTN -0.3834 62 0.0021 |
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

17



Mountain

The mean drainage area for the 60 samples coll@ctbé Mountain ecoregions was
1.02 mf with the largest drainage area measured at 2%7@mi the smallest at 0.30 i
As can be seen in Table 3, drainage area had nifisat statistical effect on the BI,
EPTN, EPTS, EPTBI, or S. These findings are coaststith previous investigations
conducted in North Carolina (NCDWQ unpublished datnat 1993). Among the six
different landuse categories (forest/wetland, dgwedl, water, agriculture, barren, and
grass/pasture) examined, the percent forest/wettarttlise activity had overall the most
powerful influence on the five metrics analyzedviauntain locations (Table 3).
Moreover, the distributions are strikingly simitarprior studies which demonstrated an
extremely strong negative response in invertelmamemunities with a reduction in
percent forest landuse below 70%-80% (Black andmvk004; Table 11, Figures 35,
37). Percent forest/wetland landuse exhibited @sttally significant influence on all
five of the benthic macroinvertebrate community mestalthough the Bl had the
strongest response to this landuse category foldwyethe EPTBI, EPTS, EPTN, and S
(Table 3). Percent developed landuse exerted ttendanost powerful influence on the
five metrics analyzed among Mountain sites (TaBleA3 was the case in the Piedmont,
these results are comparable with prior investgatiexamining the disproportionate
effects of strongly deleterious landuse activi{eg., developed) and positive (e.g.,
forest) landuse types on invertebrate communifesgns and Karr 1994, Cuffney et al.
2000, Paul and Meyer 2001, Carlisle et al. 2008sBler et al. 2009) and the
effectiveness of the Bl in measuring water qugltilsenhoff 1987) and general stressors
(Lenat 1993). Although percent developed landusgbebed a statistically significant
influence on all five of the benthic macroinveriaiercommunity metrics, the Bl had the
strongest response followed by the EPTBI, EPTS,NERIRd S respectively (Table 3).
Percent grass/pasture landuse demonstrated tdentbst powerful influence on the five
BMI metrics analyzed from Mountain streams. Unliksults from the Piedmont, percent
grass/pasture landuse exhibited a statisticallyifsognt influence on all five of the
benthic macroinvertebrate community metrics fromuki@in sites (Table 3). However,
evaluation of the statistical results show thatBhead the strongest response to this
landuse category and was followed by the EPTBI, £FHPTN, and S (Table 3).
Likewise, percent agriculture in the Mountain egooes had a statistical effect on all
five BMI metrics although it did not in the Piedntohhe statistical results indicate that
the EPTBI had the strongest response to perceituétgre and was followed by the BI,
EPTS, EPTN, and S (Table 3). Again, unlike the Riedt dataset, percent agriculture +
grass/pasture exhibited a statistically signifidgafitience on all five of the benthic
macroinvertebrate community metrics (Table 3). Asslof these data demonstrates that
the Bl had the strongest response to this landusdination followed by the EPTBI,
EPTS, EPTN, and S (Table 3). Although percent wiadelr no effect on any of the five
BMI metrics tested, percent barren did show a ltirdeeffect on the Bl but not on any
of the remaining four metrics (Table 3) and wa asesult not detected in the Piedmont
(Table 2).

In addition to examining the effect of landuse oRBs five BMI metrics, the

relationship of percent sand, silt, and percehtsind to these metrics were also tested in
the Mountain ecoregions. Results of this indichtd for both percent silt, sand, and
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sand+silt, the EPTBI exhibited the strongest retathip to these stressors, although the
Bl and EPTN also exhibited statistically signifitaffects (Table 3). These findings are
similar to previous results (Kondratieff and VodH&80, Thomson et al. 2004, Cover et
al. 2007) but are contrary to the findings of otsteidies which found no effect on biotic
indices in response to sediment (Anagradi 1999,i@aed Rabeni, 2001, See Section
8.0 for a more detailed discussion). The only BMitnecs that did not demonstrate any
statistical significance was the S, EPTS, and ER¥percent sand.

Habitat scores and specific conductance were aislo@ed in this study to assess how
they related to the BMI metrics as well as how ¢éhearameters correlate with landuse
types. As was the case among Piedmont stream#srasthe Mountain ecoregions also
demonstrated that habitat scores exhibited a titally significant influence on all five

of the BMI community metrics although the EPTBI d@idhad the strongest response to
habitat score (Table 3). The EPTS and EPTN weradléemost sensitive to habitat
score followed by the S respectively (TableT)e ability of the Bl and EPTBI to track
habitat degradation is a contrary result from psinidies (Kerans and Karr 1994, Shields
et al. 1995, Larsen et al. 2001) but is a sim#auit to more recent work (Bressler et al.
2009). Although all five metrics exhibited a stagally significant relationship to stream
conductivity in the Mountains, and was a similauléfrom recent research (Bressler et
al. 2009), the Bl exhibited the strongest statdtoorrelation and was followed by the
EPTS, EPTN, EPTBI, and S respectively (Table 3).

In terms of the six major landuse types tested gdountain streams for this study,
percent forest/wetland, percent agriculture+grasdipe, grass/pasture, developed, and
agriculture all showed a statistically significaotrelation to habitat score although
percent forest/wetland was the most strongly cateel (Table 3). These results are
consistent with previous findings detailing thelbgcal, physical, and chemical effects
of human induced landuse disruption versus nonudistg landuse practices on lotic
systems (Smart et al. 1985, Kerans and Karr 1984jHy et al. 1998, Bryce et al. 1999,
Cuffney et al. 2000, Paul and Meyer 2001, Black kiuthn 2004, Carlisle et al. 2008,
Bressler et al. 2009). Percent water did not detnatesany statistical effect although
percent barren was borderline significant (Tabldr8jerms of conductivity, the
Mountain data showed that the most significantlyelated variable to conductivity was
percent grass/pasture, Ag+grass/pasture, foreffwietagriculture, and percent
developed respectively (Table 3). The barren anémanduse categories exhibited no
statistically significant effect on stream conduityj.

Table 3. Mountain Correlations: Benthic Macroinvertebrate Metrics, Landuse,

Specific Conductance, and Habitat(NoTE: Bl and EPTBI scores increase with increasingmpacts and are
therefore positively (+) correlated to % developedConversely, EPTS, EPTN, and S decrease with increiag percent (%)
developed landuse and are negatively (-) correlate@or percent (%) forest landuse, these correlatiomare reversed).

Variable by Variable Correlation Count Signif Prob Graphical Portrayal of Correlation
-1 0 +1
Bl Forest/Wetland % -0.9079 60 <.0001 [ |

EPTBI  Forest/Wetland % -0.8364 60 <.0001 [ |
EPTS Forest/Wetland % 0.7983 60 <.0001 [ |
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Variable by Variable Correlation Count Signif Prob Graphical Portrayal of Correlation

-1 0 +1
EPTN Forest/Wetland % 0.7479 60 <.0001 |
S Forest/Wetland % 0.5941 60 <.0001
BI Developed % 0.7459 60 <.0001

EPTS Developed % -0.6734 60 <.0001
EPTN  Developed % -0.6306 60 <.0001
S Developed % -0.4843 60 <.0001
BI Ag+Grass/Pasture 0.5964 60 <.0001 | |
EPTBI  Ag+Grass/Pasture 0.5709 60 <.0001 [ |
EPTS  Ag+Grass/Pasture -0.4927 60 <.0001 | |
EPTN  Ag+Grass/Pasture -0.4627 60 0.0002 | |

| |

| |

| |

[

[ |

[ |
EPTBI  Developed % 0.6754 60 <.0001 [ |

[ |

[ |

[ ]

S Ag+Grass/Pasture -0.3966 60 0.0017
BI Grass/Pasture % 0.5929 60 <.0001
EPTBI  Grass/Pasture % 0.5642 60 <.0001
EPTS Grass/Pasture % -0.4840 60 <.0001
EPTN Grass/Pasture % -0.4556 60 0.0003

| |

| |
S Grass/Pasture % -0.3897 60 0.0021 | |
EPTBI Ag % 0.5362 60 <.0001 [ |
BI Ag % 0.5096 60 <.0001 [ |
EPTS Ag% -0.5043 60 <.0001 [ |
EPTN Ag% -0.4576 60 0.0002 | |
S Ag % -0.4043 60 0.0014 | |
Bl Barren % 0.2349 60 0.0708 | |
EPTN Barren % -0.2193 60 0.0923 [ ]
EPTS Barren % -0.2004 60 0.1247 [ ]
EPTBI  Barren % 0.1929 60 0.1398 | |
S Barren % -0.1170 60 0.3732 [ ]
EPTBI Water % 0.0415 60 0.7530 | |
BI Water % -0.0148 60 0.9108 | |
EPTS  Water % 0.0121 60 0.9268 | |
S Water % 0.0108 60 0.9348 | |
EPTN  Water % -0.0105 60 0.9366 | |
EPTBI  %Sand+Silt 0.6416 60 <.0001 | |
BI %Sand+Silt 0.5429 60 <.0001 | |
EPTN  %Sand+Silt -0.3366 60 0.0085 | |
EPTS %Sand+Silt -0.3310 60 0.0098 | |
S %Sand+Silt -0.0881 60 0.5034 | |
EPTBI %Sand 0.5548 60 <.0001 [ |
BI %Sand 0.4693 60 0.0002 | |
S %Sand 0.0377 60 0.7748 | |
EPTS %Sand -0.2121 60 0.1037 | |
EPTN  %Sand -0.2086 60 0.1097 | |
EPTBI % Silt 0.4882 60 <.0001 | |
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Variable by Variable Correlation Count Signif Prob Graphical Portrayal of Correlation

-1 0 +1
EPTN % Silt -0.4220 60 0.0008 |
BI % Silt 0.4132 60 0.0010
EPTS % Silt -0.4008 60 0.0015
S % Silt -0.2962 60 0.0216
S Drainage Area 0.1835 60 0.1604

EPTS Drainage Area 0.1825 60 0.1628
EPTN Drainage Area 0.1644 60 0.2094
EPTBI Drainage Area 0.1446 60 0.2704

