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Executive	Summary	
 

The North Carolina Department of Environmental Quality (NCDEQ) is currently 

working to define statewide nutrient criteria for its waterbodies.  As a subset of this nutrient 

criteria development project, approaches to identify where high concentrations of nitrogen and 

phosphorus are occurring in streams were evaluated.  The primary focus was to evaluate if 

biomass and taxonomic identification of periphyton can effectively detect nutrient impacts in 

wadeable streams.  Land use and other water quality parameters were also evaluated as potential 

tools to predict nutrient concentrations.  The goals were to identify preliminary measures that 

indicate nutrient impairment, to assess if further development of a periphyton monitoring 

program is feasible, and to make recommendations about the direction of future studies.  Results 

show that high proportions of developed land can be used to identify potential downstream 

nutrient problem areas.  Additionally, high proportions of vegetated land can be used to identify 

reference stream reaches.  Specific conductance is a measurable parameter in the field that can 

adequately predict elevated concentrations of nitrogen (N) and phosphorus (P).  Several results 

suggested that watershed land-use influences stream periphyton cover and taxonomic 

composition.  Elevated periphyton cover was found downgradient of agricultural land and 

wastewater treatment plants and an increase in motile species richness was found in periphyton 

in streams draining watersheds with greater developed land. More research is needed to 

adequately determine if patterns exist between periphyton biomass, taxonomic composition, and 

nutrient concentrations.   

Introduction	
	
Nutrient	Criteria	Development	Goals	and	Objectives	

The United States Environmental Protection Agency (USEPA) has not set national 

criteria for nitrogen and phosphorus in waterbodies, and encourages states to establish their own.  

Most states are still in the early stages of establishing criteria to protect waterbodies (Figure 1).  

The North Carolina Department of Environmental Quality’s (NCDEQ) Division of Water 

Resources (DWR) is working to develop appropriate and scientifically defensible nutrient 

criteria for the waters of the State.  A subset of this plan is to develop criteria for the streams and 
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rivers within the Cape Fear River Basin 

(Figure 2).  Following the development of 

criteria within this specific region, state-

wide implementation will be attempted 

(NCDENR 2014). 

The Upper Cape Fear River Basin 

includes the Haw, Deep, and Upper Cape 

Fear sub-basins and contains approximately 

6,000 miles of rivers and streams.  It is one 

of the fastest growing regions of the state.  

To protect aquatic life, recreation, and 

drinking water supplies, efforts to improve 

nutrient management of both point and non-

point sources have become a priority in this 

region (NCDENR 2014).   

Currently, DEQ regularly monitors a 

select group of stream reaches in their 

Ambient Monitoring Station (AMS) program.  Only roughly 1/3 of the State’s streams are 

included in this monitoring program.  Additionally, most streams in the AMS program were 

originally selected due to concerns of impacts on water quality.  Therefore, significant data gaps 

exist, and specifically DEQ may be lacking data that can adequately characterize reference 

streams.  To establish nutrient criteria, it will be important to fill these data gaps to have a better 

understanding of the norms of the State’s water quality, and to create a reference baseline for 

which the water quality and biotic integrity of streams are compared against.  

This study was tasked to evaluate if there are significant links between nutrients and 

trends in land use, and other water quality parameters that are easily measured in the field.  

Additionally, the United States Environmental Protection Agency (USEPA) has promoted the 

use of periphyton as a biological indicator of water quality, and DWR would like to evaluate if 

biomass and taxonomic communities of periphyton appropriately reflect nutrient concentrations 

in wadeable streams (Barbour et al. 1999).  The goals were to identify methods to predict 

nutrient impairment, and to assess if further development of a periphyton monitoring program is 

Figure 1.  State progress toward developing numeric 
nutrient water quality criteria for nitrogen and phosphorus 
(modified from EPA 2018). 
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feasible.  This information will aid DEQ in 

identifying new monitoring locations to fill 

data gaps, and will make recommendations 

about the direction of future studies to 

develop a periphyton monitoring program.    

 
Definition	of	Periphyton	

Periphyton refer to entire 

communities of microorganisms composed of 

bacteria, fungi, protozoa, and algae.  These 

communities attach themselves to underwater 

substrates including rocks, woody debris, 

plants, trash, mud, and sand.  The 

communities are observable as a slimy 

coating called “biofilm”, which make the 

surfaces of substrates slippery (Gooden 

2007).  The algal assemblages can appear as 

brown or green thin films, or as thick and dark mats.  Brown or green filaments can also occur in 

periphyton assemblages (Gooden 2007).  Throughout this document, the term “periphyton” is 

used to refer to the algal components of this assemblage.  

Periphyton play a significant role in aquatic ecosystems as they are the link between 

chemistry and biology.  As a primary producer, periphyton use water, carbon dioxide, and 

sunlight to create oxygen and glucose by means of photosynthesis.  This provides the food-

energy that ultimately sustains all organisms in many types of aquatic ecosystems (Paul et al. 

2014).  Periphyton also contribute to phosphorus (P) and nitrogen (N) cycling, and nutrient 

removal by transforming inorganic nutrients to organic forms (Stevenson 1996).  The growth of 

periphyton is most often limited by light, temperature, and nutrient availability.  Other factors 

influencing biomass and the taxonomic communities include, stream velocity, available 

substrates, topography, geology, and land use (Biggs 1996; Wu 2016, Hill et al. 2000).   

While the presence of periphyton is key to an aquatic ecosystem, its overgrowth can 

cause issues.  Eutrophication can occur when water temperatures are high, or excess nutrients are 

present.  This increased productivity can cause negative downstream effects to dissolved oxygen 

Figure 2.  Cape Fear River Basin.  Areas in color represent the 
portion of the Basin where nutrient criteria are proposed.  The 
sub-watersheds in color are either listed as impaired for 
chlorophyll-a, or are of concern for nutrient over-enrichment 
(NCDENR 2014). 
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(DO) levels, carbon production, nutrient cycling, pH, fish populations, and food web structures 

(Paul et al. 2014).  With respect to monitoring the occurrence of eutrophication and other water 

quality issues, the protocols that use periphyton as a biological assessment tool are well-

developed (Barbour et al. 1999).  Additionally, the ability of periphyton to be used as indicators 

of anthropogenic changes in aquatic ecosystems has been internationally supported (Wu 2016, 

Dela-Cruz et al. 2006, Taylor et al. 2007).  

	
Background	of	Biological	Indicators	

Issues related to stream ecological integrity and water quality can often be detected with 

the use of biological assessments.  Traditional physical and chemical measures of water quality 

are useful in determining sources of water contamination, however they only indirectly measure 

the integrity of the aquatic ecosystem as they do not look at how biota respond to pollution.  The 

best way to understand the condition of biota health in an ecosystem is to monitor them directly 

(Maine DEP 2016).  Many populations have a specific optimal range of physical and chemical 

parameters they thrive in.  Observing biotic communities and understanding their optimal ranges 

can indicate the physical and chemical qualities of healthy and impaired ecosystems.  Generally, 

unpolluted water encourages a greater diversity of organisms, while polluted water will support 

larger numbers of pollution tolerant organisms and less diversity will be observed (Gooden 

2007).  

States have used biological assessments to set environmental goals, to detect degradation, 

to prioritize management actions, and to track improvements.  Many monitoring programs 

routinely use fish and/or benthic macroinvertebrates as the core biological indicators of stream 

integrity.  Methods of using periphyton have been developed, however, they have not been as 

extensively established in state-wide monitoring programs across the country (Gooden 2007, 

Paul et al.  2014).  In fact, NCDEQ currently use fish and benthic macroinvertebrates in 

biological assessments, however the use of periphyton is still being considered.  A study by Paul 

et al. (2014) evaluated algae monitoring programs in the United States.  Out of the 23 states 

found to be evaluating algae routinely, only 11 had developed interpretive tools or had 

incorporated analyses of algal responses into nutrient criteria development.  Reasons for the 

underutilization of periphyton in state water quality monitoring programs include unfamiliarity, 

limited taxonomic expertise, and financial constraints (Paul et al. 2014, Gooden 2007).   More 
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specifically for North Carolina, a study by Gooden (2007) evaluated the capabilities of 

periphyton monitoring programs and the most feasible methodologies North Carolina could 

incorporate into their Water Quality Program.  This was a useful preliminary study that aided in 

the development of objectives, study designs, and approaches to data analysis for this project.  

