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Executive Summary 
 
The North Carolina Ecosystem Enhancement Program selected an unnamed tributary 
to Crab Creek (designated as Class C, Trout) in Alleghany County for a stream and 
wetland restoration project to improve water quality and other ecosystem attributes.  
The project involves the restoration, enhancement and preservation of 6,781 linear feet 
of channel and riparian area and 16.5 acres of wetlands within a sub-watershed area 
that drains approximately 2.7 square miles.  The restoration project was completed in 
June 2010. 
 
This report describes and summarizes water quality chemistry and benthic 
macroinvertebrate data collected over a 13-month period from May 2007 through June 
2008 prior to construction of the stream restoration project.  The data serve as baseline 
conditions upon which to measure anticipated water quality benefits after the stream 
restoration project is completed.   
 
The sub-watershed was divided into three catchment areas to distinguish water quality 
conditions upstream and downstream of the restoration project.  Catchments were 
designated as either A or C (upstream of project) or B (project location).  Because the 
restoration site (Catchment B) was spatially located downstream of two other drainage 
catchments (A and C), load balances were performed to differentiate the relative 
contribution of nutrients and sediment from each catchment. 
 
Land use within the sub-watershed was rural and included livestock operations (cattle, 
horses), pasture/hay fields, row crops, small plots of Christmas trees and vegetable 
production (pumpkins and cabbage).       
 
Samples for nutrients (ammonia-nitrogen, total Kjeldahl-nitrogen, nitrite/nitrate-nitrogen, 
total phosphorus) and total suspended residue or solids were collected during baseflow 
conditions throughout the monitoring period on approximately a monthly basis.  Four 
storm events were monitored over that same period.   
 
Mean concentrations for all nutrients in Catchment C were somewhat higher than in 
Catchments A and B for both baseflow and storm flow conditions.  The sources were 
most likely cattle and fertilizer applications within Catchment C.  Catchment B had lower 
nutrient mean values possibly reflecting nutrient cycling processes (uptake and 
retention, nitrification and volatilization) combined with dilution from Catchments A and 
B. 
 
Nitrite/nitrate loads (lbs/acre/day) were estimated for each catchment in baseflow 
conditions over the entire period and seasonally to differentiate the relative contribution 
of each catchment.   A seasonal pattern for nitrite/nitrate was observed with higher 
loads generated during the cooler months (October - March) for all catchments.  
Seasonality was strongest for Catchment B-only, which exported the least of all 
catchments during the warm season (May – September).  Over the entire period, 
Catchment B-only exported the least amount.  In storm conditions, Catchment C 
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exported the highest total phosphorus and total suspended residue load 
(lbs/acre/event).  Catchment A exported the least. 
 
Water temperature data were recorded between June 15 and November 8, 2007 in 
each catchment except for Catchment C, where monitoring began on July 31, 2007. 
Three data loggers were used, one in each catchment.  A fourth data logger provided 
barometric reference data for pressure compensation purposes and recorded air 
temperatures.   
 
Mean water temperatures for the period July 31, to November 8, 2007 among 
catchments were similar but highest in Catchment C.  During August, water 
temperatures in all three catchments often exceeded the water quality standard (20°C) 
for Trout Waters.  However, it was only Catchment C that exceeded the standard with 
respect to the monthly average.  Lower temperatures in Catchments A and B may have 
been due to larger volumes of groundwater discharge (due to larger drainage area) and 
segments of riparian vegetation that provided canopy and shade along the stream 
riparian zone.   
 
Stream-air temperature relationships were established at the most downstream location 
in Catchment B.  Based on weekly means, air temperatures were 2.3 °C greater than 
water temperatures during the warmer months indicating thermal moderation effects of 
the existing groundwater discharge. This relationship may be affected in the future by 
improved riparian shading, enhanced hydrologic connections and improved wetland 
functions. 
 
With respect to water temperatures, by establishing stream-air temperature 
relationships downstream of the restoration project it was possible to assess the effect 
that shade and groundwater discharge had on moderating stream temperatures in 
relation to hydrologic conditions.  A change in this stream-air relationship relative to 
hydrologic conditions in the future may, over time, signal a change in water quality (as 
reflected by stream temperature) due the restoration project. 
 
Benthic macroinvertebrate samples were collected in October 2007, one for each 
catchment.  Two other sites outside but nearby the project area were sampled as well.  
One site was in the mainstem of Crab Creek and another site used as a biological 
reference in Brush Creek.   
 
Overall, the benthic communities in the project area indicated Good to Good-Fair water 
quality.  Bioclassifications for the three sites in the project area ranged from Not 
Impaired (Catchments A and C) to Good (Catchment B).  Long lived stoneflies were 
collected from Catchments A and C (upstream of the restoration area in Catchment B) 
indicating perennial streams.  Although habitat scores at the project location site scored 
the lowest of the five sites, a Good bioclassification was assigned based on the benthic 
community.  The number of EPT taxa collected here was close to the number collected 
in Brush Creek and the EPT Biotic Index was lower, indicating a biological community 
less tolerant to pollution than in Brush Creek, the comparison site.  Cattle access to the 
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stream in Catchment C may likely be impacting water quality periodically preventing a 
more diverse aquatic community.  
 
Edge taxa were scarce or absent at all five sampling locations.   At the time of sampling, 
the drought classification for this area of the state was ―D3-Extreme Drought‖ and this 
may have affected the edge habitats and the taxa typically collected in these locations 
since many roots and edge plants were not submerged at the time of sampling.  
 
Total habitat scores were similar for Catchments A and C (81 and 82 respectively).  The 
total habitat score for Catchment B was 55.  Metrics that contributed the low total habitat 
score included degraded riparian conditions, a lack of shading and channelization.   
 
During 2007 North Carolina experienced a prolonged and severe drought.  These 
conditions likely influenced baseflow concentrations, water temperatures, and benthic 
macroinvertebrate assemblages (i.e., lack of edge taxa).  However by assessing load 
data for each catchment it was possible to establish the relative differences among the 
three catchments.  It is the modification of the relative differences or relationships 
between catchments that may signal a change in water quality as a result of the 
restoration project regardless of, but in light of, hydrologic conditions over the 
monitoring period. 
 
The data collected for this report describe existing water quality conditions in terms of 
nutrient and suspended sediment export, air/water temperature relationships, aquatic 
habitat and benthic macroinvertebrate communities.   The data indicated that conditions 
were not pristine and that there is room for improvement.  The restoration project will 
likely improve ecosystem structure (stream and wetland features), but it remains to be 
seen if it will improve water quality and benthic community indicators.  
 
It was recommended that stream post-restoration water quality monitoring be conducted 
to begin collecting data that can be used to compare with the data collected for this 
report to assess whether or not a change in water quality indicators is occurring as a 
result of the stream restoration project.  Water quality monitoring should include monthly 
base flow nutrient analyses and 24-hour stream level and air/water temperature 
measurements for three to five years post-construction.  We also recommend 
conducting aquatic habitat and benthic macroinvertebrate assessments at least every 
two years post-construction.   
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Introduction 
 
This document summarizes water quality monitoring and assessment data collected by 
the North Carolina Division of Water Quality (NCDWQ) Watershed Assessment Team 
(WAT) for an unnamed tributary to Crab Creek (UTCC) in Alleghany County between 
May, 2007 and June, 2008 (Figure 1). These data were collected prior to the 
construction (August 2009-June 2010) of a stream restoration project conducted by the 
North Carolina Ecosystem Enhancement Program (NCEEP).  The data will be used as 
a basis upon which to compare data collected after the restoration project is completed, 
in order to ascertain any ecological improvements as a result of the restoration project.  
This project is associated a Local Watershed Plan (LWP) for the Little River and Brush 
Creek watershed developed by the NCEEP1.  
 
There is broad consensus that measuring success of restoration projects is essential, 
but methods to systematically and appropriately determine success remain elusive 
(Ryder and Miller, 2005).  Detecting a change in water quality is a challenge due to the 
variability in climatic and hydrological factors and changes in upstream land use 
practices during the monitoring phase.  As with monitoring best management practices 
(BMP) for nonpoint source pollution, it would require several years of data collection 
prior to and following a restoration project to adequately quantify targeted parameters 
and to account for variability (Spooner and Line 1993).  However, Spooner and Line 
(1993) also suggest that the time frame required for small watersheds with relatively few 
pollutant sources may be shorter  
 
There are two questions which monitoring for stream and riparian restoration address.  
First, monitoring for stream channel stability (e.g. measurements of channel cross-
sections) and vegetation establishment (e.g. % survival) is required by regulatory 
agencies for issuance of mitigation credits.  Examples of these monitoring reports are 
available through:  http://www.nceep.net/business/monitoring.  This type of monitoring is 
almost always conducted for a five year period after a restoration project is completed. 
 
Secondly, monitoring is essential to show if there are any ecological improvements. 
(Currently, this type of monitoring is not required by regulatory agencies.)  For example, 
does planting riparian vegetation improve benthic macroinvertebrate communities or 
mitigate nutrient loading?  Monitoring to show ecological improvements often takes 
much longer (e.g. 5-15 years) than monitoring for stream stability/vegetation 
establishment.  Orzetti, et al. (2010) conclude ―… that forest riparian buffers enhance 
instream habitat, water quality, and resulting benthic macroinvertebrate communities 
with noticeable improvements occurring with 5-10 years postrestoration, leading to 
conditions approaching those of long established buffers within 10-15 years of 
restoration.‖ 
 
Thus, this study provided a summary of the pre-restoration monitoring/assessment data.  
A monitoring plan (NCDWQ, 2007a) provided details on how the monitoring was 

                                            
1
 http://www.nceep.net/services/lwps/pull_down/by_basin/New_RB.html 

http://www.nceep.net/business/monitoring
http://www.nceep.net/services/lwps/pull_down/by_basin/New_RB.html
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conducted. The objectives were to use pre-restoration data to compare with post-
restoration data to provide evidence of a change in water quality as a result of the 
construction of the restoration project.  The stated goals of the monitoring plan were:2 
 

 Identify water quality problems (e.g., toxic to aquatics) that may exist 
relative to fungicide use (mancozeb) on pumpkins.    

 Provide baseline information that could serve as a basis upon which 
anticipated changes in water quality could be measured.  These changes 
include demonstrating decreases in nutrient and total suspended residue 
loading, and possible changes in thermal conditions measured by 
differences in mean weekly air and water temperatures. 

 Detect changes in benthic macroinvertebrate biotic indices or 
bioclassifications; or an increase or decrease of certain water quality 
indicator species. 

 Provide evidence of improved habitat function.  This may be evidenced by 
a favorable change in benthic assemblages, for example the return of 
certain keystone species or habitat specialists (Penrose, 2003) or by 
improvement of overall habitat and microhabitat heterogeneity (e.g., less 
riffle embeddedness, increased pool variety).  

 
Technical aspects of the restoration project were provided by KCI Technologies (2007) 
in their restoration plan.   Briefly, the project involved the restoration of 4,026 linear feet, 
preservation of 2,172 linear feet and 583 linear feet of enhancement.  In addition, 16.5 
acres of wetlands will be preserved, enhanced and restored.  The channel was 
described as unstable with eroding banks.  Excessive sediment was noted in several 
sections.  Vegetated buffers were sporadic and portions lacked a forested buffer.  
Historic channelization increased sedimentation due to down- cutting and widening of 
the stream.  Stated goals for restoration included (KCI Technologies, 2007): 
  

 Improve water quality for Crab Creek.  