BI Drainage Area -0.0074 60 0.9554
BI Condo 0.6139 60 <.0001
EPTS Condo -0.5538 60 <.0001
EPTN  Condo -0.5336 60 <.0001
EPTBI Condo 0.4794 60 0.0001
S Condo -0.4069 60 0.0013
EPTBI Habitat -0.7937 60 <.0001
BI Habitat -0.7683 60 <.0001
EPTN  Habitat 0.6652 60 <.0001
S Habitat 0.4900 60 <.0001

Habitat Forest/Wetland % 0.7531 60 <.0001
Habitat Ag+Grass/Pasture -0.6098 60 <.0001
Habitat Grass/Pasture % -0.6067 60 <.0001
Habitat Developed % -0.5536 60 <.0001

Habitat Ag % -0.5149 60 <.0001
Habitat Barren % -0.2358 60 0.0697
Habitat Water % 0.0347 60 0.7922

Condo Grass/Pasture % 0.6878 60 <.0001
Condo Ag+Grass/Pasture 0.6791 60 <.0001
Condo Forest/Wetland % -0.6433 60 <.0001

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
EPTS Habitat 0.7032 60 <.0001 |
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

Condo Ag% 0.3990 60 0.0016
Condo Developed % 0.3815 60 0.0026
Condo Barren % 0.1808 60 0.1668
Condo Water % -0.0681 60 0.6054

(7.0) Results and Discussion:

Piedmont and Mountain (Analysis by Disturbance Clas)

In terms of biocriteria selection for the severg@att disturbance class, the Bl had the
lowest Coefficient of Variation (CV) of all the ehmetrics for both the Piedmont and
the Mountains (Figure 8, Figure 9). Within the nmtediate impact disturbance class
dataset, the Bl again had a substantially lower€#tive to all the other BMI metrics in
both the Piedmont and Mountains (Figure 8, Figor&enilarly, the reference dataset
also demonstrated that the Bl had the lowest C&lldhe other metrics in the Piedmont
and Mountains (Figure 8, Figure 9).The evaluatibthis is crucial as the CV has
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repeatedly been shown to déighly effective tool for selecting metrics and
bioassessment methods that are the most effeatiiscriminating between reference
and impaired streams (Gebler 2004, Black et al42B@rbst and Silldorff 2006,
Stribling et al. 2008) and has been used frequéattpmpare the relative precision
among various indicators, data sets, and metriosn@ and Gomez 1976, Diamond et
al. 1996, Feminella 2000, Zweig and Rabeni, 20@h)desser and Nalepa 2002, Tullos
et al. 2006, Rehn et al. 2007, Cuffney et al. 20B¥addition, this method is particularly
useful when comparing metrics with differing urefsmagnitude (SAS 2006) and is an
extremely useful test for comparing the raw disanatory efficacy of a given metric (Dr.
Catherine Truxillo, pers. comm., April 2008). Basedthis analysis, only the Bl had a
CV that was small enough to provide useful inforiorator establishing water quality
biocriteria thresholds in the Piedmont and Mourgand was the least variable of all the
other metrics (Figures 8-10lhe only instance where the Bl failed to outperfdhm

other BMI metrics occurred when the reference filstdata was combined with the
reference Mountains data (Figure 10). However, @wéhis solitary instance the
difference in the CV between the top performingr(t}ric relative to the BI (1.72 for
the coarse-scale disturbance data, and 2.34 fsfiale) were the smallest differences
measured between the top performing Bl and the Imestt CV metric for the entire
Mountain dataset. The only such difference that svaaller (1.58) occurred between the
Bl and the EPTS from the mostly forest disturbariass (Figure 12). Indeed, the
remaining differences in the CV of the Bl to thexhigest metric ranged from a low of
2.61 to a high of 24.53 and thus solidify the ollestability of the Bl relative to the
EPTBI, EPTS, EPTN, and S.

In addition to the CV measurement, the S, EPTS,NERTd EPTBI demonstrated
significant overlap (see Figure 12A) between atutibance classes in both ecoregions
with the largest differences measured among theseescale disturbance classes (e.g.,
overlap between reference sites with severe ingites as well as overlap between
intermediate impact sites with severe and refersites (Figures 13-17, Figures 23-27).
In addition, the S, EPTN, EPTBI, and EPTS also leixéd significant rates of overlap
between more narrowly separated, finer-scaled rhiahce classes (e.g., overlap between
forest and mixed, forest with mostly forest, mostigest with mixed, as well as
developed with mixed, developed with mostly develbpnd mostly developed with
mixed; Figures 18-22, Figures 28-32) in the Piednamid MountainsAs a result, the
EPTBI, S, EPTS, and EPTN amet optimal for use in the establishment of bi@eré in
streams less than or equal to 3.6 miNorth Carolina’s Piedmont and Mountains as
these metrics consistently failed to detect bathdand small differences in disturbance
gradients within the benthic macroinvertebrate camity. These findings are consistent
with previous investigations (Herbst and Silld&@06, Stribling et al. 2008).

These data suggest that the Bl is the most efieatigtric for reliably and consistently
discriminating between reference, intermediate ichpad severe impact sites in both
ecoregions (Figures 13-17, Figures 23-27), as agetliscriminating between finer-scaled
disturbance gradients (Figures 18-22, Figures 284B8deed, only the Bl had the

“power” to reliably and consistently discern betweeference, intermediate impact and
severe impact sites in both ecoregions. Specijicglower” is measured empirically as
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the rate of overlap between “Test” sites (i.e.ssifed as severe impact, intermediate
impact, developed, mostly developed, and mixed sit¢his study; sensu Herbst and
Silldorff, 2006) with “Control” sites (i.e., sitedassified as reference, forest, and mostly
forest in this study; sensu Herbst and SilldorffQ&) while “overlap” is measured as the
proportion of test sites that exceed the refereisteibution values for that metric
(Herbst and Silldorff, 2006). In effect, overlapafyates the signal-to noise ratio by
considering the rate and magnitude of separatiomndsn the test and reference site
distributions (Herbst and Silldorff, 2006). Thenefpthe lower the power and higher the
rate of overlap, the more frequently one will meitdfy “Test” sites as “Reference” sites
and “Reference” sites with “Test” sites (Herbst &ikdorff 2006). In other words, this
situation could result in misidentifying impaireieams with those in reference, or near-
reference condition. In summary, the effectiveredgbe BI, and relative ineffectiveness
of the EPTS, EPTBI, EPTN, and S in discriminatimgveen both large and small scale
disturbance gradients in small Piedmont and Moargaeams can be seen in Figures 13-
32.

Combined, these data suggest that the Biotic I1{B&xs the most powerful and precise
metric (among the five BMI metrics analyzed) foe #stablishment of biocriteria for
streams with drainage areas less than or equadtmBin North Carolina’s Piedmont

and Mountains. In summary, the Bl had no overlagben the three major (landuse
derived; Figure 3, Table 10, Table 11) coarse-sd@keirbance classes (i.e., severe
impact, intermediate impact, reference) while gmaining four remaining metrics
(EPTS, EPTN, EPTBI, and S) did demonstrate ovefagures 13-17, Figures 23-27,
Table 10, Table 11). Importantly, when these tlu@sse-scale disturbance classes were
further subdivided into five fine-scaled disturbaratasses (also based on landuse; Figure
33, Table 10, Table 11) in the Piedmont the Bl agi®monstrated no overlap between
forest, mostly forest, mixed, mostly developed, dadeloped landuse disturbance
gradients (Figure 17, Figure 22, Table 10) andBthie the Mountains also exhibited no
instances of overlap between either the coarse-stdine-scale disturbance classes
(Figure 27, Figure 32, Table 11hdeed, despite the fact that the slightly morealde
foothills reference data were included with the Mi@in reference data, the BI still
exhibited no overlap between the two closest ref@eategories (forest and mostly
forest; Figure 27, Figure 32, Table 11). Theseltefurther bolster the robustness of the
Bl relative to the S, EPTS, EPTN, and EPTBI.

In total, the BI exhibited no overlap among altioé disturbance gradients (both coarse
and fine-scale) in the Piedmont and Mountain edorey(Figure 17, Figure 22, Figure
27, Figure 32). Conversely, the S, EPTS, EPTN,ER@BI did exhibit overlap between
not only the fine-scale disturbance class categ@fegures 18-21, Figures 28-31), but
the S, EPTS, EPTN, and EPTBI demonstrated ovedapeen the worst, and near-worst
sites (developed/mostly developed and severe impaitt the best, and near-best sites
(forest/mostly forest and reference, Figures 13Figres 23-26). Therefore, the EPTN,
EPTBI, EPTS, and S are not optimal for use in ieca development in streams with
drainage areas less than or equal to 3.@mthe Piedmont and Mountains of North
Carolina as frequent overlap of metrics betweeraingg (e.g., severe impact) and non-
impaired (e.g., intermediate impact and referesite¥ leads to misclassification of
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reference sites with impaired sites and vice v@tsabst and Silldorff, 2006, Stribling et
al. 2008). This condition would have severe negatonsequences for water resource
managers (EPA 2000). Moreover, establishing a gradif disturbance also aids in
interpreting results of sampling as well as guidimg calibration of metrics composing
the qualitative and/or quantitative indices of bgital assemblage response (Bryce et al.
1999). Further, the comparison of these metricisturbance gradients tests whether a
given metric’s response covers the entire spectiwater quality, habitat quality, and
which metrics are most (or least) sensitive toems in impact, and which taxa
disappear or become more prevalent with the acatioalof stressors (Bryce et al.
1999). Therefore, testing benthic macroinvertebnaérics against subtle disturbance
gradients are crucial in selecting the metric(siciiprovides the best overall signal
(Bryce et al. 1999).

These data demonstrate the power of the Bl asableimethod to not only discriminate
between the best and worst sites but also to dissh between varying levels of subtler
land-use based disturbance gradients in both #dniRint and Mountains. Distinguishing
gradations in biological structure and functiom ikey underpinning of the regulatory
process of assigning streams to different categ@fii@quatic life use attainment
(Jackson 2004) and the clarity and accuracy witlchvbifferent metrics and/or methods
permit identification of thresholds and intermediatibdivisions of impairment is another
key feature that should be considered when comgpanietric and method performance
(Herbst and Silldorff 2006). This is important sneffective water quality management
requires tools that can detect degrees and gradiiategradation to biological
communities since a decision of simply “degraded”nmt degraded” can often be
accurately inferred from examining discharger lao#, land use trends, and previous
investigations (EPA 2000, Eaton 2001). In bothRiemont and Mountains, the S,
EPTN, EPTBI, and EPTS were not as effective inaatg gradations in disturbance
gradients. Conversely, the Bl was highly effectiweletecting gradients in disturbance.