	
Benefits	of	Using	Periphyton	in	Water	Quality	Monitoring	Programs	

Fish and macroinvertebrates are the organisms most commonly used in biological 

assessments, however, there are many benefits associated with the inclusion of periphyton within 

these monitoring programs.  As primary producers, periphyton assemblages can tell a different 

story about stream conditions than heterotrophic organisms.  For example, by identifying diatom 

species composition and understanding their environmental preferences, the biological, physical 

and chemical integrity of a stream can be inferred (Gooden 2007).  Typically, periphyton 

respond to different conditions, and tend to react to changes in water quality at a faster rate than 

fish and macroinvertebrate assemblages.  Therefore, the integration of a third trophic level into 

the water quality assessment toolbox might provide greater accuracy and confidence in detecting 

nutrient impairment since they can be used as early warning indicators of eutrophication and 

other deteriorating conditions (Gooden 2007).   

Response	to	Stressors	
 As they are permanently attached to substrates, periphyton are exposed to many stressors 

including acidification, habitat destruction, heavy metals, pesticides, and herbicides.  Unlike fish, 

who can migrate away from unfavorable conditions, periphyton communities either acclimate to 

disturbance, or die (Stevenson & Smol 2003).  

The brief life cycles and rapid reproduction rates of periphyton allow for quick responses 

to even minor changes in water quality parameters.  In fact, some species can divide more than 

twice a day, therefore having one of the shortest reproduction times of all biological indicators.  

This allows for early measurements of ecological response to both habitat degradation and 

habitat restoration.  Periphyton response is expressed by changes in both community 

composition and biomass, even during minor disturbance events.  For example, a shift in pH can 

cause a shift within the entire periphyton community and allow for the proliferation of species 

that can tolerate the disturbance to dominate the assemblage (Hill et al. 2000).  
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In addition to a rapid response to disturbance, periphyton are also known to be more 

sensitive to changes in water quality (Gooden 2007).  A relatively small change in sediment or 

nutrient loading will cause a significant shift in periphyton community composition (Hill et al. 

2000).  For example, certain types of motile diatom genera, such as Navicula, Nitzschia, 

Cylindrotheca, and Surirella, can indicate increased sedimentation in streams (Hill et al. 2000).  

These motile diatoms have the ability to move over and through silt particles to avoid being 

buried.  Due to this advantage, they are considered more tolerant of sedimentation than other 

diatoms, and their abundance is seen as a reflection of the frequency and severity of 

sedimentation (Hill et al. 2000).  A study by McPherson et al. (2000) concluded that the 

abundance of motile diatoms is typically higher for streams in agricultural basins, suggesting that 

the taxonomic community of periphyton assemblages can explain the physical and chemical 

integrity of a stream reach.  

Periphyton are also an ideal indicator for eutrophication since their growth is influenced 

by the availability of nutrients and light (Gooden 2007).  As nutrient concentrations rise, 

periphyton abundance will also increase.  More specifically, there will be a shift towards a 

dominant presence of eutraphentic diatom genera, such as Asterionella and Stephanodiscus, 

which thrive in high nutrient concentrations (Palmer 1969).  This shift in community 

composition can be used to provide an early warning sign of eutrophication and algal blooms 

(Gooden 2007).  

Program	Design	and	Feasibility	
 Combined costs of periphyton sampling and analysis are relatively low or comparable to 

other indicator organisms (Stevenson & Smol 2003).  A benefit of periphyton indicators is the 

flexibility to which the field and laboratory methods can be designed.  Field methods can be 

created to require low-technology equipment, and only a few collectors.  If a pre-existing water 

quality or macroinvertebrate sampling program exists, periphyton sampling could be added with 

minimal costs and time for surveys can take less than 1 hour per site.  Additionally, effective 

laboratory analyses can be conducted with limited time, money, and expertise (Gooden 2007).  

The following paragraphs highlight some considerations to make when designing a periphyton-

based monitoring protocol, and makes suggestions to NCDEQ based on limiting resources.   

 Sampling technique and design can vary with the study objectives, level of expertise, 

anticipated problems, water body type, target habitat, and budget.  Generally, sampling and 
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analysis can comprise of quantitative or qualitative methods.  A quantitative approach captures 

more taxa and increased precision, representativeness, and replicability compared to qualitative 

methods.  Quantitative approaches also require more time and money during the laboratory 

analysis.  A qualitative approach generally takes less time, for example assessing the community 

composition of a multi-habitat composite sample.  Based on the known tolerances of identified 

genera in the sampled community, inferences can be made about the environmental integrity of 

the observed habitat (Paul et al. 2014, Stevenson & Smol 2003).  During the scoping of this 

study, a qualitative approach to field and laboratory methods was deemed most appropriate due 

to budget and time constraints. 

 A rapid bioassessment is often performed in the field and uses a viewing glass to estimate 

the coverage, thickness, and length of algae on substrates along multiple transects.  This is 

considered a semi-quantitative analysis and can be a rough estimate of biomass in a stream reach.  

Samples estimated in the field may also be collected and verified in the laboratory.  This 

approach allows for the monitoring of algal abundance over large spatial scales, and does not 

require a high level of expertise in algae identification (Barbour et al. 1999).  In this pilot study, 

a rapid bioassessment approach was developed based on past work (Barbour et al. 1999, Paul et 

al. 2014) to characterize periphyton cover and thickness in study stream reaches.   

Methods	and	Study	Area	
	
Study	Area	

The Cape Fear River Basin is one of four river Basins completely within North Carolina 

with a 9,664 mi2 drainage area and 21,300 miles of stream (NCDEQ 2018b).  The Cape Fear 

Basin can be divided into the Piedmont and Coastal Plain regions.  The North Carolina Piedmont 

is a region underlain predominantly by Proterozoic and Paleozoic metamorphic and intrusive 

igneous rocks.  Within the Piedmont region lies the Carolina Slate Belt, which is a source of 

quartz-, feldspar-, and mica-rich clays and loams.  East of the Slate Belt is the Deep River 

Triassic Basin, which contains loams, sandy loams, and smectite and kaolinite clays.  The 

Carolina Coastal Plain is a region of primarily unconsolidated sediments and carbonate rocks 

(McReynolds 2008). 

According to North Carolina’s Division of Water Resources (NCDWR), about half of the 

Cape Fear Basin is within the upper 30th percentile of drought intensity.  Similar to the rest of the 
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Southeastern United States, in the future warm days are expected to become more numerous, and 

the number of cold days are projected to decrease. Water availability is expected to decrease due 

to population growth and land use change (Carter et al. 2014). 

The Cape Fear River Basin includes portions of 26 counties and 115 municipalities.  The 

most populated regions, and the areas experiencing the greatest population growth are located in 

the upper region of the Basin.  This increasing population trend indicates patterns of increasing 

development, and a loss of natural areas.  At the current growth rate, as much as 1 million acres 

of land will be experiencing some type of development by 2020.  In the Cape Fear Basin, over 

140 stream miles are identified as impaired.  The stressors of impaired streams in the Basin are 

mostly often based on land disturbance including urban or impervious surfaces, construction 

sites, road building, land clearing, and agriculture.  Point source discharge is another cause of 

stream impairment as there are 244 

permitted wastewater discharges in the 

Cape Fear Basin with permitted flows 

of approximately 425 MGD.  Due to 

land disturbance and wastewater 

discharge, streams in this basin are 

violating standards in arsenic, 

chlorophyll-a, DO, pH, turbidity, fecal 

coliform bacteria and enterococcus, 

and mercury in fish tissue (NCDENR 

2005). 