 Enhance and preserve riparian buffers. 

 Enhance aquatic and terrestrial habitat. 

 Improve wetland functions. 

 Improve and expand wetland habitat for Clemmys muhlenbergii (bog 
turtle), a Federally Threatened Species.  

                                            
2 The above goals were modified as monitoring and data collection progressed.  For example, fungicides were not 

applied because pumpkins were not planted in 2007; therefore, samples were not analyzed for mancozeb.  To avoid 
duplicative efforts, BEHIs were not conducted by WAT because the consultant had completed in-depth channel 
stability assessments in April 2007 (KCI Technologies, 2007).  
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Figure 1.  Site map. 
Location of the UT to Crab Creek project. (The three red dots represent sample locations within the project area.) 
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Description of Sub-Watershed and Catchments 
 
The project is located approximately 16 miles east of the Town of Sparta on NC 18 and 
about six miles west of the intersection of NC 89 and NC 18 in Alleghany County, NC.  It 
is situated within the New River subbasin, designated as 05-07-03 by the NCDWQ, and 
within the Little River (USGS 14-digit HU code 05050001030020), northwest of the Blue 
Ridge Parkway.  (See Figure 1, page 3.)  The UTCC project site falls within a priority 
sub-watershed (Crab Creek) of NCEEP‘s LWP.   
 
The UTCC is designated by NCDWQ as Class C with a Trout waters supplemental 
classification.  It drains to the state designated High Quality Waters (HQW) of the Little 
River.  The Little River drains to the federally designated Scenic Waters of the New 
River. 
 
Figure 2 and Table 1 below provide a description of the three catchments (A, B and C) 
that together form the larger UTCC sub-watershed for a total drainage area of 
approximately 2.7 square miles.  Catchments A and C are headwater catchments.   
 
 

Table 1.  UT to Crab Creek (UTCC) monitoring locations and catchment 
descriptions. 

Catchment 
Drainage Area 
(Square miles) 

Monitoring Location 

Latitude Longitude 

C 0.44 36.55560 -80.96381 

A 1.66 36.55218 -80.97362 

B 0.62 36.56052 -80.96592 

Total  A+B+C 2.72 - - 

 

 
Agriculture and forest were the predominant land uses in Catchments A and B.   The 
type of agriculture included a mix of pasture for livestock production (horse and cattle), 
row crop rotations (corn-small grain), vegetable crop (pumpkins, cabbage) and 
Christmas trees.   Land use in Catchment C was mostly pasture for livestock 
production, small plots of Christmas trees and areas of forest. 
 
Riparian conditions were mixed within each catchment.  Continuous canopy and shade 
were absent.  There were segments with wide forested buffers along both sides of the 
stream, as well as segments (along pasture and crop land) where riparian zones were 
void of vegetated buffers.  
 
No permitted discharges were present.  Area homes were on septic tank and leach 
fields.  
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 Figure 2.  Topographic map.  
 Map scale 1‖ ~ 2600‘.  
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Methods   

Chemical and Physical Monitoring and Analysis 
 
Field measurements included water temperature (°C), dissolved oxygen (mg/L and % 
saturation), specific conductance (µS/cm at 25°C), and pH (S.U.).  All measurements 
were made in situ in a representative point of the channel that was well-mixed and 
flowing, generally at or near the thalweg.  Meter calibrations and measurements were 
performed in accordance with the NCDWQ Standard Operating Procedures (NCDWQ, 
2006a).   
 
Water temperature and stream stage were monitored at twenty minute intervals, 24-
hours per day during the months of June through November 2007 using HOBO® 
pressure sensor and temperature water level data loggers installed at each location.  
The units were housed in PVC pipes, which were perforated along the portion extending 
into the stream.  The tubes served as temporary stilling wells, prevented damage to the 
units and provided a stable water surface to increase the accuracy of stage readings. 
 
Nutrients (total phosphorus, ammonia, total Kjeldahl nitrogen and nitrite/nitrate), 
suspended residues or solids3 (suspended, fixed and volatile), sulfate, chloride, calcium, 
magnesium and potassium were collected at each location in baseflow conditions (see 
description of baseflow conditions below).  Nutrients and residues were collected during 
storm events.  Table A1 in the Appendix provides a list of parameters and analytical 
methods.  
 
All samples were collected, handled, preserved, and analyzed in accordance with 
NCDWQ Laboratory Section requirements outlined in their Sample Submission 
Guidance and Quality Assurance Manual (NCDWQ, 2009).  All samples were collected 
as grab samples by direct fill of sample bottles by immersion unless automated 
sampling equipment was used as noted below.     
 
Frequency of sampling and conditions.   

 
Baseflow conditions were defined as a period of time required for storm impacts to 
subside (i.e. turbidity).  Based on past experience, baseflow usually is obtained within 
24 to 48 hours after a rainfall event depending on intensity and duration of the storm.  
Professional judgment was exercised here to make this call.  Baseflow samples were 

                                            
3 Residues represent solid substances in the water.  Total suspended solids (residues) are determined by filtering a 

known volume of sample and placing the filter and filter container in a 105 
o
C oven for 24 hours to evaporate the 

water.  The dissolved portion (that which passes through the filter) is not considered in this procedure and was not of 
interest in this study.  Fixed solids are residues that remain after firing a sample in a 550 

o
C muffler furnace, and 

volatile (organic) solids are the residues removed (or combusted) by firing that same sample in a 550 
o
C muffler 

furnace.  It‘s notable that on a percentage basis, most of the suspended solids collected for this study were of the 
inorganic (e.g. non-volatile) variety (~ 70%). 
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collected on 19 occasions (varying from none to twice per month) over the 13-month 
monitoring period. 
 
Storm samples were collected both manually and using automatic battery-powered 
sampling equipment (ISCOs) to assist with storms that occurred during off-duty periods.  
Samplers were programmed to begin sampling after a stream rise of 6 inches, collecting 
four grab samples in 15-minute increments for a time weighted composite sample of 
nine liters.  Upon retrieval, individual samples were poured from the well-mixed nine-liter 
composite sample, preserved and shipped to the lab for analysis.  
 
Four storms were sampled over the monitoring period.  Automatic sampling equipment 
captured two storm events, one each in September 2007 and April 2008 with one 
exception.  In September, the equipment failed at Catchment C; therefore, staff used 
the grab method.  WAT staff hand sampled two other storms one each in October 2007 
and February 2008.     
 

Flow Estimates 
 
Baseflow velocity measurements were conducted using a hand-held portable flow meter 
(FLO-MATE Model 2000) at each location on three occasions (once in May and twice in 
June 2007).  The cross-sectional area of each channel was divided into one-foot sub-
sections. Velocity was measured at the midpoint of each sub-section at a depth 
equivalent to one third of the total stream depth of that sub-section.  Flow (cfs) was 
computed for each sub-section by multiplying velocity (ft/sec) by area (ft2) of each sub-
section.  Each sub-section was then summed to obtain total discharge (cfs).  The mean 
of the three baseflow measurements were used to compute pollutant loads or exports 
(e.g., pounds/acre/day) for each catchment. 
 
Field measurements of velocity during storm events were not conducted due to safety 
concerns.  Rather, storm flow for each catchment was approximated by applying the 
Manning formula (see formula below) for open channel flow (Grant and Dawson, 1997; 
Doll et. al., 2003). 
 
To compute flow, Excel spreadsheet software was set up using Manning‘s variables and 
stream stage data.  As the cross-sectional area was either increased or decreased 
based on the rise and fall of stream stage over time as recorded by the pressure sensor 
(data logger) during storm events, a new cross-sectional area, velocity and discharge 
was calculated. These data were then summed for a total flow estimate for each storm 
event.  Staff gauges were deployed at each location to verify that the in-stream level 
reading coincided with peak discharge.    
 
For storms that were sampled in 2008 (since data loggers were not in use), duration 
estimates were based on 2007 level measurements collected by the data loggers.  It 
was assumed that the storms occurring in 2008 were of the same duration as those with 
similar peaks in 2007.  Peak discharge was estimated using the organic debris line on 
the staff gage.  
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Manning‘s equation: 
 

 

Where: 
Q = Discharge (cfs) 
A = Cross-sectional area of flow 
R = Hydraulic radius (cross-sectional area divided by the wetted perimeter) 
S = Slope of the hydraulic gradient 
n = Manning‘s roughness coefficient for natural channels. 

Quantification and Assessment of Load 
 
The monitoring locations were chosen to bracket the stream restoration project - 
upstream and downstream - to help characterize water quality prior to and upon 
discharge from the project area.  The restoration project is within Catchment B which is 
the most downstream catchment in the larger sub-watershed.  A complicating factor is 
the relatively large headwater drainage area upstream of the project (Catchments A and 
C) that, when combined, contribute 75% of the total drainage area.  Water quality from 
these two catchments will affect downstream water quality.  In other words, water 
quality conditions in Catchment B are influenced by the water quality draining from 
Catchments A and C.  Therefore, monitoring locations were chosen to help characterize 
water quality upstream of, and upon discharge from the project area to distinguish 
upstream water quality draining from Catchments A and C from water quality affected 
directly by the restoration project in Catchment B. 
 
Parameter concentrations were converted to exports or loads (lbs/ac) using discharge 
and concentration data (flow x concentration) so that the relative contribution of 
nutrients and sediment from each catchment could be quantified and differentiated in 
terms of pollutant load.  A similar approach was employed by Grayson et al. (1997) to 
identify water quality problems within a large watershed.   
 
For example, to provide a load value for Catchment B only, loads from Catchments A 
and C were summed and then subtracted from the total load for the entire sub-
watershed - or all three catchments (A+B+C) - as in the equation below.  Example 
calculations are provided in Appendix D. 
 

B = [(A + B + C) – (A + C)] 
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Biological and Aquatic Habitat Assessment 

Biological Assessments 
 
Sampling, identification, and interpretation of results for benthic macroinvertebrate 
communities including habitat assessments were performed by the NCDWQ Biological 
Assessment Unit (BAU) biologists in October 2007 with support from WAT staff 
members in accordance with the BAU Standard Operating Procedures for Benthic 
Macroinvertebrates (NCDWQ, 2006b).   
 
Each catchment was sampled by using either the Standard Qualitative Method, Qual 4, 
or Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera (caddisflies) (EPT) 
methods.  The methods are based on the number and type of benthic habitats sampled.  
For example the Standard Qualitative Method collects benthos from 10 sub-samples 
while the Qual 4 method collects from just 4 sub-samples.  The EPT method collects 
from four sub-samples and only EPT taxa versus all organisms collected for the Full 
Scale and Qual 4 methods.  These methods are described in NCDWQ, 2006b.   
 
The UT to Crab Creek will likely be assessed in multiple years following the stream 
restoration to understand how benthic macroinvertebrate communities develop after 
restoration projects are constructed.  
 
An interpretive memo (NCDWQ 2008) relative to the sampling in October 2007 was 
prepared and submitted to NCEEP in January 2008.  It is provided in Appendix F.  A 
brief summary is provided below. 
 

Results and Discussion 
 
Synopsis of Biological Assessment Report 
 
The synopsis below provides notable observations from the Biological Assessment 
Report. 
 