The Bl also demonstrated the lowest CoefficierWafiation (CV) relative to the other
four metrics in both ecoregions, which further beis the use of this metric in biocriteria
(Gomez and Gomez 1976, Diamond et al. 1996, Har$tSilldorff 2006, Tullos et al.
2006, SAS 2006 Dr. Catherine Truxillo, pers. comiypril 2008, Stribling et al. 2008,).
In fact, the CV of the Bl among the Piedmont seweneact, intermediate impact, and
reference disturbance classes (Figure 8) werewilin the range (10-15) of previously
recommended (precision) measurement quality CVatibgs (Stribling et al., 2008). All
of the remaining metrics (EPTN, EPTS, EPTBI, anavi)in the three major coarse-
scale disturbance classes fell beyond this recordeterange (Stribling et al. 2008) and
without exception were all higher than the Bl fack disturbance class in the Piedmont
(Figure 8). In addition, when the CVs by metric akamined among the five, finer-
scaled landuse categories in the Piedmont (Figly¢he Bl was lower than all the other
metrics for each of the five fine-scale disturbaoatgories and all of the Bl CV values
met the recommended precision CV objective (Stighet al. 2008). Conversely, only
the EPTBI CV for the mostly developed and forestllzsse categories met these
thresholds (Figure 11).
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In the Mountains, the Bl CV among the severe impatérmediate impact, and
reference sites without “Foothills” streams (FigAresee Section 9.0 for a detailed
discussion of the foothills dataset) were well witthe range (10-15) of previously
recommended (precision) measurement quality CVatilbgs (Stribling et al. 2008).
Conversely, only the reference EPTBI CV fell withims range in the Mountains (Figure
9). Remaining metricamong all of the three major, coarse-scale dishabalasses fell
beyond this recommended range (Stribling et al82@@d without exception they were
all higher than the BI for each disturbance classrag Mountain sites (Figure 9).
Moreover, in the Mountains, the Bl CV (excludinderence foothills sites) was lower
than any of the other metrics within the five, fusealed (forest, mostly forest, mixed,
mostly developed, and developed) landuse categftigsre 12) and the Bl CV
(excluding the forest+foothills forest category)revevell below the recommended
precision (10-15) CV requirements (Stribling et2008). Conversely, only the mostly
developed EPTBI CV and mostly forest EPTS CV meséhthresholds (Figure 12).

When the foothills sites are added into the LelMlé¥lbuntain ecoregions reference
disturbance class dataset, in both the coarse-gaglere 10) and fine scale land-use
derived disturbance gradients (Figure 12; See &eétiOfor a detailed discussion of the
foothills dataset), the CVs of the five BMI metrsisifted somewhat as the S (16.17) and
EPTS (17.89) outperformed the Bl (18.51) in therseascale dataset (Figure 10), and all
three CV values associated with these metricsdadaneet the minimum precision
requirements (Stribling et al. 2008). However, wegamined singularly, the CV values
for metrics contained within just the foothills da¢t show that only the Bl (15.85, Figure
10) met the Stribling et al. 2008 precision thrédba@10-15) while the CVs for the S,
EPTS, EPTN, and EPTBI exceeded these minimum poecislues (Figure 10). While

all of the foothills sites contained core Mounttara, some of these sites had slightly
higher Bl values than some of the Mountain refeeestceams even though the landuse
trends between these two groups were comparablég(Tad). The slightly higher Bl
scores associated with the foothills dataset,espansible for the increased Bl CV for
the combined coarse-scale and fine-scale footkitlshtains reference dataset (Figure
10, Figure 12). Furthermore, if the foothills refece data are grouped with the Piedmont
reference dataset, the Bl CV of that combinatianéases from 12.13 to 17.77 and helps
illustrate the transitional nature of the foothdlsta. See section 9.0 for a detailed
treatment of the foothills dataset.

Of all the metrics examined in the Piedmont and Mauns, the Bl was the most strongly
correlated to the percent forest/wetland and peémeveloped landuse categories (Table
2, Table 3). This is particularly significant ag$le two landuse types have consistently
been demonstrated to exert the strongest negakeueloped) and positive (forest) effect
on benthic macroinvertebrate communities (Keramskarr 1994, Cuffney et al. 2000,
Paul and Meyer 2001, Weigel 2002, Black and Mund¥2®loore and Palmer 2005,
Kratzer et al. 2006, Smith and Lamp 2007, Carkslal. 2008). Therefore it is crucial to
select a metric that best tracks these relatiosqliiprr et al. 1986, Lenat 1988, Weisburg
et al. 1997). Furthermore, the Bl has the additiadsantage over the other benthic
macroinvertebrate metrics evaluated in this stuigdgha Bl has been shown to be an
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effective measure of water quality (Hilsenhoff 198rd of general stressors (Lenat
1993).

Indeed, these two landuse types combined to havsttbngest effect on all five of the
benthic metrics in the Piedmont (Table 2) and Maunt (Table 3) and the percent
forest/wetland and percent developed landuse tyees also shown to have the
strongest correspondence to habitat score and cowitigin the Piedmont (Table 2). In
the Mountains, percent forest/wetland had the ggsnoverall correlation to habitat
score although every other landuse type (excludargen and water) were also
statistically significant (Table 3). In the Moumaj the conductivity was significantly
correlated to percent grass/pasture and foresielll by percent agriculture and
developed (Table 3). Although some of the otherBbmetrics were also significantly
related to percent developed and percent foredéimgstthese non-Bl metrics, in every
instance had a much higher CV than did the Bl @Redmont (Table 2), and in all but
one instance, the Bl has a lower CV than all oBMi metrics in the Mountains (Table
3). In instances where parameters have both adagtee of correlation and a high CV
(i.e., are inconsistent) the strength of the catreh is weakened and therefore
parameters that are both highly correlated andyignsistent (i.e., have a low CV)
should be given the greater weighting (Cuffneyle2@07). This would indicate the Bl is
superior to the other non-Bl metrics in this study.

In the Mountains, percent sand and percent sandiegllthe strongest statistical effect on
the EPTBI and Bl respectively (Table 3), while marcsilt exhibited the strongest
statistical correlation to the EPTBI, EPTN, and(B&ble 3). These findings are contrary
to previous work which showed that biotic indicewé little or no correlation to
sedimentation (Anagradi 1999, Zweig and Rabenil208owever, the Anagradi study
artificially manipulated sedimentation rates aneréfore those results may not have been
representative of natural conditions (Zweig anddta®2001). Moreover, the Zweig and
Rabeni study assessed naturally sandy streamstrac®lissouri. These streams and
their invertebrate communities are adapted to mplmasurally occurring sediment
regimes and therefore would be expected to beskssitive to small and moderate
increases in sedimentation (Zweig and Rabeni, 200dged, the differential response in
BMI communities to sediment from mountain areas (invertebrates sensitive to
sediment) to lowlands (i.e., invertebrates lessitigg to sediment) has been
demonstrated previously (Connolly and Pearson, R00refore the present findings in
the Mountain ecoregion are consistent with mangostudies which have demonstrated
the deleterious effects of fine sediment on logathic macroinvertebrates (Kondratieff
and Voshell, 1980, Thomson et al. 2004, Cover.2@7). The fact that the Bl and
EPTBI were significantly correlated to sand, sihd sand+silt in the Mountains is likely
the result of the fact that the invertebrate comitesiin Mountain streams are not as
well adapted to the higher rates of naturally ogogrsedimentation in the Piedmont and
are therefore more sensitive to these stressoragaid is consistent with Connolly and
Pearson (2007).

In the Piedmont, only the EPTBI and EPTN had agwpificant statistical correlation to
percent sand+silt and it was only marginally sao{&&). In addition, only the EPTBI
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and EPTN had any correlation to percent sand, vamlg the EPTN demonstrated any
correlation to percent silt (Table 2). All remaigiBMI metrics demonstrated no
significant relationship to percent silt, perceand, or percent sand+silt in the Piedmont
(Table 2). Unlike the findings in the Mountainse tRiedmont data are more consistent
with Anagradi 1999 and Zweig and Rabeni, 2001 wemahstrated that measures of
abundance are significantly correlated to increasittes of sedimentation among
naturally sediment laden central Missouri streafdgsin, the findings in the Piedmont
are likely related to the higher amounts of naturatcurring sand and silt found in the
level 1l Piedmont ecoregions and most of its lelekcoregions relative to the level 11l
Mountains and its associated level IV ecoregiondfita et al. 2002). Indeed,
differences among the mean values of percensaitigl, and sand+sip£0.0071,
p=0.0515, ang=0.0174, respectively) between the Piedmont andritéouns were all
statistically significant even though the Piedmsites with the highest percentages of
naturally occurring sand and silt (level IV Santthdcoregions, Griffith et al. 2002) were
removed from the analysis. Had sandhills sites lednded in this analysis the
significance of this statistical effect would haaeen much larger. Sandhills Level IV
ecoregions data were removed from consideratidhes® sites are naturally composed
nearly entirely of all sand (Griffith et al. 200&)d would therefore artificially skew the
analysis.