	
Site	Selection	

Sampling locations were 

selected from a list of ambient 

monitoring stations regularly visited 

by DEQ.  This ensured that each 

location was associated with historical 

water quality data.  Using ESRI 

ArcMap and Google Earth Landsat 

Figure 3.  Locations of monitoring stations used in this study and 
adjacent WWTPs.  Monitoring Locations are numbered and 
correspond to information in Table 4. 
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Images, the DEQ monitoring stations were narrowed to 20 locations by the means of several 

parameters.  First, only stations within the Upper Cape Fear River Basin, yet not within the 

Triassic Basin were considered.  The geology of the Triassic Basin within the Upper Cape Fear 

River Basin characteristically causes streams to have high proportions of fine sediments and 

makes periphyton sampling difficult to perform due to a lack of appropriate substrates and water 

clarity.  Next, to identify wadeable riffle areas no deeper than 3 feet at the thalweg, stations were 

sorted by slope and elevation.  It was assumed that locations with greater slopes and elevations 

would most likely be a of a lower order stream with a greater velocity.  Slopes at monitoring 

stations range from 2.1% to 10.8%.  Elevations at monitoring stations range from 18 to 238 feet 

above sea level.  Stations with wadeable riffle reaches were confirmed by observing Google 

Earth Landsat Images.  Monitoring stations located on major river reaches that appeared too 

large and deep to feasibly sample were removed.  Suitable depths and substrates were not 

confirmed appropriate until site visits.  Due to time constraints, stations located closest to Duke 

University, and stations located near other selected stations were given higher priority than 

isolated monitoring stations that were not near Duke University.  The resulting DEQ monitoring 

stations were chosen for water quality and periphyton sampling (Figure 2).    

	
Field	Assessments	
 Habitat assessments were performed at each selected monitoring station.  Methods were 

adapted from the EPA’s Rapid bioassessment protocol written by Barbour et al. (1999).  

Parameters examined onsite and materials used are described in Table 2.  Turbidity, temperature, 

DO, pH, and specific conductivity were measured onsite using a YSI multi-parameter meter.  

Water samples were collected at each site and frozen until laboratory analyses could be 

conducted to measure total dissolved nitrogen (TDN), orthophosphate as P, and dissolved 

organic carbon (DOC).  

Rapid periphyton biomass assessments were performed at each site with methods also 

adapted from the EPA’s Rapid bioassessment protocol (Barbour et al. 1999).  Before field visits, 

stream gauges and precipitation graphs were monitored for the purpose of avoiding periphyton 

monitoring within two weeks of a significant rain event.  Fortunately for this study, the sampling 

region experienced an abnormally dry season, so this was rarely an issue.   
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Table 1.  Measured physical and chemical parameters and equipment used in the field. 

  
Parameters 

 

 
Materials 

Physical 

Characteristics 

 
• Stream width (ft) 
• Depth at thalweg (in) 
• Stream velocity (ft/s) 
• Canopy cover (%) 
• Cloud cover (%) 
• Observed surrounding land use and 

land cover 
• Observed substrate types 

 

• Range finder 
• Meter stick 
• Timer 
• Camera 

Chemical 
Characteristics 

 
• Temperature (℃) 
• Dissolved Oxygen (%, mg/L) 
• pH 
• Specific Conductivity (uS/cm) 
• Turbidity (NTU) 

 

• YSI multi-parameter 
meter 

  

At each monitoring location, three transect lines were randomly chosen across the widths 

of stream reaches.  Depending on stream width, observations were made every 2 – 4 steps along 

the transect line.  Using a 15cm x 15cm viewing glass, periphyton biomass was estimated by 

recording the biofilm thickness and percent cover on substrates within the viewing glass.  The 

presence and percent cover of macroalgae and moss was also recorded.  Table 2 displays an 

example of the recorded rapid assessment data.  

Samples of periphyton, macroalgae, and moss were collected from all substrate types and 

combined into one composite sample for each stream location.  Micro and macro-algae were 

removed from substrates using a toothbrush and turkey baster.  Samples were preserved with 

Lugol’s solution and stored in a cool, dark location before laboratory analyses.  
 

Table 2.  Example of rapid periphyton assessment data recorded in the field. 

Station ID Transect Sample Substrate Type 

% Cover of 

Substrate in 

Glass 

% Cover of 

Periphyton 

on Substrate 

% Cover 

Micro 

Algae 

Filamentous 

Length (cm) 

Periphyton 

Thickness 

(See Table 3) 

B1380000 1 1 Rock 100 100 100 1.5 2 

B1380000 1 2 Rock 100 75 100 1.5 1 

B1380000 1 3 Leaf Pack 100 75 100 0.5 3 

B1380000 1 4 Woody Debris 10 60 100 0.5 2 
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Table 3.  Thickness scale of biofilm mat used during the rapid assessment in the field.  Modified from Barbour et al. 
(1999). 

	
	
	
	
	
	
 
Laboratory	Assessments	
Nutrient	Analysis	
 Water samples were processed and analyzed at the Duke University River Center.  On 8 

instances, the YSI meter able to measure turbidity was available.  A different YSI meter was 

used more often and was unable to measure turbidity.  Most samples were measured for turbidity 

in the laboratory directly following a site visit using a Hach model 2100P turbidimeter.  Samples 

were then filtered using 47mm glass microfiber filters, and frozen.  Once all site visits were 

completed, water samples were thawed and analyzed for orthophosphate as P, DOC, and TDN.  

P was analyzed using the molybdate method with an orthophosphate manifold on a 

QuikChem8500 flow injection analyzer (Lachat Instruments, Loveland, Colorado).  DOC and 

TDN were analyzed with a Shimadzu TOC-VCPH with TNM-1 module (Shimadzu Corporation, 

Kyoto, Japan).  The remaining water in the samples were refrozen in case future analysis was 

necessary.  

Taxonomic	Composition	of	Communities	
 Composite periphyton samples were processed and analyzed for community composition 

in the DEQ Divison of Water Resources’s (DWR) algae laboratory by Mark Vander Borgh and 

Leigh Stevenson.  Extra Lugol’s solution was added to all samples upon arrival, and samples 

containing macro vegetation and excess sediment were processed before analysis.   

Macro vegetation, including mosses, macrophytes, and macroalgae, were removed from 

each vial and rinsed 3 times to return any associated periphyton to the sample vial.  The macro 

vegetation was photographed, then viewed under the microscope to document any attached 

periphyton not removed during rinsing.  The samples were then placed in a clean vial.  

Scale	 Description	

0	 substrate	rough	with	no	visual	evidence	of	microalgae	

1	 A	thin	layer	is	microalgae	is	visually	evident	

2	 Accumulation	of	microalgal	layer	from	0.5	to	1	mm	thick	is	evident	

3	 Accumulation	of	microalgal	layer	from	1	to	5	mm	thick	is	evident	

4	 Accumulation	of	microalgal	layer	from	5	mm	to	2	cm	thick	is	evident	

5	 Accumulation	of	microalgal	layer	greater	than	2	cm	thick	is	evident	
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Several samples contained excess sediment that would impede the identification of 

periphyton species.  Heavy sediment samples were poured into 1 liter beakers.  The beaker was 

swirled to suspend all solid material, then allowed to rest for 3 seconds before decanting the 

supernatant into a clean 1 liter beaker.  This process was repeated 3 times or until most of the 

sediment was removed from the sample.  

Beakers rested overnight to allow periphyton to sink to the bottom.  After approximately 

24 hours, supernatant was poured off, and the remaining solids were poured into a smaller beaker 

and allowed to rest for approximately 24 hours.  A vacuum pump was used to siphon off 

approximately 3/5 of the remaining liquid.  This process was repeated until using consecutively 

smaller beakers until the periphyton samples were concentrated enough to be returned to their 

original vials. 

Lugol’s solution was added to all vials after processing was complete.  Analysis of 

periphyton was conducted by preparing wet mount slides from each sample location.  Algal 

program staff scanned the slide, documenting all periphyton present.  To remain consistent, 

taxonomic composition of samples were observed within a 30-minute window.  Periphyton were 

photographed, and identifications were reassessed by program staff.  Periphyton were identified 

to the lowest possible classification.  Organisms were most often identified to the genus level.  