Bioclassifications ranged from Not Impaired (Catchments A and C) to Good (Catchment 
B) 4.  Catchments A and C supported the same number of EPT taxa (N=21).  The BI‘s 
were similar (4.05 and 4.08 respectively) but a more favorable EPT BI at Catchment C 
(2.84) indicated a slightly more intolerant benthic community not unlike those found in 
streams with high quality water.  A notable finding in Catchments A and B was the fairly 
intolerant and Abundant (≥ 10 specimens) freshwater snail or Gastropod, Elimia.  Elimia 
was Rare in Catchment C (≤ 2 specimens).   
 
Catchment B was notable for the high number of EPT taxa (N=34) found relative to its 
drainage area.  The drainage area for Brush Creek at SR 1422 is more than10 times 

                                            
4
 The bioclassification rating system used for this project is described in the Methods section (first page) 

of the Benthic Report provided in Appendix F. 

http://h2o.enr.state.nc.us/esb/BAUwww/benthossop.pdf
http://h2o.enr.state.nc.us/esb/BAUwww/benthossop.pdf
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larger than Catchment B (2.2 mi2 versus 31.5 mi2) but only 37 EPT taxa were found 
there.  Mayflies were more abundant and diverse in Catchment B than in Catchments A 
and C.  Also of note was an intolerant caddisfly that was found to be exclusive to this 
Catchment (Rhyacophila nigrita).   
 
It was noted that certain edge taxa were rare or not present, which may have been due 
to drought conditions during 2007.  Edge habitats (roots and plant material) were not 
submerged at the time of sampling.   
 
Aquatic habitat is always evaluated in conjunction with the collection of benthic 
macroinvertebrate samples.  This qualitative assessment provides scores for a variety 
of submetrics.  Total scores can range from 0 to 100. (See NCDWQ, 2006b for more 
information pertaining to habitat assessments.)  Total habitat scores were similar for 
Catchments A and C (81 and 82 respectively).  The total habitat score for Catchment B 
was 55.  Metrics that contributed the low total habitat score included degraded riparian 
conditions, a lack of shading and channelization. 
 
Improved aquatic habitats in Catchment B may help increase species richness and 
diversity.  Cattle access to the stream in Catchment C is likely impacting water quality 
periodically and may be preventing a more diverse aquatic community.   This may in 
turn mask any improvements that could be realized as a result of the restoration project. 
 
 
Chemical and Physical Water Quality 

Baseflow Conditions 
 
This section presents a summary of selected baseflow chemical and physical water 
quality data collected throughout the monitoring period.  Baseflow samples were 
collected on 19 occasions (varying from none to twice per month) over the 13-month 
monitoring period (May 2007 through June 2008).  Number of observations (N) equals 
19 for Catchments A and B; N = 18 for Catchment C.  Summary statistics of the entire 
data set are provided in the Appendix for review.    
 
Sulfate, chloride, potassium, calcium and magnesium were monitored to characterize 
water quality conditions for each catchment but are not discussed in detail in this report, 
since concentrations of these ions would not likely be significantly affected by 
restoration practices.  Sulfate was below detection limits on all occasions.  Potassium 
levels were highest in Catchment C.  Higher levels here may be related to fertilizer 
applications.   
 
Calcium and magnesium were needed to compute hardness which is required for 
certain toxicity tests.  Initial plans were to conduct toxicity testing, but, since the 
landowner changed crop rotations and did not apply pesticides, we decided not to 
pursue the testing.  In any case, the data may be useful for future assessments.   
 

http://h2o.enr.state.nc.us/esb/BAUwww/benthossop.pdf
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Nutrients  

 
Monitoring baseflow nutrients (e.g., nitrite/nitrate nitrogen) may serve as a good 
indicator of change in water quality (with respect to a stream restoration project) 
because it is soluble, present in groundwater discharges, routinely detected above 
laboratory detection limits and it is known to be removed by riparian vegetation (Mayer 
et al., 2005) and geomorphic structures (Groffman, et al., 2005).  In addition, the low-
flow period is generally a critical time for nutrient cycling; water quality at these flow 
levels is an important constraint on the health of in-stream biological communities 
(Grayson, et al., 1997).   
 
Nitrogen and phosphorus can enter surface waters by various mechanisms.  
Phosphorus can bind to soil particles and reach surface waters through upland soil 
erosion and stream bank erosion.  Nitrite/nitrate can leach away from the rooting zone 
of upland sites and eventually enter surface waters via groundwater discharges through 
the riparian and hyporheic zones (Dubrovsky et al., 2010). 
 
Potential sources of nutrients for this project (in addition to natural sources i.e., wildlife) 
may include septic tank leachate, fertilizers and livestock waste.   
 
Figure 3 below provides an explanation of scatter plots and statistical comparisons 
provided in the figures.  Baseflow nutrient concentrations (ammonia nitrogen, total 
Kjeldahl nitrogen, nitrite/nitrate and total phosphorus) and suspended residue from each 
catchment are provided in Figures 4 through 8 below.   

 
 

Figure 3.  Explanation of scatter plots. 

The vertical span of each diamond represents the 95% confidence interval for each catchment.  
Overlap marks are group mean ± confidence interval.  Overlap marks that are closer to the mean of 
another diamond than that diamond‘s overlap marks indicate that those two groups are not different at 
the 95% confidence level (Lehman et al., 2002). 
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In Figures 4 and 5 below, mean ammonia and total Kjeldahl nitrogen were higher for 
Catchment C than Catchments A and B.  Ammonia was below the detection limit in 
Catchments A and B.  The lab analysis for total Kjeldahl nitrogen includes both organic 
nitrogen (i.e., nitrogen bound in algae, bacteria, and organic detritus) and ammonia 
nitrogen.  Simple subtraction of ammonia nitrogen from total Kjeldahl shows that there 
were higher levels of organic matter at the Catchment C location.   
 

 
Figure 4.  Ammonia nitrogen. 

 
Figure 5.  Total Kjeldahl nitrogen. 

In Figure 6 below, mean nitrite/nitrate for Catchments C and A was slightly higher than   
Catchment B.  In terms of concentrations, the most extreme values were associated 
with Catchment C. 
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Figure 6.  Nitrite/nitrate nitrogen. 

 
In Figures 7 and 8 below, mean total phosphorus and suspended residue for Catchment 
C was higher than the others.  The difference may be due to the cattle pasture 
upstream in Catchment C.  Cattle and evidence of cattle (hoof prints and manure 
nearby the stream channel) were observed upstream of the sampling location for 
Catchment C on a few occasions.  A disturbance of channel sediments by cattle (or 
possibly wildlife) could lead to increased suspended residues, which in turn could 
explain the higher nutrient levels because residue/sediment particles carry nutrients 
(Richardson and Vepraskas, 2001), as does organic matter. 
 

 
Figure 7.  Total phosphorus. 
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Figure 8.  Total suspended residue. 

 
Baseflow Nitrite/Nitrate Load Estimate 

 
As mentioned above in the Quantification and Assessment of Load section (page 8), 
water quality conditions in Catchment B are influenced by water quality from 
Catchments A and C because it is located downstream from the other two.  Therefore, 
to determine relative differences between catchments, we calculated baseflow 
nitrite/nitrate load (lbs/ac/day) for each catchment using mean baseflow (or discharge) 
data and nitrite/nitrate concentration data.  Data are shown in Table 2 below. 
 
 
Table 2.  Mean baseflow nitrite/nitrate concentrations (mg/L) and flow (cfs). 

Catchment 
Spring-Summer 

May-September 

Fall-Winter 
October-March 

Entire 
period 

May 2007- 
June 2008 

Flow 

C 0.94 (10) 1.10 (8) 1.00 (18) 0.30 (2) 
A 0.91 (11) 0.97 (8) 0.94 (19) 1.30 (3) 
B 0.78 (11) 0.91 (8) 0.84 (19) 2.22 (3) 

Values in parentheses are the number of observations. Flow was measured in May and June 2007. 

 
 
To obtain a load value for Catchment B-only, loads from Catchments A and C were 
summed and then subtracted from the total load for the entire sub-watershed or all three 
catchments (A+B+C).  
 
In the Figures below, baseflow nitrite/nitrate load were charted seasonally (Figure 9) 
and for the entire monitoring period (Figure 10) for each catchment based on mean 
concentrations and flow (see Table 2 above). 
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One notable seasonal pattern in Figure 9 below was that each catchment exported 
higher amounts during the cooler season (October through March).  Seasonality was 
strongest for Catchment B-only.  Overall, Catchment B exported comparatively less 
than the other catchments and the entire sub-watershed (A+B+C).  Seasonal 
differences may be related to an increase in biotic uptake/cycling by riparian zone 
vegetation and channel substrate biofilms (Groffman et al., 2005) or increased nitrate 
reduction within the hyporheic zone (Boulton et al., 1998) during warmer periods.  
 
 

 
Figure 9.  Seasonal nitrite/nitrate load by catchment. 
For Spring-Summer, n = 11 (except for Catchment C, n = 10).  
For Fall-Winter, n = 8.  Divide Y axis values by 100 to obtain actual value. 

 
 
Over the entire monitoring period in Figure 10 below, nitrite/nitrate load in Catchment A 
> A+B+C > C >B-only.  Loads from Catchment C were nearly identical to Catchments A 
and the entire sub-watershed (A+B+C).  This was unexpected because of the higher 
nitrite/nitrate concentrations in Catchment C compared to the other catchments (See 
Table 2 above).  It seems reasonable, however, in that the mean discharge from 
Catchment C is much less than the others, accounting for about 14% of the entire sub-
watershed discharge. 
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Figure 10.  Overall nitrite/nitrate load by catchment. 
Baseflow mean loads (exports) of nitrite/nitrate nitrogen.   
N = 19 except for Catchment C, n = 18.  Divide Y axis values  
by 100 to obtain actual value. 

 

Storm Flow Conditions 
 
This section presents a summary of selected storm flow chemical and physical water 
quality data.  The parameters included nutrients (ammonia nitrogen, total Kjeldahl 
nitrogen (TKN), nitrite/nitrate and total phosphorus), and total suspended residue. 
Summary statistics of the entire data set are provided in Appendix B for review.   
 
Nutrients and Residues 

 
Storm flow nutrient concentrations for ammonia, total Kjeldahl nitrogen, nitrite/nitrate 
and total phosphorus from each catchment are provided in Figures 11 through 14 
below.  As was observed in baseflow conditions, mean nutrient values were higher in 
Catchment C than in Catchments A and B, and mean values in Catchments A and B 
were similar to each other.  As shown in Figures 11 and 12 below, mean ammonia and 
TKN for Catchment C was higher than in Catchments A and C. Livestock manure, 
animal scat or fertilizer runoff upstream of the sample location in Catchment C were 
potential sources.   
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Figure 11.  Ammonia nitrogen. 

 
Figure 12.  Total Kjeldahl nitrogen. 

 

Mean values for nitrite/nitrate, total phosphorus and suspended residue were higher in 
Catchment C than in Catchments A and B as shown in Figures 13, 14 and 15 below.  
The most extreme values were associated with Catchment C.   
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Figure 13.  Nitrite/nitrate nitrogen. 

 
 
 

 
Figure 14.  Total phosphorus. 
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Figure 15.  Total suspended residue. 