In the Mountains, although the EPTBI was slightlgrenrelated to habitat score, percent
sand, silt, sand+silt, and percent agriculturatied to the Bl (Table 3) the EPTBI (in
every instance and dataset excluding the Mountéooshills sites) had a much higher
CV than did the BI (Figure 9, Figure 10, Figure.1®3 noted previously, in instances
where parameters have both a high degree of cboreland a high CV (i.e., are
inconsistent) the strength of the correlation iskened and therefore parameters that are
both highly correlated and highly consistent (itaye a low CV) should be given the
greater weighting (Cuffney et al. 2007). This woundicate the Bl is superior to the
EPTBI in this dataset. Moreover, the differencensein the EPTBI and Bl among these
metrics was trivial and therefore the performanicine EPTBI and Bl for these variables
is relatively comparable in the Mountains. For epéamin the Mountain ecoregions,
ANOVA (F-Ratio) scores for the EPTBI and Bl were®@band 61.57 for habitat, 13.71
and 12.38 for percent agriculture, 16.34 and 16&2fercent grass/pasture, and 16.56
and 16.34 for percent grass/pasture+agriculturgectvely. Conversely, of all the
metrics and specifically relative to the EPTBI, Blewvas the most strongly associated
with percent forest/wetland and percent developedexample, for percent forest, the
ANOVA (F-Ratio) values for the Bl and EPTBI respeety were 306.33 and 162.58 and
for percent developed they were 85.36 and 62.56.fdtt that the Bl had a stronger
statistical correlation to the forest/wetland aeda@loped landuse types in both
ecoregions is significant as these two landusestia®e consistently been demonstrated
to exert the strongest negative and/or positivecefdn benthic macroinvertebrate
communities (Kerans and Karr 1994, Cuffney et @0® Paul and Meyer 2001, Weigel
2002, Black and Munn 2004, Moore and Palmer 200&tz¢r et al. 2006, Smith and
Lamp 2007, Carlisle et al. 2008). Therefore itrigo@al to select a metric that best tracks
this relationship (Karr et al. 1986, Lenat 1988, i$ldarg et al. 1997). Indeed, as
previously seen, these two landuse types combmbdve the strongest statistical effect

27



on all five of the benthic metrics in the Piedmantl Mountains and the percent
forest/wetland and percent developed landuse tyees also shown to have the
strongest correlation to habitat score and conditizin the Piedmont. In the Mountains,
habitat score was most strongly correlated to perfoeest/wetland although every other
landuse type (other than percent water) was atgfdyhcorrelated (Table 3). In terms of
conductivity, percent grass/pasture, percent grastidre+Ag, and percent forest/wetland
were most correlated to conductivity although evemaining landuse type (other than
barren and water) were also statistically signiftq@able 3).

In total, these data strongly suggest the Bl it performing, efficacious, and precise
metric for use in the establishment of biocritdaasmall streams in North Carolina’s
Piedmont and Mountain ecoregions. In addition, gighe Bl is advantageous relative to
the EPTBI, EPTS, and EPTN since in extremely apibgenically disturbed (or

naturally variable) streams there will likely beery reduced EPT fauna present since
these taxa are generally the most sensitive tafai and other forms of
physicochemical stress (Crawford and Lenat 198%kI et al. 1989, Lenat 1993,
Kerans and Karr 1994, NCDWQ 2006). As a resulhighly disturbed streams (either
disturbed naturally or anthropogenically) there ofien be zero, or at best too few EPT
(and non-EPT taxa present; Maloney et al. 2008eteerate a meaningful EPTBI, EPTS,
or EPTN metric and therefore comparing amongstlifdr intermediately impacted
sites) using these metrics will be highly limitededfectively impossible (Crunkilton and
Duchrow 1991, NCDWQ 2006). Moreover, whenever tRE R is at or below 30 (as
was the case in eight of the Piedmont sites; Tabjand five of the Mountain sites;
Table 11), the EPTBI and EPTS metrics have beenddo have little interpretive
meaning (NCDWQ 2006). In fact, this is the primeggison why in streams with known
or suspected (natural or anthropogenic) impacesERT method is generally not
recommended (NCDWQ 2006). This situation is analsgo BAU'’s current prohibition
on sampling streams with pH values less than oaledgu.0 as these sites will have such
low EPT and total taxa richness values (as wdlbasEPT and non-EPT abundances)
that the calculation of community metrics will latg lose meaning and context
(NCDWQ 2006). This will reduce the efficacy at whithese sites can be compared to
not only other low pH systems, but will also lirthiese streams from being effectively
compared to sites that have higher pH values sirmay not be possible to separate the
deleterious effects of low pH with those of antlogenic impact (NCDWQ 2006).
Moreover, the EPTBI and EPTS are less effectivlkafdiversity and abundance of more
tolerant invertebrate groups need to be evaludN&DWQ 2006). In addition, the Bl has
been shown to be more reliable than the EPTS meh@n assessing small streams
(Lenat 1993, Lenat and Barbour 1994, Stewart arat 1894) and biotic indices, multi-
assemblage (Carlisle et al. 2008) and compositéZwand Mcintosh 1999) measures
have repeatedly demonstrated their superior utility accuracy relative to other benthic
macroinvertebrate community metrics (Chutter 196es et al. 1981, Hilsenhoff 1982,
1987, 1988, Narf et al. 1984). Moreover, bioticioed have proven to be accurate
measures of water quality (Hilsenhoff 1987), ectayshealth (Karr 1991, 1993), and of
general stressors (Leant 1993).
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For example, immediately after clear-cutting, iras®s in EPT taxa occurred in streams
draining the clear-cut catchment, compared with ¢fia nearby reference stream
draining a protected forested catchment (Swift 1983llace et al. 1996). Several EPT
taxa normally confined to larger downstream segmealonized the stream draining the
clear-cut watershed without a significant loss eddiwater EPT taxa (Swift 1983,
Wallace et al. 1996). With forest regrowth, the twemof EPT taxa exhibited successive
declines compared to that of the reference stréasontrast, compared to the reference
stream, the BI correctly indicated decreased biolgntegrity immediately following
clear-cutting, which subsequently improved follog/fiorest regrowth (Swift 1983,
Wallace et al. 1996). Furthermore, other typesistidoance (e.g., low intensity
agriculture, riparian thinning, or pasture openagijomay also inflate EPT taxa richness
metrics as well as total taxa richness (S) in sstalams by increasing productivity
(NCDWQ unpublished data, Quinn 2000) and this respas consistent with the
subsidy-stress response (Odum et al. 1979). Coglyers these situations the Bl will in
most cases correctly reflect the decrease in bicddgtegrity (NCDWQ unpublished
data). Indeed, recent work in North Carolina frama#i headwater streams ranging in
size from 14 to 816 acres (640 acres equals *0has shown higher taxa richness
scores in impacted catchments relative to referaratersheds due to a disproportionate
increase in tolerant taxa (Burton 2004) while otstedies have shown that metrics
limited to only measures of EPT (e.g., EPTS, EPERTBI) are often lower in
headwater streams relative to larger downstreachesaand therefore may compromise
its use for biological monitoring in these smaB&eams (Lenat and Barbour 1994,
Stewart and Loar 1994). These data demonstrateldigve effectiveness of the Bl
versus measures of taxa richness for accuratedgsisg the integrity of benthic
macroinvertebrate communities (Burton 2004) anddeadditional support for its use in
the establishment of biocriteria for streams withinlage areas less than or equal to 3.0
mi?in North Carolina’s Piedmont and Mountain ecoregion

Figure 8. Coefficient of Variation (CV): Piedmont Coarse-Scale Disturbance
Classes.
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Figure 9. Coefficient of Variation (CV): Mountain Coarse-Scale Disturbance

Classes.
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Figure 10. Coefficient of Variation (CV): Foothills and Mountain Coarse-Scale
Disturbance Classes.
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Figure 11. Coefficient of Variation (CV): PiedmontFine-Scale Disturbance Classes.
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Figure 12. Coefficient of Variation (CV): Piedmont Fine-ScaleDisturbance Classes.

Coefficient of Variation (CV): Mountains and Foothi s Fine-Scale Disturbance Class

70

60

_.50

S

S

5 + B

-§ 40 W EPTBI
g EPTN
5

2 30 EPTS
o +5s

Q

5

[e]

(@)

20

10

0

Developed®  Mostly Developed Mixed Mostly Forest Forest (No Foothills) Forest (With Foothills)

*Only one sample obtained from “Developed” distudganlass and a CV could not be calculated. Additidata from the
“Developed” disturbance class will be collectedirsp2009 (See Section 13.0).
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Figure 12(A). Explanatory Graphic for Interpreting Overlap Diagrams:
(Figures 13-32, Pages 33-36).
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(8.0) Development of Piedmont and Mountain Biocritea Thresholds
Based on this information, the Bl was selectecuf® in the development of biocriteria
and a five-tiered bioclassification hierarchy (lthse the Bl) and derived from the
landuse data was developed from the originallyri@rip selected (coarse-scale)
reference, intermediate, and severe impact study gom both the Piedmont and
Mountains (sensu Karr et al. 1986, Lenat 1988, Wietg et al. 1997, sensu Eaton 2001,
Weigel 2002, Tate et al. 2005, Kratzer et al. 2@6jth and Lamp 2007, Carlisle et al.
2008).The sites comprising these coarse-scale disturbadasses were further
subdivided into five fine-scaled disturbance categgo(based on landuse data; sensu
Carlisle et al. 2008, Table 10 and Table 11) anckwieen sorted based on percent forest,
percent developed, percent grass/pasture, andnpergeculture. Percent water and
percent barren were excluded from this proceskesetlanduse types exhibited no effect
on any of the five BMI metrics tested in this stu@g a result of this sorting into
disturbance gradients based on the landuse datapthesponding Bl scores (Table 10,
Table 11) were then used as the basis for thetiived bioclassification thresholds (i.e.,
“Excellent”, “Good”, “Good-Fair”, “Fair”, and “Pod) that NCDWQ currently uses to
assign water quality (bioclassification) ratingsteeams greater than 3.0’tiNCDWQ
2006). These small stream thresholds are presbeeted for both the Piedmont (Table

4) and Mountains (Table 5).

Table 4. Piedmont Biocriteria Thresholds.