Species were not identified, however when a new species within a genus was observed, it was 

given a unique number.  Identification of diatom species was not possible for all organisms as 

this requires acid digestion and mounting of silica structures.  Samples were preserved and stored 

at DEQ in case future diatom analyses are necessary. 

 

Data	Analysis	
Nutrient	Source	Indicators	

The relationship between land use, nutrient concentrations, periphyton cover, and biofilm 

thickness were evaluated.  ESRI’s ArcMap Hydrology Toolset was used to delineate the land 

area draining to each stream location, and the catchments’ average slope.  Land cover data from 

the 2011 National Land Cover Dataset was extracted based on defined catchment areas, and the 

areas of land cover types within each catchment was exported as tables.  Open space developed, 

low intensity developed, medium intensity developed, and high intensity developed were 

combined to indicate developed land.  Pasture/hay, and cultivated crops were combined to 
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indicate agricultural land.  Deciduous forest, evergreen forest, mixed forest, scrub/shrub, 

grassland, woody wetlands, and emergent herbaceous wetlands were combined to indicate 

vegetated land.  Python was used to automate these processes within ArcMap.  Since catchment 

sizes of the study locations were so variable, the percent cover of land use types within each 

catchment was calculated and analyzed in R. Trends in percent cover of agricultural land, 

developed land, vegetated land, and slope were used as predictor variables to explain trends in 

nutrient concentrations, periphyton cover, and biofilm thickness using linear regressions.  To 

minimize the influence of point-source pollution, catchments containing at least 1 WWTP within 

2km upstream of the monitoring location were not considered in this particular analysis.   

The effects of wastewater inputs on nutrient concentrations, periphyton cover, and 

biofilm thickness was assessed by comparing groups with wastewater treatment plants (WWTPs) 

within 2 km upstream of the monitoring location to sites without WWTPs.  T-tests were used for 

nutrient concentrations and periphyton cover.  As biofilm thickness is a categorical variable, a 

two-way ANOVA was used.    

Nutrient concentrations, periphyton cover and biofilm thickness were also compared 

between reference streams and streams with WWTPs in their catchment areas using Mann-

Whitney and Kruskal-Wallis tests.  Reference streams were identified as having low nutrient 

concentrations, high percentage of forested land, and no WWTPs within the monitoring site’s 

catchment area.  

 

DEQ	Water	Quality	Data	
 AMS data has been collected by DEQ since 1996.  Currently, there are 329 AMS stations 

in 95 of NC’s 100 counties that test at least quarterly for a variety of physical, chemical, and 

bacterial pathogen samples and measurements (NCDEQ 2018a).  AMS data was provided by 

DEQ, organized in Microsoft Access, and statically analyzed and visualized in R.  To minimize 

seasonal variability, AMS data from DEQ was filtered to only include collections from the 

months that this study was conducted; September through December.   

Streams were also sorted into high nutrient and low nutrient groups based on AMS 

nutrient data and EPA’s national drinking water regulation that nitrate and N concentrations 

greater than 10 mg/L are unsafe for human consumption (EPA 2009).  Differences between high 

and low nutrient groups were compared using non-parametric Mann-Whitney tests. 
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Water chemistry that can be measured in the field with a YSI were examined as predictor 

variables of seasonal TN and P concentrations using linear regressions.  The assessed parameters 

include turbidity, specific conductance, DO, temperature, and pH.  

 

Rapid	Assessment	of	Periphyton	
Rapid periphyton observations and the water quality data collected during this study, was 

organized in Microsoft Access, and statistically analyzed in R.   

Median values of periphyton cover and thickness were used as predictor variables to 

explain nutrient concentrations from field visits, and DEQ seasonal medians of TN and P 

concentrations.  Periphyton cover was recorded in percentages, and linear regression tests were 

used to evaluate trends with nutrient concentrations.  Biofilm thickness was recorded on a scale 

from 0 to 5, and one way ANOVAs were used when explanatory variables passed assumptions of 

homogeneity of variances and normal distribution of the data (Table 3).  When explanatory 

variables failed one or both assumptions, a non-parametric Kruskall-Wallis test was used.   

 

Taxonomic	Composition	of	Communities	
The taxonomic composition of diatom communities at each stream was qualitatively 

evaluated.  Samples were evaluated for generic richness, species richness, diatom species 

richness, unique species richness, acidophilic richness, motile richness, and eutraphentic 

richness.  Unique species were defined as species that were observed in only one sample.  

Species observed most often in samples were also identified.  Genera indicative of clean water, 

eutrophication, sedimentation, or acidic environments were noted based on a study by Hill et al. 

(2000).  Trends in richness were compared to trends in water quality and land use using one-way 

ANOVAs.  

Results	
 

Nutrient data from DEQ and from this study are displayed in Table 4.  Monitoring 

stations B5920000 (Location 12) and B0750000 (Location 2) consistently yielded some of the 

greatest N concentrations from both data sources.  Station B1380000 (Location 4) consistently 

yielded some of the greatest P concentrations from both data sources.  Station B0540000 
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(Location 1) has some of the highest median nutrient concentrations, however this was not 

reflected in the data collected on November 3, 2017 during this study. 

 
Table 4.  Historical nutrient data collected by DEQ's AMS program and collected during this study.  Stream numbers correspond 
to numbered locations in Figure 3. 

 

	 	 1996	–	2016	Median	DEQ	AMS	
Data	(September	–	December)	

2017	Collection		
(September	–	December)	

Location	
Number	 Station	ID	 Monitoring	Location	 TN	(mg/L)	 P	(mg/L)	 TDN	(mg/L)	 P	(mg/L)	

1	 B0540000	 N	Buffalo	Creek	near	Greensboro	 10.88	 0.53	 0.62	 0.011	

2	 B0750000	 S	Buffalo	Creek	at	McLeansville	 7.80	 0.39	 12.54	 0.141	

3	 B1260000	 Town	Branch	near	Graham	 0.60	 0.05	 0.29	 0.013	

4	 B1380000	 Moadams	Creek	at	Gibson	Rd	
near	Florence	Town	 3.12	 0.29	 0.74	 1.95	

5	 B2000000	 Haw	River	near	Saxapahaw	 2.00	 0.26	 2.01	 0.045	

6	 B3899180	 Morgan	Creek	at	Mason	Farm	
WWTP	Entrance	at	Chapel	Hill	 0.80	 0.05	 0.98	 0.017	

7	 B4240000	 E	Fork	Deep	near	High	Point	 0.50	 0.05	 0.33	 0.005	

8	 B4621000	 Muddy	Creek	at	Suits	Rd	 0.62	 0.09	 0.39	 0.038	

9	 B4625000	 Muddy	Creek	near	Glenola	 0.72	 0.06	 0.21	 0.005	

10	 B4870000	 Haskett	Creek	at	Asheboro	
WWTP	Bridge	 0.53	 0.06	 0.33	 0.005	

11	 B5890000	 Loves	Creek	at	Waste	Treatment	
Plant	Rd	at	Siler	City	 0.79	 0.05	 0.32	 0.015	

12	 B5920000	 Loves	Creek	at	Progress	Blvd	at	
Siler	City	 13.00	 0.05	 10.96	 0.012	

13	 B5950000	 Rocky	River	at	US	64	near	Siler	
City	 0.97	 0.08	 0.53	 0.005	

14	 B5980000	 Rocky	River	at	Rives	Chapel	Rd	
near	Siler	City	 5.12	 0.16	 5.73	 0.005	

15	 B6000000	 Rocky	River	near	Pittsboro	 2.61	 0.09	 1.05	 0.005	

16	 B6204000	 Buckhorn	Crk	beside	SR	1921	
Buckhorn	Rd	near	Corinth	 0.41	 0.05	 0.11	 0.005	

17	 B6230000	 Avents	Creek	near	Cokesbury	 0.52	 0.03	 0.15	 0.005	

18	 B6830000	 Upper	Little	River	near	Lillington	 0.57	 0.03	 0.32	 0.005	

19	 B7280000	 Lower	Little	River	at	Manchester	 0.76	 0.09	 0.12	 0.005	

20	 B7319100	 Lower	Little	River	at	West	Reeves	
Bridge	Road	near	Walkertown	 0.91	 0.11	 1.02	 0.112	



 18 

Table 5.  Proportions of land use in monitoring station drainage area and number of wastewater treatment plants 
within 2 km upstream of monitoring locations.  Stream numbers on table correspond to numbered locations in 
Figures 3 and 4. 