 

Total Phosphorus and Suspended Residue Load Estimates 

 
As described by KCI Technologies (2007), the channel that carries the UT to Crab 
Creek is mostly unstable with eroding banks, areas of excessive sedimentation and 
minimal forested buffers.  Therefore, given time to recover from construction activity 
related to the restoration project, and if upstream catchment conditions do not 
significantly change, we may observe a reduction in total sediment and phosphorus 
loadings from the UT to Crab Creek.  A reduction in total nitrogen also may be observed 
due to improved hydrologic connections to the riparian floodplain and increased wetland 
area and functional capacity (e.g., increased storage and processing of nutrients). 
 
Sediment and nutrient loading was estimated over the monitoring period as described 
above in the Quantification and Assessment of Load section.  Loads were averaged 
over the four storm events and presented in Figures 16 and 17 below for residue and 
total phosphorus respectively expressed in lbs/acre/event.  Loads were calculated for 
total nitrogen but are not presented here.  An example worksheet is provided in 
Appendix D.  As Figures 16 and 17 show, suspended residue and total phosphorus 
loads from Catchment C > A+B+C > B-only > A.   
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Figure 16.  Suspended residue load. 
Data were log transformed. 
 
 

 

 
Figure 17.  Total phosphorus load. 
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Temperature 

 
Temperature plays a vital role in the presence/absence and spatial distribution of 
aquatic organisms.  For example, stream animals use temperature or temperature 
change as an environmental cue for emergence (aquatic insects) or spawning (Hauer 
and Lamberti, 2007).  Over time, stream restoration projects can affect stream 
temperatures by establishing trees and shrubs within the riparian zone and along 
stream banks to provide shade for the protection of aquatic organisms from ultraviolet 
radiation (UVR) and extreme water temperatures.  Improved wetland hydrology (e.g., 
filling ditches to increase groundwater storage capacity) may also help to moderate 
extreme stream temperatures by sustaining longer periods of groundwater exchange to 
the surface.  O‘Driscoll and DeWalle (2004) found that stream temperature regimes that 
are strongly influenced by groundwater inputs have a buffering effect on extreme water 
temperatures.   
 
Data presented in Figure 18 below includes data from July 31 through November 8 for 
each catchment.   The intent of the temperature monitoring effort was to collect baseline 
water quality data.  It was not to assess whether or not water quality standards were 
violated.  Temperature measurements recorded during sample collections throughout 
the monitoring period are provided in the Appendix B.   
 
As Figure 18 below shows, there were periods during the warmer months (July, August 
and September) in the afternoon when stream temperatures exceeded the water quality 
standard.  This was expected since canopy quality was variable and not continuous 
along stream segments within each catchment exposing the stream to direct solar 
radiation.  For example, in Catchment B, the habitat score for light penetration was 2 out 
of 10 possible, but canopy conditions further upstream in Catchments C and A were 
judged to be optimum (10 out of 10).  See Appendix F for other habitat scores.  Mean 
catchment temperatures for the monitoring period were similar ranging from a high of 
16.9°C for Catchment C to a low of 16.3°C for Catchment B.  Means comparisons (data 
not shown) indicated that the mean for Catchment C was statistically different than 
Catchments A and B.  Catchments A and B were not. 
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Figure 18.  Stream temperature. 
July 31, 2007 through November 8, 2007.   

 
 
To further assess the thermal relationship between catchments, water temperature data 
for the month of August in was examined in Figure 19 below.  August was the warmest 
month (on average) when water temperatures exceeded the water quality standard for 
several hours each day of the month in each catchment.  Mean temperatures during the 
month of August for each catchment ranged from a high of 20.1°C for Catchment C to a 
low of 19.6°C for Catchment A.   
 
Warmer water temperatures in Catchment C were likely a result of reduced canopy 
cover along upstream stream segments combined with the comparatively smaller 
drainage area that produced less groundwater discharge and flow and therefore less 
mass to heat.  Water temperature from Catchment C was moderated as water moved 
downstream gaining more volume and cooler water from Catchment A. 
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Figure 19.  Stream temperatures, August, 2007. 

 
 
In the Figure 20 below, weekly average stream-air temperature relationships for 
Catchment B from June 27 through November 6 (air temperature data from August 1 
through August 14 were not available) were examined.  During the warmer months (in 
this instance, defined as the time period when mean weekly air temperatures were ≥ 
19.8°C; i.e., June 27 through September 12, after which time temperatures began to 
decline) there was a 2.3°C  difference between air and stream temperatures.  Mean air 
and stream temperatures over this time period were 21.0°C and 18.7°C respectively.   It 
was likely that during the warmer months, cooler groundwater discharged to the stream 
channel helped to moderate the warmer surface water temperatures.  
 
Over the entire monitoring period, there was a 1.2°C difference between stream and air 
temperatures (calculated as the mean of the difference between stream-air weekly 
means).  Average air and stream temperatures during this period were 17.5°C and 
16.4°C respectively.  
  
Improved shading from riparian plantings along the stream restoration segments in 
Catchment B along with enhanced hydrologic connections and wetlands may improve 
thermal moderation during the summer months.  This may be evident in the future as 
lower stream temperatures in Catchment B relative to Catchments A and C during 
summer months and a change in the air-stream temperature relationship. 
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Figure 20.  Stream-air temperature relationship. 
Data for Catchment B during June 27 through November 6.   
Air temperatures for August 1 through August 14 were not available. 
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Summary 
 
Staff from the North Carolina Division of Water Quality Watershed Assessment Team 
monitored water quality upstream and downstream of a proposed stream restoration 
project during a 13-month period from May 2007 through June 2008 to characterize 
water quality, aquatic habitat and benthic macroinvertebrate communities.  This was a 
first-time effort to establish baseline ecological conditions of biological, chemical and 
physical water quality indicators in advance of a planned stream restoration project.  
The objective was to use these pre-restoration data to compare with post-restoration 
data to provide evidence of a change in water quality as a result of the restoration 
project.  The project was allowed a relatively short timeframe (13 months) in which to 
complete data collection, most of which was conducted during drought conditions.   
 
The sub-watershed (2.7 square miles) was divided into three catchments to differentiate 
water quality conditions upstream and downstream of the restoration project. Water 
quality parameters assessed included stream-air temperature, nutrients and residue in 
both baseflow and in storm conditions.  Stream flow was estimated to quantify nutrient 
and residue load or exports from each catchment.   
 
Benthic macroinvertebrates and channel habitat assessments were conducted on one 
occasion in each of the three catchments and in two other locations outside of, but 
nearby the study sub-watershed. 
 
In terms of nutrient and residue concentrations for each catchment as part of baseflow 
conditions, mean ammonia nitrogen, total Kjeldahl nitrogen, total phosphorus and 
suspended residue for Catchment C were all higher relative to Catchments A and B.  
Mean nitrite/nitrate for Catchment B was lower than Catchments A and C. 
 
Baseflow nitrite/nitrate load (lbs/ac/day) by seasons was estimated for each catchment 
and for the entire sub-watershed.  Load in Fall-Winter was slightly higher than Spring-
Summer for each catchment.  The difference was more pronounced for Catchment B-
only.  
 
Four storms were monitored over the assessment period.  In terms of nutrient and 
residue concentrations during storm events, mean levels were highest in Catchment C.  
Compared with baseflow conditions, nutrient and residue concentrations were higher 
during storm events for each catchment except in Catchments A and B where baseflow 
nitrite/nitrate concentrations were higher than during storm events.  Mean suspended 
residue for each catchment during storm events was higher than in baseflow. 
 
Storm flow total phosphorus and suspend residue load was averaged over the four 
storm events for each catchment (lbs/ac/event).  The highest load was estimated for 
Catchment C.  The lowest was estimated for Catchment A.   
 
Stream and air temperature were monitored at twenty minute intervals using in-stream 
data loggers during the summer season through the first week in November in each 
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catchment.  Mean stream temperature over the entire period indicated that Catchment 
C was higher than Catchments A and B.  Mean data for the month of August indicated 
that Catchment C was higher than the other two.  Mean water temperature for 
Catchment A was the lowest. 
 
Air-stream temperature relationships were assessed for Catchment B.  During the 
warmer months, there was a 2.3°C difference between air and stream temperatures; 
over the entire period, there was a 1.2°C difference.  
 
Benthic bioclassifications ranged from Not Impaired (Catchments A and C) to Good in 
Catchment B indicating Good to Good-Fair water quality.  Notable findings included an 
intolerant freshwater snail, Elimia that was Abundant (≥ 10 specimens) in Catchments A 
and B but rare (≤ 2 specimens) in Catchment C, and a high number of EPT taxa in 
Catchment B relative to its drainage area.  Impacts from cattle in Catchment C along 
with drought conditions during the year may have affected benthic macroinvertebrate 
assemblages. 
  
Total habitat scores were similar for Catchments A and C (81 and 82 respectively).  The 
total habitat score for Catchment B was 55.  Metrics that contributed the low total habitat 
score included degraded riparian conditions, a lack of shading and channelization. 
 

Conclusions 
 

 The data collected for this report describe existing water quality conditions in 
terms of nutrient and suspended sediment export, air/water temperature 
relationships, aquatic habitat and benthic macroinvertebrate communities.   The 
data indicated that conditions were not pristine and that there is room for 
improvement. 

 

 Cattle in Catchment C were likely impacting downstream water quality and 
habitat conditions by increasing sediment and nutrients supplies.  This was 
important to identify at this stage, because these impacts may mask any 
improvements that could be realized as a result of the restoration project. 

 

 Baseflow nutrient concentration data suggested that there was a reduction in 
nutrient levels as they moved downstream through Catchment B.  The 
mechanisms responsible for the reduction were not studied, but it was likely due 
to a combination of nutrient cycling processes combined with dilution from 
upstream catchments.  The restoration project will likely enhance these 
processes and interactions with further reductions possible.   

 
 Apportionment of baseflow nitrite/nitrate load by catchment allowed comparisons 

of individual catchments in terms of nutrient transport and retention.  The 
relatively stronger seasonal effect noted within Catchment B suggested that the 
existing riparian conditions and relatively stable channel and undisturbed 
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forested zone along a downstream segment of this catchment may have helped 
with nutrient retention and processing.   

 

 Storm event load estimates of sediment and nutrients (total phosphorus) 
suggested that there was a significant amount of sediment and nutrients moving 
downstream.  The stream restoration project could help to reduce sediment and 
nutrient exports, but post-restoration monitoring will be needed to confirm this.  
 

 Estimating flow was a useful exercise and highlighted the need to develop a 
more accurate and safer method for monitoring storm flow in catchments where 
stream flow gages do not exist.  
 

 Temperature data collected during the warmer period indicated a degree of 
thermal moderation as surface water moved downstream.  This was likely due to 
a combination of factors related to shading and groundwater exchange.  Thermal 
moderation will likely improve over time as restored riparian vegetation enlarges 
and provides more protection from solar radiation.  Improved wetland hydrology 
(e.g., filling ditches to increase groundwater storage capacity) may also help to 
moderate extreme temperatures. 
 

 Historic benthic or habitat data were unavailable for each catchment location.  
Therefore it was not known if existing conditions reflect an improvement or 
decline over previous years.  Drought conditions during 2007 may have impacted 
existing community assemblages.  Cattle upstream in Catchment C may be 
impacting water quality periodically and preventing the development of a more 
diverse aquatic community.   Improved habitat conditions as a result of the 
stream restoration project may help to ameliorate the negative effects from cattle. 