PIEDMONT Bl Values Number of Number of Samples
Bioclassification Samplesrf) Falling Outside of
Thresholds
= cellen </=4.36 17 1
Good 4.37-5.48 29 0
Good-Fair 5.49-6.02 6 0
Fair 6.03-6.98 5 0
2001 >/=6.99 5 0

Table 5. Mountain Biocriteria Thresholds.
MOUNTAIN Bl Values Number of Number of Samples

Bioclassification Samplesrf) Falling Outside of
Thresholds
= cellerit </=3.75 44 0
Good 3.76-4.99 6 0
Good-Fair 5.00-5.80 5 0
Fair 5.81-6.70 4 0
2001 >/=6.71 1 0
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The results of this process indicate that for tieelfront and the Mountains the Bl is not
only a powerful predictor of primarily deleterioaspositive landuse types (e.g.,
developed and forest) with corresponding disturbagradients (e.g., severe impact with
reference, Table 10 and Table 11) but the Bl is esy effective at predicting smaller
gradients of response in the invertebrate assemlble are associated with subtler (and
evenly or nearly evenly mixed landuse types) andesponding subtle disturbance
gradients (Figures 13-32, Table 10 and Table 1i1¢se findings are comparable to
previous work (Kerans and Karr 1994, Cuffney e2@D0, Paul and Meyer 2001, Black
and Munn 2004, Moore and Palmer 2005, Carlislé. &008) Indeed, not only were
(most) of the mean landuse percentages, habitegsomnductivity, Bl (and to a lesser
extent) most of the other four benthic macroinvaée metrics significantly different
between landuse-derived disturbance gradients ssatited bioclassifications
(separated by two bioclassification steps) in tieelfront (Table 6) and Mountains
(Table 8) but many of these parameters also exilsignificant differences among the
five (landuse-derived) fine-scale disturbance gaties and associated five-tiered
bioclassifications separated by only one step @@blTable 9). Specifically, 72.7% of
the means among the variables in the Piedmont anthidins (separated by two
bioclassification steps and disturbance classes significantly different (Table 6 and
Table 8) while 43.2% of the means were significadtfferent in the Piedmont and
60.6% of the means significantly different in thedmtains (when separated by only one
bioclassification and disturbance class step; Tapleable 9). The fact that the
differences in the means of these variables weaenatatistically significantly between
the various disturbance categories demonstratgaésence of “real” physical, chemical,
and biological differences among these sites aisde¢lhnique has been used previously
to demonstrate the same point (Carlisle et al. 2G6&hort, the statistically significant
differences in the means between disturbance grdétrongly support the creation of a
five-tiered bioclassification system. Converselynost of these parameters lacked
statistically significant differences between dibance gradients and associated
bioclassifications, then a five-tiered bioclassition hierarchy would not be supported.
Of particular note, relative to the S, EPTS, EPah] EPTBI, the Bl consistently
exhibited not only the strongest statistical deéfere (often wittp values <0.0001)
between the disturbance classes, but the Bl wastgtally significant in every instance
whereas the other metrics frequently were not @=619). . This further supports the
selection of the Bl as the preferred metric for iskiocriteria development in small
streams.
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Table 6. Piedmont Mean Landuse Differences by Fin8eale Disturbance Class:
Separation by Two Bioclassification Steps and Two iBturbance Classes.

Disturbance Class &
BIOCLASSIFICATION

EPTS

EPTN

EPTBI

Bl

Habitat

Conductivity

%
Forest

%
Developed

%
Grass/Pasture

%
Ag

Reference: Forest
(EXCELLENT)
TO
Intermediate: Mixed
Forest (GOOD-FAIR)

MEAN DIFFERENCE

p=0.7309

p=0.0744

p=0.0989

p=0.0059

p<0.0001

p=0.2144

p=0.2889

p=0.0544

p=0.4557

p=0.0210

p=0.8973

Reference: Mostly Fores
(GOOD)
TO
Impact: Mostly
Developed (FAIR)

MEAN DIFFERENCE

p=0.1817

p=0.0124

p=0.0238

p=0.0462

p<0.0050

p=0.1854

p=0.0320

p=0.0004

p=0.0008

p=0.0006

p=0.8950

Intermediate: Mixed
(GOOD-FAIR)
TO

Impact: Developed
(POOR)

MEAN DIFFERENCE

p=0.0491

p=0.0138

p=0.0270

p=0.0381

p<0.0001

p=0.0730

p=0.0566

p=0.0251

p<0.0001

p=0.8440

p=0.0223

Significant p values highlighted in yellow.
Borderline significant p values highlighted injorange.

Table 7. Piedmont Mean Landuse Differences by Fin8eale Disturbance Class:
Separation by One Bioclassification Step and One Bturbance Class.

Disturbance Class &
BIOCLASSIFICATION

EPTS

EPTN

EPTBI

Bl

Habitat

Conductivity

%
Forest

%
Developed

%
Grass/Pasture

%
Ag

Reference: Forest
(EXCELLENT)
TO
Reference: Mostly Forest]
(GOOD)

MEAN DIFFERENCE

p=0.2227

p=0.0007

p=0.0004

p=0.0032

p<0.0001

p=0.0377

p=0.0435

p=0.2162

p=0.3621

p=0.1057

p=0.4908

Reference: Mostly Forest|
(GOOD)
TO
Intermediate: Mixed
(GOOD-FAIR)

MEAN DIFFERENCE

p=0.9752

p=0.4347

p=0.2913

p=0.2992

p=0.0179

p=0.7809

p=0.2047

p=0.0092

p=0.0133

p=0.0186

p=0.0470

Intermediate: Mixed
(GOOD-FAIR)
TO
Impact: Mostly Developed
(FAIR)

MEAN DIFFERENCE

p=0.3386

p=0.1960

p=0.1480

p=0.1042

p=0.0091

p=0.0874

p=0.0056

p=0.0856

p=0.0010

p=0.0069

p=0.1123

Impact: Mostly Developed
(FAIR)
TO
Impact: Developed
(POOR)

MEAN DIFFERENCE

p=0.2445

p=0.2103

p=0.4021

p=0.3401

p=0.0200

p=0.5370

p=0.6945

p=0.1681

p=0.0318

p=0.2261

p=0.9502

Significant p values highlighted in yellow.
Borderline significant p values highlighted injorange.
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Table 8. Mountain Mean Landuse Differences by Fin&cale Disturbance Class:
Separation by Two Bioclassification Steps and Two iBturbance Classes.

Disturbance Class &
BIOCLASSIFICATION

EPTS

EPTN

EPTBI

Bl

Habitat

Conductance

%
Forest

%
Developed

%
Grass/Pasture

%
Ag

Reference: Forest
(EXCELLENT)
TO
Intermediate: Mixed
Forest (GOOD-FAIR)

MEAN DIFFERENCE

p=0.0928

p=0.0014

p=0.0005

p=0.0138

p<0.0001

p=0.0101

p=0.0094

p=0.0020

p=0.0139

p=0.0267

p=0.1956

Reference: Mostly Fores
(GOOD)
TO
Impact: Mostly
Developed (FAIR)

MEAN DIFFERENCE

p=0.7314

p=0.0056

p=0.0022

p=0.0433

p=0.0070

p=0.3446

p=0.2566

p=0.0057

p=0.0813

p=0.5651

p=0.6250

Intermediate: Mixed:
Developed
(GOOD-FAIR)
TO
Impact: Developed
(POOR)

MEAN DIFFERENCE

NAT

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Significant p values highlighted in yellow.
Borderline significant p values highlighted injorange.
1Not enough data to generate a meaningful t-test. 8&ection 13 For Further Information.

Table 9. Mountain Mean Landuse Differences by Fin&cale Disturbance Class:
Separation by One Bioclassification Step and One Bturbance Class.

DisturbanceClass &
BIOCLASSIFICATION

EPTS

EPTN

EPTBI

Bl

Habitat

Conductivity

%
Forest

%
Developed

%
Grass/Pasture

%
Ag

Reference: Forest
(EXCELLENT)
TO
Reference: Mostly Fores
(GOOD)

MEAN DIFFERENCE

p=0.0201

p=0.0013

p=0.0005

p=0.0009

p=0.0001

p=0.0220

p=0.1218

p=0.0042

p=0.2375

p=0.0307

p=0.0061

Reference: Mostly Fores
(GOOD)
TO
Intermediate: Mixed
(GOOD-FAIR)

MEAN DIFFERENCE

p=0.7984

p=0.0427

p=0.0117

p=0.2599

p=0.0014

p=0.5290

p=0.1631

p=0.0105

p=0.0459

p=0.0973

p=0.5930

Intermediate: Mixed
(GOOD-FAIR)
TO
Impact: Mostly
Developed (FAIR)

MEAN DIFFERENCE

p=0.0917

p=0.0819

p=0.0368

p=0.4716

p=0.0626

p=0.8747

p=0.1518

p=0.0155

p=0.1401

p=0.5888

p=0.9001

Impact: Mostly
Developed (FAIR)
TO
Impact: Developed
(POOR)

MEAN DIFFERENCE

NA?

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Significant p values highlighted in yellow.
Borderline significant p values highlighted injorange.
1Not enough data to generate a meaningful t-test. 8&ection 13 For Further Information.
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Although there is some variation in the landuse@etages between sites grouped into a
particular disturbance classes (Figure 33), thegeBl trends are tightly coupled to the
relative proportions of percent developed, pertamst/wetland, percent agriculture, and
percent grass/pasture in both ecoregiémgure 35, Figure 37, Table 10, Table 11). For
example, based on the Bl scores and resultantitenarthresholds, as you progress
“downward” from landuse percentages associated avitkxcellent bioclassification to
landuse patterns corresponding to a Good biocleadn the relative proportions of
percent development, agriculture, and grass/pastilirencrease while relative
proportions of percent forest/wetland will decredsterestingly, as you progress
downward from a Good bioclassification to a Good-Baclassification, while the
percent forest/wetland continues a decreasing tramdi percent developed continues an
increased trend, the proportion of their relatitiarges is less and this holds true for both
ecoregions (Figure 35, Figure J4@ble 10 and Table 11). As the rate of changeasédh
two landuse types lessens, the rate of changesipalcent agriculture and percent
grass/pasture proportionately increases. It is onbe you continue “downward” from

the Good-Fair bioclassification and associateduaedrends towards the Fair and Poor
bioclassifications do the percent agriculture, pactent grass/pasture landuse
percentages resume their downward progressionewgkiicent forest continues to
decrease and percent developed continues to irc(Emgire 35, Figure 3Table 10 and
Table 11). These landuse trends are consistentiingtbharacter of the resulting land use
disturbances and are reflected by the Bl-derivedlassifications.