 

Nutrient	Source	Indicators	
The distribution of land cover in monitoring locations’ drainage areas, and the count of 

WWTPs are described in Table 5 and visualized in Figure 4.  Trends between seasonal nutrient 

concentrations, percent cover of agricultural land, developed land, and vegetated land were 

evaluated.  Changes in developed land can significantly predict changes in TN and P (Figures 5 

and 6).  As the percent cover of developed land increased, TN and P concentrations significantly 

increased (p = 0.02, p = 0.04).  Changes in naturally vegetated land were quantified using the 

National Land Cover Dataset and used to predict changes in stream TN and P concentrations 

(Figures 7 and 8).  As the percent cover of vegetated land increased, TN and P concentrations 

Number	 Station	ID	 Monitoring	Location	 Catchment	
Area	(sq.	mi.)	

Developed	
(%)	

Vegetated	
(%)	

Agriculture	
(%)	

WWTP	
Presence	

1	 B0540000	 N	Buffalo	Creek	near	
Greensboro	 37.46	 84.63	 11.45	 3.49	 Yes	

2	 B0750000	 S	Buffalo	Creek	at	McLeansville	 40.49	 73.70	 18.71	 7.37	 Yes	

3	 B1260000	 Town	Branch	near	Graham	 4.05	 80.23	 17.21	 2.56	 No	

4	 B1380000	 Moadams	Creek	at	Gibson	Rd	
near	Florence	Town	 3.2	 59.47	 8.64	 15.11	 Yes	

5	 B2000000	 Haw	River	near	Saxapahaw	 0.03	 21.44	 64.97	 11.05	 No	

6	 B3899180	 Morgan	Creek	at	Mason	Farm	
WWTP	Entrance	at	Chapel	Hill	 40.94	 19.96	 67.67	 11.26	 Yes	

7	 B4240000	 E	Fork	Deep	near	High	Point	 10.44	 64.66	 21.59	 13.20	 No	

8	 B4621000	 Muddy	Creek	at	Suits	Rd	 4.93	 60.80	 4.06	 18.58	 No	

9	 B4625000	 Muddy	Creek	near	Glenola	 4.03	 75.51	 18.21	 6.24	 No	

10	 B4870000	 Haskett	Creek	at	Asheboro	
WWTP	Bridge	 11.75	 59.84	 36.61	 3.46	 Yes	

11	 B5890000	
Loves	Creek	at	Waste	

Treatment	Plant	Rd	at	Siler	
City	

10.15	 38.92	 47.04	 13.84	 No	

12	 B5920000	 Loves	Creek	at	Progress	Blvd	at	
Siler	City	 0.002	 58.53	 41.47	 0.00	 No	

13	 B5950000	 Rocky	River	at	US	64	near	Siler	
City	 67.19	 8.11	 50.01	 40.78	 No	

14	 B5980000	 Rocky	River	at	Rives	Chapel	Rd	
near	Siler	City	 17.92	 5.08	 60.56	 33.94	 No	

15	 B6000000	 Rocky	River	near	Pittsboro	 38.89	 4.13	 71.34	 24.06	 No	

16	 B6204000	 Buckhorn	Crk	beside	SR	1921	
Buckhorn	Rd	near	Corinth	 78.16	 9.56	 72.32	 9.20	 Yes	

17	 B6230000	 Avents	Creek	near	Cokesbury	 11.27	 6.80	 70.01	 22.75	 No	

18	 B6830000	 Upper	Little	River	near	
Lillington	 0.01	 5.59	 80.24	 0.00	 No	

19	 B7280000	 Lower	Little	River	at	
Manchester	 345.44	 11.54	 75.55	 9.78	 No	

20	 B7319100	
Lower	Little	River	at	West	
Reeves	Bridge	Road	near	

Walkertown	
67.19	 23.76	 66.03	 7.71	 Yes	
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significantly decreased (p = 0.04, p = 

0.04).  Historically collected TN and 

P did not have significant 

relationships with agricultural land, 

nor slope. 

Trends in periphyton cover 

and biofilm thickness were also 

evaluated against trends in the 

percent cover of agricultural land, 

developed land, vegetated land, and 

slope.  As the percent cover of 

agricultural land increased, 

downstream periphyton cover also 

increased (Figure 9, p = 0.08).  

Vegetated land, developed land, and 

slope did not significantly explain 

changes in periphyton cover and 

biofilm thickness.   

Nutrient concentrations, 

periphyton cover and biofilm 

thickness were compared between 

groups with and without WWTPs.  Catchments with at least 1 WWTP within 2 km upstream of 

the monitoring location yielded significantly greater percent cover of periphyton downstream 

(Figure 10, p < 0.01).  There was no significant difference in TN and P concentrations between 

sites with WWTPs in their catchments and sites without WWTPs in their catchments. There was 

no significant difference in biofilm thickenss between sites with WWTPs and sites without 

WWTPs. 

Nutrient concentrations, periphyton cover, and biofilm thickness were also compared 

between reference sites (sites with low nutrients, and high percent cover of forested land), and 

experimental sites. However, there were no significant differences between groups.  

Figure 4.  Land use cover in the study region.  Drainage areas 
denote contributing land to monitoring locations.  Land use data was 
downloaded from the 2011 National Land Cover Database. 
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Figure 5.  Developed land cover and seasonal median 
TN.  TN data was obtained from DEQ's 1996-2016 
AMS program and filtered to only include collections 
from September through December.  Grey areas indicate 
95% confidence intervals.  Developed land includes 
high, medium, and low intensity development and was 
obtained from the 2011 National Land Cover Dataset. 

Figure 6.  Developed land cover and seasonal median P.  
P data was obtained from DEQ's 1996-2016 AMS 
program and filtered to only include collections from 
September through December.  Developed land includes 
high, medium, and low intensity development and was 
obtained from the 2011 National Land Cover Dataset. 

 

Figure 7.  Vegetated land cover and seasonal median 
TN.  TN data was obtained from DEQ's 1996-2016 
AMS program and filtered to only include collections 
from September through December.  Vegetated land 
includes forests, herbaceous lands, and wetlands and 
was obtained from the 2011 National Land Cover 
Dataset. 

Figure 8.  Vegetated land cover and seasonal median P.  
P data was obtained from DEQ's 1996-2016 AMS 
program and filtered to only include collections from 
September through December.  Vegetated land includes 
forests, herbaceous lands, and wetlands and was 
obtained from the 2011 National Land Cover Dataset. 
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DEQ	Water	Quality	Data		

Trends in seasonal TN and P were 

compared to trends in seasonal water quality 

parameters that can easily be measured in the 

field.  pH had a significant positive relationship 

with TN (Figure 11, p = 0.02).  Specific 

conductance and temperature had signficant 

positive relationships with seasonal TN and P 

(Figures 12, 13, 14, and 15).  As specific 

conductance increased, concentrations of TN 

and P increased (p < 0.01, p < 0.01). As stream 

temperatures increased TN and P 

concentrations also increased (p < 0.01, p = 0.07).   

Historically collected seasonal medians of DO and turbidity had no significant 

relationships with seasonal TN, ammonia-N, and P.  Water quality parameters were also 

compared between high and low nutrient groups, however, there were no significant differences 

between groups.  

Figure 9.  Agricultural land cover and periphyton percent 
cover.  Periphyton cover was estimated during rapid 
assessments from September through December of 2017.  
Agricultural land was obtained from the 2011 National 
Land Cover Dataset. 