 

Recommendations 
 

 Post-restoration chemical monitoring (i.e., nitrite/nitrate5) in each catchment at 
the same locations should begin as soon as feasible to begin building a database 
that can be used for comparison with the data collected for this report.  
Monitoring should occur monthly for three to five years post-construction.  The 
data will be used to help determine changes in water quality indicators.   

 Deploy staff gages and pressure transducer/data loggers to monitor stream water 
level (stage) so that a rating curve can be developed.  These should remain in 
place throughout the post-construction monitoring.   

                                            
5
Baseflow nitrite/nitrate may be the ideal parameter to indicate a change in water quality for a number of 

reasons.  Nitrite/nitrate is known to be removed by riparian vegetation (Mayer et al., 2005) and 
geomorphic structures (Groffman, et al., 2005).  The baseflow period is generally a critical time for 
nutrient cycling, and water quality at these flow levels is an important constraint on the health of in-stream 
biological communities (Grayson, et al., 1997).  Nitrite/nitrate is soluble and is routinely present in stream 
samples above existing NCDWQ laboratory detection limits.  Baseflow conditions exist for longer periods 
during a given year (compared with storm conditions). 
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 Conduct 24-hour air and in-stream temperature measurements to determine if 
riparian planting and improvements in wetland hydrology have affected thermal 
moderation.  These measurements should continue throughout the post-
construction monitoring period, at least during the warmer months (May through 
October or November) when high water temperatures are a concern.   

 

 Conduct benthic macroinvertebrate and habitat assessments every two years to 
determine if the stream restoration project affects benthic assemblages.  Habitat 
assessments will also help determine if new riparian plantings have made 
improvements in shading over time. 
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Appendix A.  Laboratory methods. 

 
Table  A1.  NCDWQ Laboratory Section – Water Methods and Practical Quantitation 
Limits (PQL). 

Parameter EPA Method APHA Method
1
 Other Method PQL 

Revision 
Date 

      

Suspended. 
Residue 

160.2 2540D  2 mg/L 3/13/01 

Suspended volatile 
residue 

160.4   2 mg/L 3/13/01 

Suspended fixed 
residue 

160.4   2 mg/L 3/13/01 

      

NH3 as N 350.1 and 350.2  
QUIK CHEM 10-
107-06-1-J 

0.01 mg/L 7/24/01 

TKN as N 350.1 and 351.2  
QUIK CHEM 10-
107-06-2-H 

0.20 mg/L 7/24/01 

NO2+ NO3 as N 353.2  
QUIK CHEM 10-
107-04-1-C 

0.01 mg/L 7/24/01 

P total as P 365.1  
QUIK CHEM 10-
115-01-1-EF 

0.02 mg/L 7/24/01 

Sulfate 375.4   5 mg/L 3/13/01 

Chloride 325.3   5 mg/L 2/20/03 

Potassium 200.7   0.10 mg/L 7/24/01 

Calcium (Ca) 200.7   0.10 mg/L 3/13/01 

Magnesium (Mg) 200.7   0.10 mg/L 3/13/01 

 
1.  APHA reference: Standard Methods for the Examination of Water and Wastewater, 20th edition. 
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Appendix B.  Summary statistics. 
 
In this Appendix, field measurements and chemical/physical water quality data collected throughout the 
monitoring period (May 2007 – June 2008) are provided.  Baseflow data are black crosses.  Storm flow 
data are red asterisks.  Figure B1 below is an example box plot that explains the box plot statistics. 

 

 
Figure B1.  An example box plot with explanations of summary statistics.  The interquartile range 
is the difference between quartiles or percentiles.  Points above or below the end of upper and 
lower whisker are outliers.  In this example the reference line is a NC Water Quality Standard. 

 

 
Figure B2.  Baseflow field measurements of water temperature. 
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Appendix B Continued. 
 

 
Figure B3.  Baseflow field measurements of specific 
conductance. 

 
Figure B4.  Baseflow field measurements of pH. 

 
Figure B5.  Baseflow field measurements of dissolved oxygen. 

 
Figure B6.  Baseflow field measurements of percent saturation. 

 



 

34 | P a g e  
 

Appendix B Continued. 

 
Figure  B7.  Baseflow lab results for ammonia nitrogen. 

 
Figure  B8.  Baseflow lab results for nitrite/nitrate nitrogen. 

 
Figure  B9.  Baseflow lab results for total Kjeldahl nitrogen.  

Figure  B10.  Baseflow lab results for total phosphorus. 
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Appendix B Continued. 

 
Figure  B11.  Baseflow lab results for calcium. 

 
Figure  B12.  Baseflow lab results for magnesium. 

 
Figure  B13.  Baseflow lab results for hardness (calculated). 

 
Figure  B14.  Baseflow lab results for fixed solids. 
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Appendix B Continued. 

 
Figure  B15.  Baseflow lab results for chloride. 

 
Figure  B16.  Baseflow lab results for potassium. 

 
Figure  B17.  Baseflow lab results for sulfate. 

 
 
Figure  B18.  Baseflow lab results for volatile solids. 
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Appendix B Continued. 

 
Figure  B19.  Baseflow lab results for suspended solids. 

 
Figure  B20.  Storm flow lab results for suspended residue. 

 
 
Figure  B21.  Storm flow lab results for fixed solids. 

 
 
Figure  B22.  Storm flow lab results for volatile solids. 
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Appendix B Continued. 

 
Figure  B23.  Storm flow lab results for ammonia nitrogen. 

 
Figure  B24.  Storm flow lab results for total Kjeldahl nitrogen. 

 
Figure  B25.  Storm flow lab results for total phosphorus. 

 
Figure  B26.  Storm flow lab results for nitrite/nitrate nitrogen. 
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Appendix B Continued.   

 
Field measurements were conducted in-stream at the time of sample collection. 
 

 
Figure  B27.  Storm flow field measurements for specific 
conductance. 

 
Figure  B28.  Storm flow field measurements for pH. 

 
Figure  B29.  Storm flow field measurements for dissolved 
oxygen.  Measurements were not taken in April 2008. 

 
Figure  B30.  Storm flow field measurements for percent 
saturation.  Measurements were not taken in April 2008. 
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Appendix B Continued. 

 
 

 
Figure  B31.  Storm flow field measurements for water temperature.  
Measurements were not taken in April 2008. 
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Appendix C.  Water level. 
 

 
 
 
Figure  C1.  Water level as recorded by HOBO® data loggers (July 31, 2007 through November 5, 2007).  Storm duration hydrographs 
were used to estimate change in cross-sectional area over time for discharge estimates using the Manning equation. Data loggers were 
removed from locations in November 2007.   
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Appendix D.  Load Assessments. 
 
The worksheet below was developed to quantify and assess baseflow loads.  For Catchment B only, loads were quantified using the following equation:   
B only = {(A+B+C)-(A+C)}.  The formula used to calculate loads was as follows:  Load (lbs/day) = (mgd) x (mg/L) x (8.34) lbs/gal. 

 

Baseflow Load Assessments 

Baseflow (Spring-Summer) 
May-September 

Catchment 
cfs 

(mean) l/sec g/d mgd 

mean 
nitrite/nitrate 

(mg/L) sq miles acres lbs/d lbs/ac/day 

C 0.30 8.50 193,895 0.19 0.94 0.44 281.6 1.52 0.0054 

A 1.30 36.81 840,212 0.84 0.91 1.66 1062.4 6.38 0.0060 

{(A+B+C)-(A+C)} or B only - - - - - 0.62 396.8 1.43 0.0036 

A+B+C 2.22 62.86 1,434,824 1.43 0.78 2.72 1740.8 9.33 0.0054 

          

Baseflow (Fall-Winter) 
October-March 

Catchment 
cfs 

(mean) l/sec g/d mgd 

mean 
nitrite/nitrate 

(mg/L) sq miles acres lbs/d lbs/ac/day 

C 0.30 8.50 193,895 0.19 1.10 0.44 281.6 1.78 0.0063 

A 1.30 36.81 840,212 0.84 0.97 1.66 1062.4 6.80 0.0064 

{(A+B+C)-(A+C)} or B only - - - - - 0.62 396.8 2.31 0.0058 

A+B+C 2.22 62.86 1,434,824 1.43 0.91 2.72 1740.8 10.89 0.0063 

          

Baseflow (Entire Period) 

Catchment 
cfs 

(mean) l/sec g/d mgd 

mean 
nitrite/nitrate 

(mg/L) sq miles acres lbs/d lbs/ac/day 

C 0.30 8.50 193,895 0.19 1.00 0.44 281.6 1.62 0.0057 

A 1.30 36.81 840,212 0.84 0.94 1.66 1062.4 6.59 0.0062 

{(A+B+C)-(A+C)} or B only - - - - - 0.62 396.8 1.84 0.0046 

A+B+C 2.22 62.86 1,434,824 1.43 0.84 2.72 1740.8 10.05 0.0058 

 Figure D1.  Example worksheet for load computations. 
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Appendix D Continued.   
 
The example worksheet below was developed to quantify parameter loads for storm events. For Catchment B only, loads were quantified using the same 
equation as described above:  B only = {(A+B+C)-(A+C)}.  The formula used to calculate loads was the same as above. 
 

Catchment Date cfs gallons/event mg/event Parameter (mg/L) sq mile acres lbs/event lbs/ac/event Parameter 

A 14-Sep-07 16.9 10,906,273 10.91 202 1.66 1062.4 18374 17.3 Suspended Residue 

A 14-Sep-07  10,906,273 10.91 46 1.66 1062.4 4184 3.9 Volatile Residue 

A 14-Sep-07  10,906,273 10.91 156 1.66 1062.4 14190 13.4 Fixed Residue 

A 14-Sep-07  10,906,273 10.91 0.04 1.66 1062.4 4 0.0 Ammonia Nitrogen 

A 14-Sep-07  10,906,273 10.91 2 1.66 1062.4 182 0.2 Total Kjeldahl Nitrogen 

A 14-Sep-07  10,906,273 10.91 0.59 1.66 1062.4 54 0.1 Nitrite/Nitrate Nitrogen 

A 14-Sep-07  10,906,273 10.91 0.43 1.66 1062.4 39 0.0 Total Phosphorus 

Catchment Date cfs gallons/event mg/event Parameter (mg/L) sq mile acres lbs/event lbs/ac/event Parameter 

A 19-Oct-07 9.3 6,023,953 6.02 52 1.66 1062.4 2612 2.5 Suspended Residue 

A 19-Oct-07  6,023,953 6.02 13 1.66 1062.4 653 0.6 Volatile Residue 

A 19-Oct-07  6,023,953 6.02 38 1.66 1062.4 1909 1.8 Fixed Residue 

A 19-Oct-07  6,023,953 6.02 0.05 1.66 1062.4 3 0.0 Ammonia Nitrogen 

A 19-Oct-07  6,023,953 6.02 1.1 1.66 1062.4 55 0.1 Total Kjeldahl Nitrogen 

A 19-Oct-07  6,023,953 6.02 0.89 1.66 1062.4 45 0.0 Nitrite/Nitrate Nitrogen 

A 19-Oct-07  6,023,953 6.02 0.11 1.66 1062.4 6 0.0 Total Phosphorus 

Catchment Date cfs gallons/event mg/event Parameter (mg/L) sq mile acres lbs/event lbs/ac/event Parameter 