For example, Bl scores associated with Excellemtlbssifications should have mostly

all forest, with little to no input from other lanse types that are related to disturbance
(Black and Munn 2004). Biotic index scores rela@&ood bioclassifications should
have slightly less forest with some of the differemeing increasingly comprised of
landuse types associated with disturbance (e.geloleed, agriculture, and
grass/pasture). Bl scores related to the GoodHtaatassification should include
guantities of landuse that have less percent dpedland less percent forest categories,
but rather there should be more “intermediate”a#fde.g., grass/pasture and agriculture)
present (Carlisle et al. 2008). Conversely, aBth&cores increase and associated
bioclassifications decrease to Fair and Poor,ahduse types that lack deleterious effects
on invertebrate communities (percent forest/wetl@idck and Munn 2004), or that have
lessened deleterious effects (grass/pasture amitigre; Carlisle et al. 2008) should
continue to decrease while the landuse type mdstai®us to invertebrate communities
(percent developed; Kerans and Karr 1994, Cuffiney}. 000, Paul and Meyer 2001,
Black and Munn 2004, Moore and Palmer 2005, Carbslal. 2008) should increase. As
can be seen iRigure 35, Figure 37Table 10, and Table 11his is the trend in both
ecoregions. Although the S, EPTS, EPTBI, and EPIEN macked these trends, (Figure
34, Figure 36), their much higher CV values (Figu8el2) and higher rates of overlap
(Figure 13-14, Figure 16, Figures 23-26, Figureg82Bbetween all disturbance gradients
(both coarse-scale and fine-scale) make them [gsswm relative to the Bl for use in
biocriteria development for small streams.
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Figure 33. Average Percent Landuse Comparisons Mot&in (A) and Piedmont (B)
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Figure 34. Piedmont Total Taxa Richness (S), EPTS, EPT Abundnace (EPTN),
Habitat, Conductivity and Landuse by Fine-Scale Dis  turbance Class.

MEANS:
Sewere Impact/Developed oS
m EPTS
Severe Impact/Mostly m EPTN
Developed _
O Habitat
Intermediate Impact/Mixed m Conductivity

@ % Forest

B % Deweloped
0% Ag

O % Grass/Pasture

Reference/Mostly Forest

Reference/Forest

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 35. Piedmont Biotic Index (Bl), EPTBI, and P ercent Landuse by Fine-Scale
Disturbance Class.
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Figure 36. Mountain Total Taxa Richness (S), EPTS, EPT Abundance (EPTN), Habitat,
Conductivity and Landuse by Fine-Scale Disturbance Class.
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Figure 37. Mountain Biotic Index (Bl), EPTBI, and P ercent Landuse by Fine-Scale
Disturbance Class.
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Table 10.Piedmont Study Sites: Raw Data. Five-Tiered Biotitndex Ranges Based on Sorting by Landuse: % Fores¥o

Intermediate
Impact/Mixed

Ut Haw R

Birch Fk

Wells Cr

Brushy Cr

L Rocky Run

UT Nicks Cr
MEANS
Reference/Mostly
Forest

Ut Tar R

Talbots Br

L Stonehouse Cr
Ut Powells Cr
Rattlesnake Cr
Parkwood Br
Little Rocky Cr
Jordan Cr
Jordan Cr

Ut L Buffalo Cr
Ut Bear Swp

N Pr Anderson Cr
N Pr Anderson Cr
Tanyard Cr
Arnett Br

Big Br

W Pr Juniper Cr
W Br Maclean Cr
W Br Maclean Cr
Bones Fk Cr
Bones Fk Cr

N Pr Anderson Cr
Dial Cr

Ut Drowning Cr
Hubquarter Cr
Crooked Fk

Little Cr

Negro Cr

Ut Talbots Cr

Reference/Forest

Forest/Wetland % Water % Grass/Pasture % Developed % Barren% Ag %

35.2 0.8 54.5 3.4

33.8 0.8 56.3 2.6

54.6 0.3 38.6 4.3

49.1 1.2 41.6 6.3
61.67 0 28.23 8.36
65.35 0.34 22.25 6.6

50.0 0.57 40.2 5.3

Forest/Wetland % Water % Grass/Pasture % Developed %

89.87 0 7.58 1.98
91.49 0 6.93 0.72
73.71 0.06 20.48 3.18

93.4 0 4.79 1.01
75.53 0.14 21.9 1.99
80.85 0.1 155 1.49
88.49 0 7.59 3.55
87.13 0 8.08 4.24
87.13 0 8.08 4.24
88.53 0 9.85 1.62
89.91 0 9.01 0
11.68 0 73.31 8.56
11.68 0 73.31 8.56
77.76 0.04 19.57 2.27
90.84 0 7.1 1.9
82.91 0 8.61 8.07
82.19 0 10.71 5.93
95.28 0 4.12 0.36
95.28 0 4.12 0.36
77.19 0 8.15 7.63
77.19 0 8.15 7.63
34.55 0 57.99 4.48
73.66 0.22 21.54 3.03
58.25 0.34 33.46 0.98
83.37 0 13.09 221
70.76 0 25.51 1.35
81.87 0 8.13 0.56
75.08 0.05 19.48 2.88
88.41 0.04 10.75 0.79

77.7

Forest/Wetland % Water % Grass/Pasture % Developed %

98.26
98.32
80.29
47.85
79.32
70.25
92.01
78.49

98.52
63.24
98.04
98.04
CLLe
86.6

0.03

1.65

8.3

0.09
0.76
0.97

10.76
1.33
9.25
0.44
4.47

0.79
3.3
0.63
0.63
(0]
2.4

0.2
0
0.1
0

0

0
0.05

Barren %

0.57

0
0.03
0.02

0
1.14
0.03
0.14
0.14

0

o
o
©

[=NeNeleloleloNeNoNeNe)

Barren %

45

Ag %

0
0.87
2.54
0.77
0.44
0.92
0.34
0.41
0.41

0
0.99
6.45

6.5
0.37
0.17
0.41
117
0.24

0.2
0.39
0.39
2.98
1.49
6.97
1.33
0.41
9.44

25

Ag %
(0]
(0]

2.3

Bl

Bl

Bl

5.54
5.76
6.02
5.55
5.71
5.74
5.72

5.29
5.57*
5.01
5.08
5.42
5.39
5.18
5.18
4.85
5.03
4.65
4.68
4.42
4.64
45
4.75
4.39
4.45
454
5.45
4.37
5.48
4.89
4.52
4.96
4.76
4.78
4.66
4.56

3.94
3.9
3.3

3.97

3.75

3.99

S
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*The Talbots Branch Bl (5.57) Exceeded the Minimuxcellent Threshold for th Level Ill Piedmon Ecoregions (Table 4).

EPTS EPTBI
18 46
20 5.4
13 5.7
26 3.9

5 405
4 341
143 451

EPTS EPTBI
14 297
20 488
22 386
14 285
16 45
24 461
31 413
15  4.83
22 375
18 4.81
24 401
20 313
12 292
27 3.1
33 3.6
20 335
1 3.38
23 357
21 373
13 341
21 227
22 416
23 385
20 301
27 42
14 327
21 418
20 417
25 394

EPTS EPTBI
3.07
3.54
3.78
2.72
3.62
2.93

28.4

Developed, % Grass/Pasture, and % AgricultureNote Overlap of the S, EPTS, EPTN, and EPTBI BetweeDisturbance Classes.

EPTN DA

EPTN DA
67
127

EPTN DA
99
151
149
58
163
93
172
97

Condo Habitat
0.5 25
24 70
2.7 97
2.1 81
0.3 24
1 18
15 525
Condo Habitat

0.4 44.3
0.5 92
1.2 48
1.75 113
1.8 89
2.9 71
2.9 56.6
2.8 39
2.8 49
2.9 80
0.7 92.2
0.88 17
0.88 15
0.95 58
1.2 52
1.3 15
1.4 11
1.7 47
1.7 48
2.2 14
2.2 19
2.82 25
2.9 73
1.23 24
2.9 61.8
2.52 52
2.6 60.5
2.62 87
2.4 78

Condo
47
50

Habitat

15
40

48
14




Table 11.Mountain Study Sites: Raw Data. Raw Data. FiveTiered Biotic Index Ranges Based on Sorting by Langse: % Forest,

% Developed, % Grass/Pasture, and % Agriculture.Note Overlap of the S, EPTS, EPTN, and EPTBI Betven Disturbance Classes.

Intermediate Impact/Mixed
Ut French Broad R
Moore Cr

Bat Fk

George Br

King Cr

MEANS
Reference/Mostly Forest
Ross Cr

Mud Cr

Peter Weaver Cr

Clear Cr

Cox Cr

Mill Cr

Reference/Forest

Forest/Wetland % Water %
37.28
61.41
21.73
46.9
46.18
42.7
Forest/Wetland % Water %
63.92
78.53
74.68
65.05
83.48
54.67
70.1
Forest/Wetland % Water %
97.79
96.96
94.15
87.26
88.31

0.04

0

Grass/Pasture % Developed %

22.47
20.16
30.71
34.8
7.82
23.2

37
18.43
43.54

18

45.8
32.6

Grass/Pasture % Developed %

3.31
12.61
12.81
28.46
12.27
37.55

17.8

32.68
7.51
11.72
5.32
3.53
6.34
11.2

Grass/Pasture % Developed %

2.01

0.2
0.84
5.85

10.73
3.16

Barren %

0.94

0.21

Barren %

0

0.04

Barren %

Ag %
2.31
0
3.7
0
0.2
1.2

Ag %
0.08
0.98
0.79
1.14
0.73
1.35
0.8

Ag %

S

S

S

EPTs EPTNEPTBI

16
16

9

9
12
12

EPTs

15
24
16
14
16
11
16

55
7
58
13
49
50

3.51
4.75
5.78
2.42
4.87

4.3

EPTNEPTBI

90
115
78
60
58
40
74

2.94
3.65
4.15
3.82
2.84
454

3.7

EPTs EPTNEPTBI

39
30
42
35
36

160
177
204
171
159

181
177
1.44
1.65
1.67

Bl
5.27
5.79

5.7
5.75
5.56
5.61

Bl
3.76
4.25
4.58
471
4.82

4.9

Bl
2.46
2.48
2.64
2.39
217

DA Condo

1.19
DA Condo

1.7
2.4
0.9

2

2.7
15

DA Condo
0.34
0.45

81
79
75
175
45
91

93
48
32
41
30
52

Habitat

Habitat

Habitat

88.31

3.16

39

184

2.01

2.53

86.2

35

32

155

iz

2.76

69.8

125

38

181

2.44

2.71

79.7
88.8
84.87
99.51
97.52
98.3
89.71
89.71
92.96
95.3
96.4

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

o o o

©
o
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8
1.6
7.05
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34
41
26
21
18
40
39
37
46
37
37
40
29
39
41
41
36
32
28
a4
33