 

Figure 10.  Periphyton cover and the presence of at least 1 
upstream wastewater treatment plant within 2km of the 
monitoring location.  Periphyton cover was estimated 
during rapid assessment from September through 
December of 2017.  Locations of WWTP was obtained 
from DEQ. 

Figure 11.  Median seasonal pH and median seasonal 
TN.  Data was obtained from DEQ’s 1996-2016 AMS 
program and filtered to only include collections from 
September through December. 
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Rapid	Assessment	of	Periphyton	
 Results of the periphyton rapid assessment are displayed in Table 6.  Trends in 

periphyton cover and biofilm thickness were compared to trends in water quality parameters 

measured during site visits.  Analyses revealed that dissolved oxygen and temperature were 

Figure 12.  Median seasonal specific conductance and 
median seasonal TN.  Data was obtained from DEQ’s 
1996-2016 AMS program and filtered to only include 
collections from September through December. 

Figure 13.  Median seasonal specific conductance and 
median seasonal P.  Data was obtained from DEQ’s 
1996-2016 AMS program and filtered to only include 
collections from September through December. 

Figure 14.  Median seasonal temperature and median 
seasonal TN.  Data was obtained from DEQ’s 1996-
2016 AMS program and filtered to only include 
collections from September through December. 

Figure 15.  Median seasonal temperature and median 
seasonal P.  Data was obtained from DEQ’s 1996-2016 
AMS program and filtered to only include collections 
from September through December. 
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significantly correlated to periphyton cover 

(Figures 16 and 17).   As DO increased, the 

percent cover of periphyton in a stream reach 

decreased (p = 0.05).  As temperature increased, 

periphyton cover also increased (p = 0.08). DO 

measured onsite was also significantly correlated 

to the observed thickness of biofilm (Figure 18).  

When biofilm thickness was greater than 0.5 mm, 

DO was significantly lower (p = 0.07).  Periphyton 

cover and biofilm thickness were not significantly 

correlated to TDN, P, DOC, turbidity, specific 

conductance, pH, nor velocity measured in the 

field.  

Trends in periphyton cover and biofilm thickness were also compared to trends in water 

quality parameters that have been historically collected by DEQ.  Periphyton cover and biofilm 

thickness were not significanlty correlated to seasonal medians of TN, ammonia-N, nor P 

concentrations. Periphyton cover and biofilm thickness were also not significantly different 

between high and low nutrient groups.   

 

Figure 16.  DO and periphyton cover.  Periphyton cover 
was estimated during rapid assessment and DO was 
measured with a YSI from September through 
December of 2017. 

Figure 17.  Temperature and periphyton cover.  
Periphyton cover was estimated during rapid assessment 
and temperature was measured with a YSI from 
September through December of 2017. 

Figure 18.  DO and periphyton thickness.  Periphyton 
thickness was estimated during rapid assessment and 
DO was measured with a YSI from September through 
December of 2017.  See Table 3 for thickness scale. 
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Taxonomic	Composition	of	
Communities	

Taxonomic communities were 

characterized for each stream 

monitoring location based on generic 

richness, total species richness, diatom 

species richness, motile species 

richness, eutraphentic (existing in 

nutrient-rich environments) species 

richness, and acidophilic species 

richness observed in samples (Table 7).  

The most commonly observed species 

among samples were also identified 

(Table 8).  Additionally, species that 

were observed in only one sample were 

identified (Table 9).  

Richness metrics were 

compared to trends in land use and 

water quality data measured on the 

same day as composite sample 

collections.  No significant trends 

existed between nutrients and richness.  

However, there was a positive 

relationship between catchment area 

development and downstream motile 

genera species richness (Figure 19, p = 

0.08). 

 

Station	ID	 Stream	Name	
Median	
Cover	
(%)	

Median	
Thickness	(1:	<	
0.5	mm;	2:	0.5-

1	mm)	

B0540000	 N	Buffalo	Creek	near	
Greensboro	 33.75	 1	

B0750000	 S	Buffalo	Creek	at	
McLeansville	 58.50	 1	

B1260000	 Town	Branch	near	Graham	 69.79	 1	

B1380000	 Moadams	Creek	at	Gibson	
Rd	near	Florence	Town	 90.83	 1	

B2000000	 Haw	River	near	Saxapahaw	 70.58	 1	

B3899180	
Morgan	Creek	at	Mason	
Farm	WWTP	Entrance	at	

Chapel	Hill	
85.16	 1	

B4240000	 E	Fork	Deep	near	High	Point	 64.33	 1	

B4621000	 Muddy	Creek	at	Suits	Rd	 78.37	 2	

B4625000	 Muddy	Creek	near	Glenola	 21.1	 1	

B4870000	 Haskett	Creek	at	Asheboro	
WWTP	Bridge	 85.83	 1	

B5890000	
Loves	Creek	at	Waste	

Treatment	Plant	Rd	at	Siler	
City	

78.33	 2	

B5920000	 Loves	Creek	at	Progress	Blvd	
at	Siler	City	 47.08	 1	

B5950000	 Rocky	River	at	US	64	near	
Siler	City	 88.33	 2	

B5980000	 Rocky	River	at	Rives	Chapel	
Rd	near	Siler	City	 91.66	 1	

B6000000	 Rocky	River	near	Pittsboro	 46.45	 1	

B6204000	
Buckhorn	Crk	beside	SR	
1921	Buckhorn	Rd	near	

Corinth	
47.77	 2	

B6230000	 Avents	Creek	near	
Cokesbury	 66.91	 1	

B6830000	 Upper	Little	River	near	
Lillington	 65.00	 1	

B7280000	 Lower	Little	River	at	
Manchester	 13.33	 1	

B7319100	
Lower	Little	River	at	West	
Reeves	Bridge	Road	near	

Walkertown	
0.00	 1	

Table 6.  Results of the rapid assessment.  Periphyton cover 
and thickness was estimated at multiple locations across 3 
transect lines at each stream location.  See Table 3 for 
thickness scale. 
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Table 7.  Richness metrics from analysis of taxonomic composition of communities from monitoring stations.   
Motile, eutraphentic, and acidophilic taxa were identified based on Hill et al. (2000) and van Dam et al. (1994). 

Station	ID	 Stream	Name	 Generic	
Richness	

Total	
Species	
Richness	

Diatom	
Species	
Richness	

Motile	
Species	
Richness	

Eutraphentic	
Species	
Richness	

Acidophilic	
Species	
Richness	

B0540000	 N	Buffalo	Creek	near	Greensboro	 14	 15	 11	 6	 4	 1	

B0750000	 S	Buffalo	Creek	at	McLeansville	 12	 14	 9	 6	 3	 2	

B1260000	 Town	Branch	near	Graham	 11	 17	 17	 9	 9	 2	

B1380000	 Moadams	Creek	at	Gibson	Rd	near	
Florence	Town	 12	 14	 13	 7	 7	 0	

B2000000	 Haw	River	near	Saxapahaw	 14	 18	 15	 5	 6	 0	

B3899180	 Morgan	Creek	at	Mason	Farm	
WWTP	Entrance	at	Chapel	Hill	 15	 17	 12	 5	 6	 2	

B4240000	 E	Fork	Deep	near	High	Point	 14	 15	 11	 6	 5	 0	

B4621000	 Muddy	Creek	at	Suits	Rd	 11	 13	 9	 5	 5	 0	

B4625000	 Muddy	Creek	near	Glenola	 13	 17	 14	 5	 6	 3	

B4870000	 Haskett	Creek	at	Asheboro	WWTP	
Bridge	 15	 17	 13	 6	 6	 4	

B5890000	 Loves	Creek	at	Waste	Treatment	
Plant	Rd	at	Siler	City	 17	 20	 13	 6	 5	 3	

B5920000	 Loves	Creek	at	Progress	Blvd	at	
Siler	City	 8	 11	 11	 6	 8	 0	

B5950000	 Rocky	River	at	US	64	near	Siler	City	 20	 20	 12	 4	 7	 1	

B5980000	 Rocky	River	at	Rives	Chapel	Rd	
near	Siler	City	 17	 22	 15	 4	 8	 1	

B6000000	 Rocky	River	near	Pittsboro	 11	 11	 7	 3	 4	 0	

B6204000	 Buckhorn	Crk	beside	SR	1921	
Buckhorn	Rd	near	Corinth	 14	 15	 13	 6	 5	 2	

B6230000	 Avents	Creek	near	Cokesbury	 15	 16	 13	 7	 4	 3	

B6830000	 Upper	Little	River	near	Lillington	 7	 7	 5	 2	 1	 4	

B7280000	 Lower	Little	River	at	Manchester	 13	 14	 9	 2	 4	 3	

B7319100	 Lower	Little	River	at	West	Reeves	
Bridge	Road	near	Walkertown	 7	 8	 7	 5	 1	 4	

 

 
Table 8.  Species observed most often during analysis of taxonomic composition of communities across all 
monitoring locations.  Species were identified to the genus level and each unique species was numbered.  Water 
quality indications are from Hill et al. (2000) and van Dam et al. (1994).  