A 1-Feb-08 16.9 10,906,273 10.91 28 1.66 1062.4 2547 2.4 Suspended Residue 

A 1-Feb-08  10,906,273 10.91 12 1.66 1062.4 1092 1.0 Volatile Residue 

A 1-Feb-08  10,906,273 10.91 22 1.66 1062.4 2001 1.9 Fixed Residue 

A 1-Feb-08  10,906,273 10.91 0.03 1.66 1062.4 3 0.0 Ammonia Nitrogen 

A 1-Feb-08  10,906,273 10.91 0.55 1.66 1062.4 50 0.0 Total Kjeldahl Nitrogen 

A 1-Feb-08  10,906,273 10.91 0.79 1.66 1062.4 72 0.1 Nitrite/Nitrate Nitrogen 

A 1-Feb-08  10,906,273 10.91 0.08 1.66 1062.4 7 0.0 Total Phosphorus 

Catchment Date cfs gallons/event mg/event Parameter (mg/L) sq mile acres lbs/event lbs/ac/event Parameter 

A 7-Apr-08 92.7 59,929,596 59.93 24 1.66 1062.4 11996 11.3 Suspended Residue 

A 7-Apr-08  59,929,596 59.93 12 1.66 1062.4 5998 5.6 Volatile Residue 

A 7-Apr-08  59,929,596 59.93 18 1.66 1062.4 8997 8.5 Fixed Residue 

A 7-Apr-08  59,929,596 59.93 0.03 1.66 1062.4 15 0.0 Ammonia Nitrogen 

A 7-Apr-08  59,929,596 59.93 0.58 1.66 1062.4 290 0.3 Total Kjeldahl Nitrogen 

A 7-Apr-08  59,929,596 59.93 0.71 1.66 1062.4 355 0.3 Nitrite/Nitrate Nitrogen 

A 7-Apr-08  59,929,596 59.93 0.06 1.66 1062.4 30 0.0 Total Phosphorus 

 
Figure D2.  Example worksheet to compute catchment loads for storm events.



 

 

Appendix E.  Photos. 
 

 
Figure E1.  Catchment C monitoring location in February 2008 
during storm flow monitoring event.  

 

 
Figure E2.  Catchment C monitoring location in November 

2007 baseflow monitoring event. 

 
Figure E3.  Catchment A monitoring location in February 2008 

during storm flow monitoring event. 

 
Figure E4.  Catchment A monitoring location in October 2007 
during storm flow monitoring event .  Arrow points to portion of 
stream bank that sloughed off. 

 



 

45 | P a g e  
 

Appendix E Continued. 

 

 
Figure E5.  Catchment A+B+C (B Only) monitoring location 
in February 2008 during storm flow monitoring event.  
Upstream view.  Bridge is NC 18. 

 
Figure E6.  Catchment A+B+C (B Only) monitoring location in 
June 2007 after installation of staff gage and HOBO stiller well.  
Downstream view. 

 
Figure E7.  Downstream view of UT to Crab Creek in 
Catchment B in November 2007.  Before stream restoration. 

NC 18 runs parallel to the stream along most of this 
segment. 

 
Figure E8.  Same view of UT to Crab Creek as in Figure E7 in 
April 2010.  After construction. 

 

NC 18 

NC 18 
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Appendix F.  Benthic Macroinvertebrate Assessment. 
 

Division of Water Quality 
Watershed Assessment Team 

January 7, 2008 
 
Memorandum 

To: Steve Kroeger 
From: Cathy Tyndall 
Subject: EEP Benthic Macroinvertebrate pre-restoration Study, Little River Watershed, New River 
Subbasin 03 Alleghany County, October 2007  
  
Background and Historical Sampling 
Macroinvertebrate sampling was conducted on October 2, 2007 for pre-restoration monitoring of an Ecosystem 
Enhancement Program (EEP) on a UT to Crab Creek (UTCC)).  Macroinvertebrates were collected at two locations 
on the UTCC, at one site on a UT to the UTCC, at one site on Crab Creek, and in Brush Creek (Figure 1).  Brush 
Creek is a macroinvertebrate basinwide site and was chosen as a comparison site for seasonal taxa 
considerations.  The restoration project is the result of EEP local watershed planning in the Little River watershed.  
The overall project will include approximately 6000 feet of stream length, associated riparian buffers, wetland and 
stream buffer work, and bog turtle habitat enhancement   Construction is scheduled to begin during the latter part of 
2008. 
 
The Biological Assessment Unit (BAU) has conducted benthic sampling in the Little River watershed since the 
1980‘s for basinwide monitoring and planning.  In 2006, DWQ‘s Watershed Assessment Team (WAT) requested 
benthic samples at eleven sites in the Little River watershed to support EEP local watershed planning (BAU Memo 
B060815). Nine of the sites had high water quality and were rated Good, Excellent, or Not Impaired. Two urban 
sites on Bledsoe Creek rated Good-Fair.  In 2003, BAU conducted macroinvertebrate assessments at ten sites in 
the Little River watershed during August for basinwide monitoring and in November to support local watershed 
planning efforts of the Wetlands Restoration Program, which is now EEP (BAU memo B040203).  All sites sampled 
in the Little River watershed in 2003, except Pine Swamp Creek, supported a diverse and pollution intolerant 
macroinvertebrate community, with ratings of Good or Excellent.  The decline in the community of Pine Swamp 
Creek (Good-Fair) was attributed to the impact of the previous years of drought conditions and compromised 
riparian zones.  The report concluded that even though the benthic data collected did not indicate any water quality 
degradation, if the riparian areas are not restored and farm animals are allowed continued access to the streams, 
these benthic communities could decline over time.  
 
Methods 
Benthic Macroinvertebrates 
BAU‘s Full Scale, Qual 4, and EPT protocols were used for this study.  The Full Scale collection method is 
comprised of ten composite samples and includes the collection of two kicks, three sweeps, one leafpack, two rock-
log washes, one sand sample and visuals.  All organisms are picked in the field.  The Qual 4 method is an 
abbreviation of the standard qualitative method, where all organisms are picked.  This method was designed for 
use in small streams, which are defined as having a drainage area < 3 square miles.  In this method, four samples 
are collected: one kick, one sweep, one leaf-pack, and visuals.  All organisms are picked in the field.  Typically, a 
Not Impaired rating is given if the stream would receive a bioclassification of Good-Fair or better using DWQ EPT 
criteria developed for larger streams.  Small streams that would have a minimum bioclassification of Fair or Poor 
continue to be assigned the classification of Not Rated.  The EPT sampling method is identical to the Qual 4 
method and consists of one kick, one sweep, one leaf pack, and visuals, but only EPT taxa are collected. 
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Figure 1.  Location of Benthic Macroinvertebrate Sampling Location, Alleghany County EEP Study, October 
2007. 

 
The purpose of these collections is to inventory the aquatic fauna and produce an indication of the relative 
abundance for each taxon.  Organisms are classified as Rare (1-2 specimens, denoted by ―R‖ on taxa tables), 
Common (3-9 specimens, ―C‖), or Abundant (>10 specimens, ―A‖). 
Several data-analysis summaries (metrics) can be produced from benthos samples to detect water quality 
problems. These metrics are based on the evidence that unstressed streams and rivers have many invertebrate 
taxa and are dominated by intolerant species.  Conversely, polluted streams have fewer numbers of invertebrate 
taxa and are dominated by tolerant species.  The diversity of the invertebrate fauna is evaluated using taxa 
richness counts; the tolerance of the stream community is evaluated using a biotic index. 
EPT taxa richness (EPT S) criteria have been developed by DWQ to assign water quality ratings (bioclassifications) 
for Full Scale samples.  ―EPT‖ is an abbreviation for Ephemeroptera + Plecoptera + Trichoptera, insect orders that 
are generally intolerant of many kinds of pollution.  These orders are mayflies, stoneflies and caddisflies, 
respectively.  Higher EPT taxa richness values usually indicate better water quality.  Bioclassifications for Full Scale 
samples are also based on the relative tolerance of the macroinvertebrate community as summarized by the North 
Carolina Biotic Index (NCBI).  Both tolerance values for individual species and the final biotic index values have a 
range of 0-10, with higher numbers indicating more tolerant species or more polluted conditions.  EPT abundance 
(EPT N) and total taxa richness calculations also are used to help examine between-site differences in water 
quality. Criteria for Mountain streams were used.   
 
For Full Scale samples, a correction factor is applied during times of the year other than summer.  In the case of 
mountain fall samples, a correction factor of 0.4 is added to the biotic index prior to determining the 
bioclassification.  For mountain fall Qual 4 and EPT samples, no seasonal corrections are made. 
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Habitat Analysis 
Habitat assessments were performed at each sampling location using DWQ‘s Mountain/Piedmont Habitat 
Evaluation Form.  This evaluation quantifies eight habitat metrics including four measures of in-stream habitat, one 
concerning streambank stability, two regarding the riparian zones, and an analysis of channel modification.  The 
scores for each of the eight metrics are totaled, with a possible overall score of 100. 
 
Habitat analyses are important when investigating aquatic communities, as streams essentially flow through a 
terrestrial landscape.  The physical features of a stream or small river are largely influenced by geology and the 
areas immediately adjacent to the water body (i.e. riparian zone).  Documentation of the habitat characteristics of a 
site can identify factors that could limit or enhance a stream‘s ability to support a diverse macroinvertebrate 
community.  The habitat analysis also provides a baseline from which future changes in the physical conditions of 
the stream or riparian zone can be measured, since these changes can result in an altered macroinvertebrate 
assemblage in the stream.     
 
Physical-Chemical 
Field measurements were taken at the time of sampling for temperature, dissolved oxygen, specific conductance 
corrected to 25

0
C (reported throughout this memo as conductivity values), and pH using a YSI 85 meter and an 

Accumet pH meter.   
 
Site Locations 
The catchments refer to the WAT Stream Restoration Monitoring Plan for UTCC, July 2007. 
 
UTCC above restoration (Catchment C) 

 
The drainage area of the UTCC at this location is .44 square miles.  
The stream width was three meters.  The substrate was mostly rubble 
(30%), gravel (20%), and sand (20%).  Riffles were frequent and well 
defined and bank erosion was minimal.  The canopy provided ample 
shading.  Left and right riparian buffers were greater than 18 meters, 
although breaks allowing sediment to enter the stream were present.  
The overall habitat at this site was favorable, scoring 82 of 100 
possible points.  This monitoring location received the highest habitat 

score of the five sites sampled.  The conductivity was 44 S/cm. 
 
 
 
 

 
UT UTCC (Catchment A) 
 

This site is located on an unnamed tributary (UT) to UTCC.  At this 
location, the drainage area is 1.66 square miles and the stream was 
four meters wide.  The substrate was mostly rubble (40%), gravel 
(20%), and sand (20%).  The riparian zone width was greater than 18 
meters on both banks and intact.  The canopy provided good shading 

and the conductivity was 47 S/cm.  Severe erosion was noted on the 
left bank.  Overall, this second highest habitat score (81) reflected a 
favorable habitat. 
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UTCC at NC 18 (Catchment B) 
 

This location on UTCC is below where the restoration activity will be 
constructed.  The drainage area is 2.7 square miles and the stream 
width was 1.5 meters.  This portion of UTCC has been channelized 
and was very straight.  There was no functioning riparian zone and full 
sun in all but a few areas.  The substrate was mostly gravel (30%), 
rubble (20%), sand (20%), and silt (20%).  Due to an absence of 
riparian zones, there was very little woody debris in the stream.  The 
low habitat score (55) indicated that this location has numerous 

habitat concerns.  The conductivity was 49 S/cm. 
 