142
229

82
102

72
185
163
173

176
156
205
128
155
223
176
112
167
136
266
154

2.05
2.42
2.68
2.21
1.18
213
2.89
3.18
2.79
2.34
1.79
2.87
2.45
3.25
3.03
2.29
1.46
1.78
1.47
1.24

2.2

2.87
3.07
3.62
PACK)

2.8
2.98
3.49
3.54
2.99
2,97
2.39
3.51
3.42
3.75
3.66
2.72
212
2.67

25
2,51
2.64

40

180

2.08

2.5

2.7

46

261

1.94

2.29

1.6

33

166

ildl

2.16

0.8
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Sites in Blue Indicate “Foothills” data. See Sectiv 13.0}
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32
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131
211
216
138
113
169
151
191
180
202
155
171

Ll
1.22
1.96
0.83
1.05
1.75
1.85
1.33

2.1
1.66

1.4
1.39

89

iLe)
191
2.38
1.94
2.16
271
2.35
212

2.6
2.35
2.23
2.38
2.67

0.8
0.8
0.9
0.3
0.3
1.8
1.8
1.6
1.6
1.6
1
1.2
1.18




(9.0) Results and Discussion: “Foothills” Versus Ridmont, and Mountain Data

One of the only disadvantages in using level I &vel IV ecoregion data occurs when
the coordinates for a given stream physically @ate a particular level Il (e.g.,
Piedmont) and level IV (e.g., Northern Inner Piedth@coregion yet the vast majority of
its watershed actually lies in a different level(d.g., Mountain) and level IV (e.qg.,
Southern Crystalline Ridges and Mountains) ecoreditiis scenario often causes
difficulty in choosing the correct biocriteria tisteolds for assessing the stream as
defensible arguments can be made for using eitfwemithin or Piedmont criteria in this
instance (NCDWQ 2006). A similar dilemma has bemmt for a small subset of sites
during the course of this study. Unfortunatelysttén be a crucial decision since in
North Carolina benthic macroinvertebrate metricgehlaeen demonstrated to vary
substantially between ecoregions (Lenat 1993).

A small portion of the reference streams sampledhis study were arbitrarily deemed
as “foothills” sites for the fact that they weredded very close to the level 1ll Mountain
ecoregion even though the actual sampling pointlaaed in a level 11l Piedmont
ecoregion (Figure 38). Similarly, other sites wehgsically located in a level 11l
Mountain ecoregion but were surrounded almost&mtby level Il Piedmont (Figure
38). Additionally, some of these foothills sites wereygpically located in the level 11l
Piedmont ecoregion (level IV Northern Inner Piedthdit portions (to varying degrees)
of these streams’ respective watersheds actuallyded a different level 11l (Mountain)
and level IV ecoregion (Sauratown Mountains; Figg®g These streams include
Cascade Creek and Indian Creek. The remainingiftsogites (Garrison Creek, UT
Double Branch, Lambert Fork, Poplar Creek, and Retie Creek) are both physically
located (and whose entire catchment is containddnyithe Mountain level I

ecoregion (Eastern Blue Ridge Foothills level IMregion) but which are actually
encompassed almost entirely by level Il Piedmaatregion and also have lower
elevations relative to other Mountain level Ill degel IV ecoregion (e.g., Southern
Crystalline Ridges and Mountains; Figure 38, Figg@eTable 12). While these sites are
technically located in the level Ill Mountain ecgren their extremely close proximity to
the level 1l Piedmont ecoregion make these siti@stion as ecotonal transitional zones
between the Piedmont and Mountains. For examplef Hie foothills sites contained
core Mountain taxa, and yet some of their Bl scgresip closer to the Piedmont
reference Bl data, while others group closer toMloeintain reference dat&igure 40,
Table 12).In addition, the foothill reference sites (level B¢oregions: Sauratown
Mountains, Eastern Foothills, Northern Inner Piednriffith et al. 2002) all have
lower elevations versus sites located within tkeedl 11l Mountain) level IV Southern
Crystalline Mountains and Ridges, and Southern Béstanmentary Mountaingigure 40,
Table 12,Griffith et al. 2002).This elevation difference suggests why most of the
foothills (Sauratown Mountains, Northern Inner Pexht, Eastern Foothills) reference
level IV Piedmont sites have higher Bl scores redato the Southern Crystalline
Mountains and Ridges, and Southern MetasedimeManntains level IV Mountain
reference sites (Figure 40, Table 12), while tobkise proximity to these level 1lI
Mountain ecoregions explain the presence of coraritiin taxa. This elevation gradient
also explains why the foothills sites have loweisBbores relative to other (non-foothills)
level Il and level IV Piedmont data (Figure 42 bl@12). This hypothesis is strongly
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supported by the data presentedFigure 42, which demonstrates a strong relationship
between elevation and biotic index and is consistéth past findings (Eaton and Lenat
1991, Lenat 1993, Cuffney et al. 1997, Cuffneyle2@00, NCDWQ 2006, Carlisle et al.
2008).

Although valid arguments can be made for placirigresce foothills sites with either the
Piedmont or Mountains reference dataset, the roggatdl place for these transitional
data is with the Mountains reference data. Thieg®@mmended primarily due to the fact
that if core Mountain taxa are present in a samplgardless of where that sample was
obtained, it is (in nearly all instances) curremtiyed using Mountain criteria (NCDWQ
2006). The only exceptions to this practice areegmé disjunct occurrences Dfunella
walkeri in Coastal Plain reaches of the lower Tar Rivelggcombe and Nash Counties)
andCeratopsyche sparna andEpeor us rubidus from streams located in close proximity to
the Uwharrie Mountains in Montgomery and Stanly @tas in the Piedmont. Therefore,
since the foothills sites evaluated for this resleall contained core Mountain taxa, were
all located very close to or actually within levIMountain ecoregions (and would
therefore be rated using Mountain criteria as peébWQ 2006), and had Bl values most
similar to the Mountain values, the foothills datere ultimately deposited within the
Mountain dataset.
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Table 12. Level IV and Level Il Reference Elevatia and Biotic Index Data.

Level lll Level IV Elevation
Stream Ecoregions Ecoregions County (Ft) Bl
“Foothills”
Cascade Cr Piedmont Sauratown Mountains Stokes 1018 28
UT Mill Cr Piedmont Sauratown Mountains Stokes 891 2.99
Indian Cr Piedmont Sauratown Mountains Stokes 940 2.39

Lynn Br Piedmont Northern Inner Piedmont Stokes 710 3.75
Racoon Cr Piedmont Northern Inner Piedmont Stokes 769 3.66
Hickory Cr Piedmont Northern Inner Piedmont Rockingham 834 3.49
Hickory Cr Piedmont Northern Inner Piedmont Rockingham 834 3.54
Wood Benthon Cr Piedmont Northern Inner Piedmont Stokes 704 351
UT Dobbins Cr Piedmont Northern Inner Piedmont yadkin 1,139 359
Mountains
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Table 12. Level IV and Level Il Reference Elevatia and
Biotic Index Data.
Level IlI Level IV Elevation

Stream Ecoregions Ecoregions County (ft) Bl

North Prong Anderson Cr Piedmont Sandhills Harnett 221 4.42
North Prong Anderson Cr Piedmont Sandhills Harnett 221  4.68
Big Branch Piedmont Sandhills Richmond 317 475
Millstone Cr Piedmont Sandhills Richmond 379  4.35
UT Drowning Cr Piedmont Sandhills Moore 510 4.52
W Pr Juniper Br Piedmont Sandhills Scotland 300 4.39
UT Hitchcock Cr Piedmont Sandhills Richmond 304 435
Joes Cr Piedmont Sandhills Richmond 292 3.79
Joes Cr Piedmont Sandhills Richmond 292  4.36

Bones Fk Cr Piedmont Sandhills Richmond 327 437

Tanyard Creek Piedmont Southern Outer Piedmont  pavidson
Negro Creek Piedmont Southern Outer Piedmont  caswell
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Figure 40. Biotic Index by Elevation: Level IV Ecoregions of the Mountains and

Piedmont.
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Ecoregions generally denote areas of similaritgaasystems as well as the type, quality,
and quantity of environmental resources (Griffittale 2002). Ecoregions are designed to
function as a spatial framework for research, asseat, management, and monitoring of
ecosystems and components of ecosystems (Griffah 2002). By classifying the

spatial differences in the capacities and potenfi@cosystems, ecoregions stratify the
environment by its probable response to disturbéBogce et al. 1999). These general
purpose regions are critical for structuring anglementing ecosystem management
strategies across federal agencies, state ageangsongovernmental organizations that
are responsible for different types of resourcdbiwithe same geographical areas
(Omernik et al. 2000). A Roman numeral hierarchgyastem has been developed for
different levels of ecological regions. Level ke coarsest level dividing North America
into 15 ecological regions, level Il divides thentiaent into 52 regions, while level Il
further divides the continent into 104 ecoregid@sffith et al. 2002). The level IV
ecoregions division is the finest scale and in N&@&arolina there are 27 level IV
ecoregions (Griffith et al. 2002). Previous worKanger North Carolina streams
(generally drainage areas greater than 3)0deimonstrated a significant difference in
bioclassification thresholds between the Mountaeirel Ill, Piedmont level Iil, and
Coastal Plain level Il Ecoregions (Lenat 1993)t Ewample, minimum Excellent
bioclassification thresholds (based on the Blhie Mountain level Il Ecoregions must
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be less than 4.00, while minimum Excellent thredaah the Piedmont level 1l must be
less than 5.14, and in the Coastal Plain leveghBIminimum is 5.42 (Lenat 1993,
NCDWQ, 2006). Relative to the Bl scores from largigeams, minimum Excellent Bl
thresholds in the Mountain level Il Ecoregions $onall streams were lower (less than or
equal to 3.75), and this was also the case foPid@mont study sites (less than or equal
to 4.36). As previous investigations in North Caraland the southeast have
demonstrated, the Bl (Lenat 1993) and invertetaasemblages in general (Feminella
2000) vary substantially by level Il Ecoregion. démlying drivers of this pattern are
likely a combination of temperature and elevatiben@at 1993, Poff 1997, Vinson and
Hawkins 1998, Cuffney et al. 2000, Feminella 2a88wkins et al. 2000, Carlisle et al.
2008). These findings generally support the physicaditions observed at most of the
Mountain and Piedmont reference streams sampletiifostudy. In general, and
particularly in the Mountains, these small headwsiieeams were 1-2 meters in width
with an enclosed (or largely so) riparian canogyisTintense shading, coupled with the
naturally close proximity of these headwater streémrtheir (cooler in temperature)
groundwater sources (Alexander et al. 2007) woelg bxplain the lower minimum BI
score thresholds established for small Piedmonfmahtain streams relative to
thresholds for larger streams in these ecoregions.