 

 
 

 

 

Genus	 Species	ID	 Number	of	
Observations	

Genus	Indication	of	
Water	Quality	

Gyrosigma	 1	 14	 Nutrient	Enrichment	
Sedimentation	

Navicula	 1	 14	 Sedimentation	

Nitzchia	 1	 13	 Nutrient	Enrichment	
Sedimentation	

Melrosia	 1	 12	 Nutrient	Enrichment	

Oscillatoria	 1	 10	 Cyanobacteria	
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Table 9.  Species observed in only one stream during analysis of taxonomic composition of communities.  Species 
were identified to the genus level and each unique species was numbered. 

Station	ID	 Stream	Name	 Unique	Taxa		

B0540000	 N	Buffalo	Creek	near	Greensboro	
Coccoid	green	
Homeo	cyano	
Staurastrum	sp.	

B0750000	 S	Buffalo	Creek	at	McLeansville	
Lyngbya	sp.1	
Penium	sp.	
Red	algae	

B1260000	 Town	Branch	near	Graham	
Epithemia	sp.	

Gomphonema	sp.4	
Navicula	sp.4	

B1380000	 Moadams	Creek	at	Gibson	Rd	
near	Florence	Town	 Stephanodiscus	sp.	

B2000000	 Haw	River	near	Saxapahaw	

Cyclotella	sp.	
Gomphonema	sp.6	

Navicula	sp.5	
Stephanodiscus	sp.	

B3899180	 Morgan	Creek	at	Mason	Farm	
WWTP	Entrance	at	Chapel	Hill	 Unknown	cyano	sp.1	

B4240000	 E	Fork	Deep	near	High	Point	 Lyngbya	sp.3	

B4621000	 Muddy	Creek	at	Suits	Rd	 Iron	bacteria	

B4625000	 Muddy	Creek	near	Glenola	 Fragilaria	sp.4	
Nitzschia	sp.6	

B4870000	 Haskett	Creek	at	Asheboro	
WWTP	Bridge	

Ankistrodesmus	sp.	
Centric	diatom	

Gomphonema	sp.8	
Pinnularia	sp.5	

B5890000	 Loves	Creek	at	Waste	Treatment	
Plant	Rd	at	Siler	City	

Oscillatoria	sp.4	
Rivularia	sp.	

B5920000	 Loves	Creek	at	Progress	Blvd	at	
Siler	City	 Tryblionella	sp.	

B5950000	 Rocky	River	at	US	64	near	Siler	
City	

Cosmarium	sp.	
Hydrodictyon	sp.	

B5980000	 Rocky	River	at	Rives	Chapel	Rd	
near	Siler	City	

Unknown	diatom	sp.	1	
Unknown	diatom	sp.	2	

Fragilaria	sp.2	
Fragilaria	sp.3	
Frustrulia	sp.2	

Gomphonema	sp.3	
Pediastrum	sp.	

B6000000	 Rocky	River	near	Pittsboro	 Oscillatoria	sp.5	

B6204000	 Buckhorn	Crk	beside	SR	1921	
Buckhorn	Rd	near	Corinth	 Pleurosigma	sp.	

B6230000	 Avents	Creek	near	Cokesbury	 Navicula	sp.6	
Stauroneis	sp.	

B6830000	 Upper	Little	River	near	Lillington	
Closterium	sp.	
Synedra	sp.3	
Tabellaria	sp.	

B7280000	 Lower	Little	River	at	Manchester	 NA	

B7319100	 Lower	Little	River	at	West	Reeves	
Bridge	Road	near	Walkertown	 NA	



 27 

Discussion	
	
Land	Use	and	Wastewater	Treatment	
Plants	
 Examining the sources of elevated 

nutrients is a valuable tool to identify where 

additional monitoring locations should be 

established.  Land use and WWTPs are 

significant non-point and point source 

contributors of nutrients into watersheds 

(Winter and Duthie 1998).  Understanding the 

distribution and frequency of these upstream 

pollution sources is key to understanding long 

term nutrient trends and will be valuable to 

projecting future nutrient problem areas in watersheds.  Results show that examining certain land 

use types can help us predict levels of TN and P. 

	
Developed	and	Undeveloped	Land	

Quantifying upstream proportions of developed and vegetated land proved to be 

promising predictors of nutrient concentrations.  The more developed land in a catchment area, 

the greater downstream N and P concentrations tend to be (Figures 5 and 6).  Conversely, the 

more vegetated land in a catchment area, the lower N and P concentrations tend to be (Figures 7 

and 8).  These will be useful metrics to identifying nutrient problem areas and reference stream 

reaches to fill  stream water quality data gaps.  It would be particularly interesting to identify low 

nutrient stream reaches with upstream areas dominated by vegetation that are expected to 

become increasingly urbanized to monitor the unit change in nutrients with a unit change in 

developed land.  

	
Agriculture	

Although there was no significant trend between agriculture and nutrients, periphyton 

cover significantly increased with increasing upstream agricultural cover (Figure 9).  This 

indicates that runoff from agricultural land may be providing a resource to periphyton 

Figure 19.  Motile species richness and developed land.  
Developed land data was obtained from the 2011 NLCD.  
Periphyton composite samples were collected from 
September through December.  Species richness was 
quantified from the laboratory analysis of taxonomic 
composition of communities from composite samples.  
Motile species were identified by Hill et al. (2000). 



 28 

communities that allows them to increase in cover.  A study by Lenat and Crawford (1994) also 

found the greatest abundance of biologic indicators downstream of agriculture.  This finding 

could become a meaningful predictor to nutrient levels if additional periphyton monitoring 

results in a correlation between periphyton cover and nutrient concentrations.  The fact that the 

nutrient concentration results did not yield a significant relationship with agriculture could be 

due to the overall land use patterns in the catchment areas of the selected monitoring locations or 

due to uptake/attenuation.  Unlike patterns observed of developed land and vegetated land, 

agricultural land did not dominate any of the study catchments.  Riparian buffers downstream of 

agriculture are essential to attenuating nutrients from agricultural runoff, however their presence 

or absence was not considered in this study.  Additionally, row crop agriculture generally has 

higher nutrient yields than pasture.  However, for this analysis, different agriculture types were 

combined.  Lenat and Crawford (1994) found the higher nutrient concentrations downstream of 

agriculture rather than development.  A repeatable analysis that includes some agriculturally 

dominated catchment areas, distinguishes between agriculture types, and identifies areas with 

and without riparian buffers may yield results that can improve predictions of downstream 

nutrient concentrations.   

Wastewater	Treatment	Plants	
  The presence of WWTPs within 2km upstream of monitoring locations yielded 

significantly thicker periphyton observations (Figure 10). While there was no consistent trend 

between nutrients and WWTPs, it is evident in the data that some of the highest nitrogen 

concentrations measured were directly downstream of a WWTP (stations B5890000 and 

B0540000).  Elevated nutrient concentrations in streams where no WWTP is present could be 

attributed to high proportions of upstream development.  Conversely, low nutrients in streams 

directly below a WWTP could be explained by attenuation in the channel, a high degree of 

nutrient reduction at the treatment plant, and or/high proportions of vegetation upstream.  A 

repeated analysis of nutrients and WWTPs that considered the influence of land cover may better 

isolate the effects of wastewater nutrient inputs on downstream water quality.  