 
 
 

 
 
Crab Creek at SR 1450 

 
At this location on Crab Creek, the drainage area is 8.6 square miles.  
The width was four meters.  Beaver dams were located upstream and 
downstream of the sampling reach and significantly decreased 
velocity.  The mixed substrate was predominately rubble (30%), gravel 
(20%), and sand (20%).  Riffle areas were reduced because of the 
beaver activity and the remaining riffle areas were moderately 
embedded.  The habitat score was 64 and the conductivity was 50 

S/cm.   
 
 
 
 
 

 
 
 
Brush Creek at SR 1422 

Brush Creek is a large tributary to the Little River; the drainage area at 
SR 1422 is 31.5 square miles.  At the time of sampling the width was 
10 meters.  The substrate was mixed with mostly sand (25%) and 
rubble (25%).  Pools were infrequent, and riffle areas were as wide as 
the stream, but not twice as wide.  The riparian buffers on both stream 
banks were compromised and reduced due to the presence of 
pastureland and cows.  The overall habitat was of good-fair quality 
and scored 69 points out of 100.  The canopy was reduced at the 
bridge with sunlight and shade essentially equal.  The conductivity 

was 38 mhos/cm. 
 
 
 

  



 

50 | P a g e  
 

 
Results and Discussion 
Benthic Macroinvertebrates 
Summary information of benthic macroinvertebrates and habitat characteristics collected during this study can be 
found in Table 1 and a complete taxa list with abundance values can be found in Table 2.  For the five sites 
samples, there were two ratings of Good, one Good-Fair, and two ratings of Not Impaired.   
 

 
Table 1. Summary data for benthic macroinvertebrates, site and habitat characteristics for the Alleghany 
County EEP Study, October 2007. 

Station UT Crab Creek 
UT UT Crab 

Creek 
UT Crab 
Creek 

Crab 
Creek 

Brush 
Creek 

Sample Type Qual 4 Qual 4 Full Scale EPT Full Scale 

Location 
above restoration  
Catchment  "C" "Catchment A" NC 18 "B" SR 1450 SR 1422 

            

Ephemeroptera 10 12 20 8 19 

Plecoptera 2 3 3 4 5 

Trichoptera 9 6 11 8 13 

Coleoptera 3 7 6  - 9 

Odonata 1 3 4  - 5 

Megaloptera 3 1 1  - 2 

Diptera: Chironomidae 10 4 12  - 21 

Misc. Diptera 5 3 7  - 5 

Oligochaeta 2 1 2  - 2 

Crustacea 1 1 1  - 1 

Mollusca 1 2 2  - 2 

Other 1 0 0  - 1 

Total Taxa Richness 48 43 69 20 88 

EPT Richness (S) 21 21 34 20 37 

EPT Abundance 89 73 149 57 156 

Biotic Index 4.08 4.05 3.99  - 4.48 

EPT BI 2.84 3.75 3.31 3.92 3.45 

Seasonally corrected BI  -  - 4.39  - 4.88 

Bioclassification Not Impaired Not Impaired Good Good-Fair Good 

            

Drainage Area 0.44 1.66 2.72 8.6 31.5 

Width 3 4 1.5 4 10 

Depth           

Canopy 80 80 0 70 10 

Substrate (%)           

    Boulder 15 10 10 15 15 

    Rubble 30 40 20 30 25 

    Gravel 20 20 30 20 15 

    Sand 20 20 20 20 25 

    Silt 15 10 20 15 10 

Bedrock  -  -  -  - 10 

County Alleghany Alleghany Alleghany Alleghany Alleghany 

Latitude 363338 363320 363308 363258 1422 

Longitude 805757 805749 805825 805943 363058 

      

Physical/Chemical           

Temperature ( C) 15.4 12.3 14.2 13.7 11.9 

DO (mg/l) 8.5 9.45 8.9 9.2 9.4 

Conductivity ( mhos/cm) 44 47 49 50 38 

pH 6.5 6.4 6.1 6.2 6.2 
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Station UT Crab Creek 
UT UT Crab 

Creek 
UT Crab 
Creek 

Crab 
Creek 

Brush 
Creek 

Sample Type Qual 4 Qual 4 Full Scale EPT Full Scale 

Location 
above restoration  
Catchment  "C" "Catchment A" NC 18 "B" SR 1450 SR 1422 

Habitat characteristics      

Channel modification 5 4 2 5 5 

Instream habitat 16 16 14 16 20 

Bottom substrate 10 12 10 8 8 

Pool variety 6 4 4 6 6 

Riffle habitats 16 16 13 7 14 

Bank stability & Vegetation 11 9 10 10 6 

Light penetration 10 10 2 8 7 

Riparian zone width 8 10 0 4 3 

Total score 82 81 55 64 69 

 
 
 
Site Results and Discussion 
UTCC above restoration (Catchment C)  A Qual 4 sample was collected due to the small drainage area (0.44 
square miles).  The sample received a Not Impaired Rating, since it rated Good-Fair based on EPT taxa.  There 
were 21 EPT taxa present including a mixture of intolerant (Paraleptophlebia, Stenacron carolina, Ephemera, 
Rhyacophila carolina, and Dolophilodes) and tolerant taxa (Isonychia, Baetis flavistriga, and Lype diversa).  The 
EPT abundance (89) was relatively low; most of the taxa were Rare (1-2 individuals) and Common (3-9 individuals).  
One taxon that is typically found in small clean headwater streams, Diplectrona modesta, was abundant.   Only two 
stonefly taxa were collected, Acroneuria abnormis and Tallaperla.  A abnormis is a long lived stonefly that requires 
year round flow and Tallaperla is common in mountain streams and is found in leaves and detritus. The beetle, 
odonate, and chironomid assemblages were sparse and unremarkable. 
 
UT UTCC (Catchment A)  A Qual 4 sample was collected (drainage area = 1.66 square miles).  This site received 
a Not Impaired rating and the same number of EPT taxa (21) was collected here as at the site above the restoration 
(catchment C).  The EPT abundance (73) was even lower at this site due to the high number of taxa that were Rare 
and Common.  Only two of twelve mayfly taxa (Isonychia and Maccaffertium ithaca) were Abundant.  Of the six 
caddisfly taxa that were collected, only one, Cheumatopsyche, which is tolerant and ubiquitous, was Abundant.  
The same intolerant taxa were collected at his location as at the site above the restoration, but were mostly Rare.  
Two long-lived stoneflies that require constant water (Acroneuria abnormis, Eccoptura xanthenes) were collected, 
indicating the presence of year round flowing water.  E. xanthenes is also a fairly good indicator of small 
catchments.  The stonefly, Tallaperla, was not collected.  One noticeable difference in this site and the one above 
the restoration was the more diverse beetle assemblage found here (three versus seven taxa).  Perhaps the larger 
watershed is able to support a more complex beetle community. In addition, Elimia, a fairly intolerant Gastropod 
was Abundant at this site but Rare at the site above restoration.  The midge assemblage was very sparse at this 
site (four taxa) compared to the above location (ten taxa). 
 
UTCC at NC 18 (Catchment B)  A full scale sample was conducted at this site since the drainage area is nearly 
three square miles (2.7square miles).   Although the habitat score was low (55), the sample rated Good.  Thirty-four 
EPT taxa were collected at this location while 37 EPT taxa were collected at Brush Creek, the comparison site.  
This is notable since the drainage areas are so different in size (2.7 mi

2
 versus 31.5 mi

2
).  In terms of mayfly 

diversity and abundance, this sample was better than the upstream UTCC site and the UT UTCC site.  Twenty 
mayfly taxa were collected and intolerant taxa that were not found at the upstream sites on the UTCC and UT 
UTCC were found here (Leucrocuta, Diphetor hageni, Ephemera subvaria, and Eurylophella funeralis).  These 
were all Rare, but it is notable that they were found.  Eleven caddisfly taxa were collected and contained mostly the 
same intolerant and tolerant taxa as the sites discussed previously.  Rhyacophila nigrita, an intolerant caddisfly was 
found at this site and at no other in the study.  Several taxa were collected only at this site and in Brush Creek.  
These were the mayfly, Baetisca berneri, and the stonefly, Isoperla lata.  B. berneri was Abundant at this location, 
but Rare in Brush Creek.  I. lata was Rare in both streams. 
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Crab Creek at SR 1450  An EPT sample was collected since an EPT was conducted in November 2003.  There 
were 20 EPT taxa collected in 2007, producing a rating of Good-Fair.  The 2007 EPT BI was 3.92 and the EPT 
abundance was 57.  In 2003 this site rated Good and 33 EPT taxa were collected.  The 2003 EPT BI was 3.72 and 
the EPT abundance was 159.  This is a noticeable decline in taxa richness and abundance from 2003 to 2007.  The 
overall greatest decline was in the mayfly taxa.  In 2003, 16 mayfly taxa were collected and in 2007, the number of 
mayfly taxa declined to eight.  Of the 2007 mayfly taxa collected, only one, Maccaffertium ithaca was Abundant.  
One notable intolerant mayfly, Potamanthus distinctus, was collected here and in Brush Creek.  In 2003, eleven 
caddisfly taxa were collected and eight were collected in 2007.  Only one taxa, Cheumatopsyche, which is very 
tolerant was Abundant in the 2007 sample.  The decline in EPT taxa, the EPT BI, and the EPT abundance indicates 
a decline in water quality from 2003 to 2007. 
 
Brush Creek at SR 1422  A Full Scale sample was collected in 2007, as was in April 2006 and in August 2003.  In 
2007, the site rated Good.  This is a decline from the Excellent ratings in 2006 and 2003.  The 2007 total taxa was 
88, EPT richness was 37, the corrected NCBI was 4.88, and the EPT BI was 3.45.  In 2006, total taxa richness was 
119, EPT taxa richness was 53, the NCBI was 4.11 and the EPT BI was 2.34.  It must be taken into account that 
the 2006 sample was collected in spring, which can tend to have slightly higher EPT taxa richness values, even 
after the seasonal correction (BAU memo B060815).  In 2003, total taxa richness was 83, EPT taxa richness was 
42, the NCBI was 3.94 and the EPT BI was 3.34.  The 2003 sample was collected in summer, which is more 
directly comparable to the 2007 sample.  The higher EPT taxa number, lower EPT BI value, and lower NCBI in 
2003 indicates that overall, the benthic community has become more tolerant in Brush Creek.  This could be 
attributed to declining water quality, a decline in habitat, or a combination of both.  In the 2007 sample the mayfly, 
Neoephemera purpurea, and the caddisflies, Brachycentrus spinae, Micrasema bennetti, and Glossosoma were 
present only at this site.  These four taxa, with the exception of Glossosoma, tend to be found in larger streams.  As 
in past samples, there was high midge diversity (21 taxa).  In addition, there was a high diversity of beetles (9 taxa) 
and odonates (5 taxa).   
 