(11.0) Seasonal Effects

Piedmont

All of the Piedmont sites were taken from the refee dataset. Wood Run was sampled
on three occasions: once in early April, once imydday, and once again in early June.
As Figures 53-54 depict, there were no substacdiiahges in the invertebrate community
and there were no changes in the bioclassificdtedaween sampling events at this
location. West Branch Maclean Creek (Figure 49-&0Q3§ Dutchmans Creek (Figure 47-
48) were each sampled in early May and then agagaily June and there were no
changes in bioclassification noted and little vis@imamong the BMI metrics from these
months. Hickory Creek (Figure 51-52), Garrison Rr@égure 45-46), and North Prong
Anderson Creek (Figure 43-44) were sampled in esplyl and then again in early May
with no change in bioclassification measured betwssampling events and little change
among the BMI metrics through time. Jordan Cree& sampled in late April and then
again in early June. As was the case with all ofhedmont sites sampled for seasonal
effects, there were no changes in bioclassificadiomn little overall change in the BMI
metrics temporally (Figure 41-42).

Mountain

Five Mountain reference sites were examined fos@ea effects: Reedy Branch (Figure
61-62), Singe Cat Branch (Figure 55-56), Bartlettek (Figure 57-58), Roses Creek
(Figure 59-60), and Bee Rock Creek (Figure 63-6#)ge Cat Branch, Bartlett Creek,
and Roses Creek were all sampled in late Apriltaed again two months later in late
June and there were no substantial alteratiortseimnivertebrate communities and (with
the sole exception of the 6/21/2005 sample at ROsesk) there were no changes in
bioclassification between months at these sites.6/81/2005 Roses Creek sample
produced a Bl of 2.71 and was therefore just OM@r the proposed minimum threshold
(2.70) for an Excellent bioclassification for Moamt sites. Reedy Branch and Bee Rock
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Creek were each sampled on three occasions: oatiApril, once in late May, and
once again in late June. The results of these sanfipither indicate a stable invertebrate
community and none of these samples changed bsoitasion.

Overall, the Mountain and Piedmont sites exhibitedy little change in community
metrics between the months examined and (withxbepion of the Roses Creek sample
which only exceeded the minimum Excellent Mountaioclassification threshold by
0.01) there were no changes in bioclassificatiorsummary, there were a total of 11
sites from the Mountains and Piedmont sampleddimpbral repeatability between the
months of April, May, and June. Only one of theises§Roses Creek, 6/21/2005)
resulted in a different bioclassification from @pous sample. As a result, the temporal
repeatability rate of this data set is 91.6%. Cstesit temporal repeatability is an
important requirement for the validation of bioerit and previous standards of
acceptable levels of temporal repeatability haslset at 90% for estuarine waters
(Eaton 2001).

Figures 41-54. Piedmont Seasonality Samples.

Piedmont Reference Seasonal Comparison: Bland EPTB | (Jordan Creek)

Figure 41.

Bl (4/21/2006) EPTBI (4/21/2006) Bl (6/9/2005) EPTBI (6/9/2005)
Date

Piedmont Reference Seasonal Comparison: S, EPTS,an  d EPTN (Jordan Creek)
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Figure 42. w0l
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S (4/21/2006) EPTS (4/21/2006) EPTN (4/21/2006) S (6/9/2005)  EPTS (6/9/2005) EPTN (6/9/2005)
Date
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Figure 43.

Figure 44.

Figure 45.

Figure 46.

Figures 41-54. Piedmont Seasonality Samples (Contied).

Piedmont Reference Seasonal Comparison: Bland EPTB | (North Pr. Anderson Cr)

BI (4/5/2006) EPTBI (4/5/2006) B (5/16/2005) EPTBI (5/16/2005)
Date

Piedmont Reference Seasonal Comparison: S, EPTS, and EPTN (N Pr Anderson Cr)

S (4/52006)  EPTS (4/5/2006) EPTN (4/5/2006) S (5/16/2005) EPTS (5/16/2005) EPTN (5/16/2005)
Date

Piedmont Reference Seasonal Comparison: Bland EPTB | (Garrison Creek)

B (4/19/2005) EPTBI (4/19/2005) BI (5/22/2006) EPTBI (5/22/2006)
Date

Piedmont Reference Seasonal Comparison: S, EPTS,an d EPTN (Garrison Creek)

o
S (4/19/2005) EPTS EPTN S (5/22/2006) EPTS EPTN
(4119/2005)  (4/19/2005) (5/22/2006)  (5/22/2006)

Date
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Figure 47.

Figure 48.

Figure 49.

Figure 50.

Figures 41-54. Piedmont Seasonality Samples (Contied).

Piedmont Reference Seasonal Comparison: Bland EPTB | (Dutchmans Creek)

Bl (5/11/2005) EPTBI (5/11/2005) BI (6/16/2005) EPTBI (6/16/2005)
Date

Piedmont Reference Seasonal Comparison: S, EPTS,an  d EPTN (Dutchmans Creek)

S (5/11/2005)  EPTS (5/11/2005) EPTN (5/11/2005) S (6/16/2005)  EPTS(6/16/2005) EPTN(6/16/2005)
Date

Piedmont Reference Seasonal Comparison: Bl and EPTB | (W Br Maclean Cr)

BI (5/3/2005) EPTBI (5/3/2005) BI (6/6/2005) EPTBI (6/ 6/2005)
Date

Piedmont Reference Seasonal Comparison: S, EPTS,an  d EPTN (W Br Maclean Cr)

S (5/3/2005) EPTS (5/3/2005) EPTN (5/3/2005) S (6/6/2005) EPTS(6/6/2005) EPTN(6/6/2005)
Date




Figure 51.

Figure 52.

Figure 53.

Figure 54.

Figures 41-54. Piedmont Seasonality Samples (Contied).

Piedmont Reference Seasonal Comparison: Bland EPTB | (Hickory Creek)

BI (4/18/2006) EPTBI (4/18/2006) BI (5/31/2005) EPTBI (5/31/2005)
Date

Piedmont Reference Seasonal Comparison: S, EPTS,an  d EPTN (Hickory Creek)
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BI (4/7/2006) ~ EPTBI  BI(5/11/2005)  EPTBI Bl (6/16/2005)  EPTBI
(4/712006) (5/11/2005) (6/16/2005)

Date

Piedmont Reference Seasonal Comparison: S, EPTS,an  d EPTN (Wood Run)
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Figure 55.

Figure 56.

Figure 57.

Figure 58.

Figures 55-64. Mountain Seasonality Samples.

Mountain Reference Seasonal Comparison: Bland EPTB | (Singe Cat Creek)
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Figures 55-64. Mountain Seasonality Samples (Contied).

Mountain Reference Seasonal Comparison: Bl and EPTB
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Figure 59.

Mountain Reference Seasonal Comparison: S, EPTS,an  d EPTN (Roses Creek)
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Figure 60.

Mountain Reference Seasonal Comparison: Bland EPTB | (Reedy Branch)
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Figures 55-64. Mountain Seasonality Samples (Contied).
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(12.0) Conclusions

Regardless of ecoregion or disturbance class, tiad@the lowest CV relative to the
EPTS, EPTBI, EPTN, and S, and was also the mamtgiiy correlated to two of the most
important determinants on water quality and thédgjical integrity of benthic
macroinvertebrate communities: percent forest/weti@nd percent developed. In
addition, the Bl was essentially equivalent in parfance to the EPTBI among Mountain
sites in response to percent agriculture, percamd,spercent sand+silt, and habitat score,
but significantly outperformed the EPTBI in the Mains when it came to correlation to
percent grass/pasture, ag+grass/pasture, and dostyuend in the Piedmont the Bl was
most strongly correlated to habitat and was conipanaith the EPTBI in terms of
correlation to conductivity. Moreover, the Bl exitdal no overlap among the coarse or
fine-scaled disturbance classes in the Mountai&eatmont. Conversely, in both the
Piedmont and Mountains, the S, EPTN, EPTS, and EB&Bonstrated significant
overlap between the landuse derived coarse-scaldjree-scale disturbance classes.
Consequently, of the five BMI metrics examinedtfas study only the Bl was capable
of reliably distinguishing between the worst andttsites, as well as between sites with
only subtle differences in disturbance gradients.
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(13.0) Future Work

Although this is a large dataset, it is not compredive. To this end, there are some
disturbance classes within the level IV and lelled¢oregions that are (to varying
degrees of severity) somewhat underrepresented Tiaese would include (in
approximate order of priority): 1) severe impaceams in the Mountains , 2)
intermediate impact sites in the Mountains, 3)sewapact streams in the Sandhills level
IV Ecoregions, and 4) reference Piedmont sampkasicplarly outside of the Uwharrie
National Forest area. In terms of additional seakdata, repeat sampling from a subset
of reference Piedmont and Mountain sites in Maruh @o a lesser extent) June as well
as July and August in an effort to expand the sstedlams sampling window. In
addition, it should be the ultimate goal of thisthoelology to evaluate how these
invertebrate communities vary throughout the caderygar so that these systems could
eventually be sampled at anytime. While there wgsal overall range of drainage areas
sampled in this study, additional effort shouldfbeused on streams that are < 0.3mi
However, accurately finding such sites can bedliffidue to poor map resolution and
limitations to GIS-accuracy at these very smaltkatent scales.
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