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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 ï 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 ñD3-Extreme Droughtò 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 ñé 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.ò 
 
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 NCEEPôs 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.  
 
 



 

5 | P a g e  

 

 
 

 Figure 2.  Topographic map.  
 Map scale 1ò ~ 2600ô.  
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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.  Itôs 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 Manningôs 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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Manningôs 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 = Manningôs 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) ï (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 BIôs 
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 (Ó 10 specimens) freshwater snail or Gastropod, Elimia.  Elimia 
was Rare in Catchment C (Ò 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


 

11 | P a g e  
 

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 diamondôs 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. 
 

0.00 

0.10 

0.20 

0.30 

0.40 

0.50 

0.60 

0.70 

C A B-only A+B+C 

N
itr

ite
-N

itr
a

te
 (

lb
s/

a
c/

d
a

y
*1

0
0

) 

Catchments 

Spring-Summer Fall-Winter 



 

16 | P a g e  
 

 
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.  OôDriscoll 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. 
 


















