Habitat Results 
Habitat scores ranged from 55 at the UTCC at NC 18 site to 82 at the UTCC site above the restoration.  The UTCC 
site at NC 18 scored low due to extensive channelization, no riparian zone, and no canopy.  The UTCC above the 
restoration had plentiful habitat for colonization, good riffles, minimal bank erosion, ample shading, and a 
functioning riparian zone.  Crab Creek had the second lowest score (64) mostly due to poor riffle habitat from 
beaver dams and compromised riparian zones.  Brush Creek (69) lost points due to a high amount of sand that 
caused embeddedness in the riffles, erosion areas on the stream banks, and compromised riparian zones.  The UT 
UTCC had the second highest habitat score (81), which was reduced mostly due to stream bank erosion. 
 
Physical Chemistry Results 
The physical chemistry results were unremarkable.  Water temperatures fluctuated with time of day sampled, as 

expected.  Values for pH ranged from 6.1 to 6.5.  Conductivity readings ranged from 38-50 mhos /cm.  The 

highest conductivity values were recorded in Crab Creek and the UT Crab Creek at NC 18 (50 and 49 mhos /cm 

respectively) and the lowest recorded conductivity was in Brush Creek (38 mhos /cm).  Dissolved oxygen values 
were all above 8.0 mg/l.  
 
Conclusions 
Of the three smaller sites that were sampled for the first time (the two UTCC sites and the UT UTCC) this was a 
pre-restoration sampling event to document the existing benthic community.  There is no historical data for 
comparison to know whether the macroinvertebrates have changed over time.  Overall, at these three sites, there 
were low abundance values for the intolerant taxa.  Many of intolerant EPT taxa were Rare in the samples.   
 
At the UTCC site above the restoration and at the UT UTCC, the same number of EPT taxa (21) was collected.  
The BI‘s were very similar but the EPT BI was lower at the UT UTCC indicating a slightly more intolerant benthic 
community.  Long lived stoneflies were collected at both sites indicating year round water. 
 
Although UTCC at NC 18 scored the lowest (55) of the five sites for habitat, it received a Good bioclassification.  
The number of EPT taxa collected (34) was close to the number collected in Brush Creek (37) and the EPT BI was 
lower, indicating a less tolerant community in UTCC at NC 18 than in Brush Creek.  The drainage areas are 
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considerably different in size (2.7 versus 31.5 square miles) and one would generally expect greater EPT diversity 
and abundance in Brush Creek assuming high water quality in both streams.  Historical samples indicate the 
benthic community is declining in Brush Creek. 
 
At all five sites there appeared to be an absence or very few occurrences of what is considered to be edge taxa.  
These are the taxa such as Trianodes and Nectopsyche that generally found in roots and plant material collected in 
sweeps along the stream edge.  The drought conditions may have affected the edge habitats in that they were not 
submerged at the time of sampling.   
 
Overall, the benthic communities indicated Good to Good-Fair water quality.  For the sites that had historical data 
(Crab Creek and Brush Creek), declines in the benthic community were observed.  Habitat is certainly an issue in 
this watershed as noted in the habitat surveys completed in 2007 and dating back to 2003.  Much of the land is in 
agriculture, fallow fields, and pasture for cattle.  All of these land uses lead to decreased riparian zones, bank 
instability and erosion.  The compromised riparian zones further lead to reduced canopy, increased water 
temperatures, and a reduction in woody debris in the stream habitat.  As stated in the 2003 BAU memo B040203, 
―if the riparian areas are not restored and farm animals are allowed access to the streams, these benthic 
communities could decline over time.  It appears this decline is occurring and if restorative measures are not 
implemented, water quality will continue to decline. 
 
Table 2. Benthic Macroinvertebrate Taxa List, Alleghany County EEP Study.  October 2007. 

 

 
UT Crab Cr UT of UT Crab Crk UT Crab Cr Crab Cr Brush Cr 

 

Above restoration 
Catchment C 

Catchment A 
Catchment B at 

NC 18 
SR 1450 SR 1422 

      

      

EPHEMEROPTERA      

ACENTRELLA TURBIDA  C R   

BAETIS ANOKA     R 

BAETIS FLAVISTRIGA C R A  C 

BAETIS INTERCALARIS  C C C A 

BAETIS PLUTO C C A  C 

BAETIS TRICAUDATUS   C   

BAETISCA BERNERI   A  R 

CAENIS SPP    R R 

CENTROPTILUM SPP   R  R 

DIPHETOR HAGENI   R   

EPHEMERELLA SUBVARIA   R   

EPHEMERA SPP C R R  R 

EURYLOPHELLA FUNERALIS   C   

HEPTAGENIA MARGINALIS R    R 

HEXAGENIA SPP     C 

ISONYCHIA SPP A A A  R 

LEUCROCUTA SPP   R   

NEOEPHEMERA PURPUREA     A 

PARALEPTOPHLEBIA SPP R R C  R 

PLAUDITUS DUBIUS GR  R R C A 

POTAMANTHUS DISTINCTUS    R C 

PSEUDOCLOEON DARDANUM  R A   

PSEUDOCLOEON PROPINQUUM    R C 

MACCAFFERTIUM ITHACA  A A A A 

MACCAFFERTIUM MODESTUM A     

MACCAFFERTIUM PUDICUM A  A  A 

SERRATELLA DEFICIENS R  R R  

STENACRON CAROLINA A R    

STENACRON PALLIDUM  C A C A 

      

PLECOPTERA      

ACRONEURIA ABNORMIS C A A A A 

CHLOROPERLIDAE    R R 
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UT Crab Cr UT of UT Crab Crk UT Crab Cr Crab Cr Brush Cr 

 

Above restoration 
Catchment C 

Catchment A 
Catchment B at 

NC 18 
SR 1450 SR 1422 

DIPLOPERLA DUPLICATA    R  

ECCOPTURA XANTHENES  R    

ISOPERLA NR LATA   R  R 

LEUCTRA SPP  C R   

PARAGNETINA IMMARGINATA    C A 

PTERONARCYS SPP     R 

TALLAPERLA SPP C     

      

TRICHOPTERA      

BRACHYCENTRUS SPINAE     A 

CHEUMATOPSYCHE SPP C A A A A 

CHIMARRA SPP    R  

DIPLECTRONA MODESTA A  C   

DOLOPHILODES SPP A C A R R 

GLOSSOSOMA SPP     C 

GOERA SPP   R  R 

HYDROPSYCHE BETTENI R C C R C 

HYDROPSYCHE DEMORA     R 

LYPE DIVERSA C     

MICRASEMA BENNETTI     C 

NEOPHYLAX SPP    R  

NEOPHYLAX OLIGIUS R     

OECETIS PERSIMILIS     R 

POLYCENTROPUS SPP  R R R  

PYCNOPSYCHE SPP R  C  R 

RHYACOPHILA CAROLINA R R    

RHYACOPHILA FUSCULA  C R  C 

RHYACOPHILA NIGRITA   R   

CERATOPSYCHE BRONTA   R R A 

CERATOPSYCHE SPARNA R  C C C 

      

COLEOPTERA      

ANCHYTARSUS BICOLOR C C R  R 

ANCYRONYX VARIEGATUS     R 

DINEUTUS SPP     R 

ECTOPRIA NERVOSA A C R   

HELICHUS SPP  R C  A 

MACRONYCHUS GLABRATUS     C 

MICROCYLLOEPUS PUSILLUS  C    

OPTIOSERVUS SPP  C A  C 

PROMORESIA ELEGANS     R 

PSEPHENUS HERRICKI  A A  R 

STENELMIS SPP A C C  C 

      

ODONATA      

ARGIA SPP     C 

BOYERIA VINOSA  R R  C 

CALOPTERYX SPP C  A  A 

CORDULEGASTER SPP   R  R 

GOMPHUS SPP  C   C 

LANTHUS SPP  R R   

      

MEGALOPTERA      

CORYDALUS CORNUTUS     R 

NIGRONIA FASCIATUS C     

NIGRONIA SERRICORNIS A C R  A 

SIALIS SPP R     

      

DIPTERA: CHIRONOMIDAE      

ABLABESMYIA ANNULATA     R 
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UT Crab Cr UT of UT Crab Crk UT Crab Cr Crab Cr Brush Cr 

 

Above restoration 
Catchment C 

Catchment A 
Catchment B at 

NC 18 
SR 1450 SR 1422 

ABLABESMYIA MALLOCHI     R 

BRILLIA SPP R     

ORTHOCLADIUS  ROBACKI: C/O SP12  R    

CRICOTOPUS INFUSCATUS GR: C/O SP5   C   

CARDIOCLADIUS SPP     R 

CONCHAPELOPIA GROUP C  R  R 

CORYNONEURA SPP     C 

CORYNONEURA SP E EPLER C     

DEMICRYPTOCHIRONOMUS SPP     R 

TVETENIA BAVARICA GR (E SP1) R C C   

EUKIEFFERIELLA DEVONICA GR (E SP2)   R   

TVETENIA DISCOLORIPES GR (E SP3)     C 

MICROTENDIPES SP2     C 

NANOCLADIUS DOWNESI     R 

NANOCLADIUS SPP   R  R 

NANOCLADIUS SP5 C     

POLYPEDILUM AVICEPS A C C   

POLYPEDILUM FALLAX   R   

PARACHAETOCLADIUS SPP R    C 

PARAKIEFFERIELLA SPP R     

PARAMETRIOCNEMUS LUNDBECKI R C C   

PARATANYTARSUS SPP     R 

PHAENOPSECTRA FLAVIPES     R 

TRIBELOS JUCUNDUM     C 

POTTHASTIA GAEDI   C   

POTTHASTIA LONGIMANUS     R 

PROCLADIUS SPP     R 

RHEOCRICOTOPUS ROBACKI   R  C 

RHEOTANYTARSUS SPP R  R  C 

STENOCHIRONOMUS SPP     R 

THIENEMANIELLA SP B EPLER   R  R 

THIENEMANIELLA XENA     R 

      

MISC. DIPTERA      

ANOPHELES SPP   C   

ANTOCHA SPP   R  R 

DICRANOTA SPP R R R   

DIXA SPP R C C   

DIXELLA INDIANA   R  R 

PALPOMYIA (COMPLEX) R  R  R 

SIMULIUM SPP C A A  C 

TIPULA SPP A    C 

TABANUS SPP     R 

      

HEMIPTERA      

CORIXIDAE     C 

RANATRA SPP     R 

      

OLIGOCHAETA      

CAMBARINICOLIDAE  R R   

LUMBRICULIDAE R    R 

NAIS SPP C  C   

TUBIFICIDAE     R 

      

CRUSTACEA      

CAMBARIDAE C A R  R 

      

GASTROPODA      

ELIMIA SP R A A   

FERRISSIA SPP  C A  A 
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UT Crab Cr UT of UT Crab Crk UT Crab Cr Crab Cr Brush Cr 

 

Above restoration 
Catchment C 

Catchment A 
Catchment B at 

NC 18 
SR 1450 SR 1422 

PHYSELLA SPP     C 

      

OTHER      

CORIXIDAE     C 

CURA FOREMANII C     

PROSTOMA GRAECENS     R 

RANATRA SPP     R 
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