A replicated investigation with more than 20 observations would allow for multivariate 

regression analyses.  This could be useful in identifying if there are any meaningful combination 

of land cover types and point sources that can more accurately predict nutrient concentrations.  

An analysis with a larger sample size could also potentially be used to create a quantifiable 
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metric that can be used to identify areas of high or low nutrient concentrations.  While land use 

trends and the presence of WWTPs were compared to historical nutrient concentrations from a 

robust dataset, this approach could be used to evaluate potential nutrient levels in stream reaches 

where data is lacking.  Land use data is publically available online, and is an easy first metric to 

identifying where additional nutrient testing should be completed.  Location data of WWTPs is 

available at the request of DEQ, however the AMS data is publically available and indicates if a 

stream is at a WWTP. 

	
Water	Quality	Parameters	in	the	Field	

To fill stream water quality data gaps and gain a better understanding of water quality 

throughout the state, additional monitoring locations may need to be identified.  However, it may 

not be feasible for DEQ to take routine samples from a large  number of additional sites outside 

of the ambient monitoring network to test for nutrient concentrations.  Results show that certain 

water quality parameters measured by a YSI handheld meter could be a useful indicator of N and 

P levels.  Using a handheld water quality meter at monitoring locations can yield instant readings 

and potentially prevent nutrient testing in areas where it is not necessary.  Additionally, the use 

of a YSI does not require any advanced knowledge nor lengthy training.  Granted that the 

equipment is available, the task of recording the water chemistry with a YSI could be assigned to 

students or volunteers.   

Specific	Conductivity			
In this study, the most promising parameter that may indicate elevated nutrient levels was 

found to be specific conductance.  Specific conductance measures water’s ability to conduct 

electricity.  This is influenced by inorganic dissolved solids, including nitrate and phosphate 

ions, both of which carry a negative charge (EPA 2012).  Results confirm that specific 

conductance was positively correlated with both TN and P concentrations (Figures 12 and 13).  

The greater the concentration of TN and P, the more ions present in the water, and therefore the 

greater the specific conductance reading.  Specific conductance has also been identified by others 

as a useful metric for identifying if there are any spikes in nutrient concentrations (Gali et al. 

2012).  This could be particularly beneficial in monitoring changes in water quality after storm 

events.  The relationship between specific conductance and TN appears to be logarithmic.  When 

TN is below 2.0 mg/L, specific conductance tends to stay below 200 uS/cm.  TN concentrations 
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greater than 3.0 mg/L yield specific conductance readings greater than 300 uS/cm.  A similar 

relationship emerges with P.  When P is below 0.1 mg/L, specific conductance is most often 

below 250 uS/cm.  When P concentrations exceed 0.15 mg/L, specific conductance values tend 

to exceed 300 uS/cm.  DEQ would benefit from exploring this relationship further to define 

specific conductance values that will inform when nutrient levels may be of concern.  If a 

specific conductance reading is above some defined normal level, then it may be appropriate to 

confirm with nutrient testing.  Additionally, elevated specific conductance levels can indicate the 

presence of wastewater.  

pH	
pH shows to have a logarithmic relationship with TN (Figure 11).  pH is a measurement 

of the concentration of hydrogen ions in water.  In other studies, pH in conjunction with DO has 

been found to influence the release of ammonium and nitrates from sediments.  In anaerobic 

conditions where pH is low (pH = 6), ammonium was easily released into waterbodies and 

triggered algal blooms.  In aerobic conditions were pH was nearing 10, nitrate was released from 

sediments into the water (Li et al. 2014).  Results of the study by Li et al. (2014) that display the 

relationship between N and pH are consistent with those of this study.  When TN is less than 1.0 

mg/L, pH values are variable and range from 6.0 to 7.5.  However, when TN is greater than 1.0 

mg/L, pH values are consistently greater than 7.0. This relationship alone will most likely not be 

useful in indicating elevated TN levels, however it could be a secondary metric to specific 

conductance that confirms the likelihood of higher than normal TN concentrations. 

Temperature	
Results also show a relationship between temperature and nutrient levels (Figures 14 and 

15).  When TN is below 1 mg/L, temperature is variable and ranges from 12 ºC to 18 ºC.  

However, when TN exceeds 3.0 mg/L, temperature is consistently greater than 16 ºC.  Similarly, 

when P is below 0.1 mg/L, temperature is variable and ranges from 12 ºC to 19 ºC.  However, 

when P exceeds 0.15 mg/L, temperature is consistently greater than 15 ºC.  Nutrient inputs are 

known to cause temperature increases.  However, temperature alone should not be used to 

predict elevated nutrient levels as there are many variables that influence temperature including 

the time of day the sample was taken, cloud cover, and groundwater inputs.  However, specific 

conductivity and pH are both known to be temperature dependent, and including temperature in 

the reporting of pH and specific conductivity could decrease the influence of temperature in 
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those readings and improve our ability to recognize when elevated nutrients are occurring based 

on these metrics (Indiana University Bloomington 2018).  A repeated study with a larger sample 

size would allow for multiple regression analyses and potentially lead to a greater understanding 

of how nutrients and temperature influence pH and specific conductivity.  This increased 

understanding will improve the ability to recognize when specific conductivity and pH are telling 

us that there are elevated nutrient concentrations.  

	
Rapid	Periphyton	Assessment	

Although water chemistry can be a useful tool to identify potential nutrient enrichment in 

streams, it does not reveal how biota are reacting to changes in water quality.  Periphyton 

monitoring can be a useful indicator of how the ecosystem is responding to changes in N and P, 

and therefore will be a valuable tool in establishing and monitoring nutrient criteria.  Results of 

the rapid assessment revealed patterns with DO and temperature (Figures 16, 17, and 18).  This 

demonstrates that the observations made of periphyton cover and thickness correlate to what is 

already known about the interactions between algae, DO, and temperature.  That is, algae create 

oxygen and the proliferation of algal communities can cause spikes in DO.  As these populations 

die, the decomposition process consumes DO and can result in significant reductions of DO 

available for fish and other aquatic life (Shilling 2007).  Additionally, changes in temperature 

can indicate changes in light or nutrient availability.  Sunlight and water temperatures can cause 

spikes in nutrient inputs.  Additionally, light and nutrients are valuable food energy sources 

required for algae to perform photosynthesis and reproduce (Shilling 2007).  Therefore, it is 

expected that interactions between temperature and periphyton exist.   

 Although there were observable links between land cover and periphyton variables, there 

were no significant trends between nutrient concentrations and field observations made about 

periphyton cover and thickness.  However, this is not the case for other studies.  Tennessee’s 

Department of Environment and Conservation conducted a study with comparable objectives and 

methods, however with a much larger sample size.  They only found links between the 

periphyton rapid assessment and nutrient concentrations in streams that were dominated by rocky 

substrates.  In streams that were dominated by finer substrates, or had a mixture of rocks and 

other substrate types, there was no significant trend between periphyton and nutrients (Arnwine 

& Sparks 2003).  The fact that the results of the rapid assessment (cover and thickness) did not 
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correlate with nutrient concentrations in this study could be due to the variability of substrates 

encountered in the streams.  Only one monitoring location was completely rock dominated 

(station B2000000).  The remaining stations contained a mixture of sand, woody debris, rocks, 

and leaf packs.  DEQ would benefit from additional periphyton monitoring with a focus on 

performing the assessments in rock dominated streams.  Although periphyton can be found in all 

types of stream reaches, it is difficult to estimate the thickness and cover of periphyton when 

ideal substrates are not present.  The addition of a periphyton monitoring program could be a 

good addition to DEQ’s already existing biological and chemical monitoring programs in 

streams.  If a rapid field assessment were completed during routine AMS sampling events, it 

would only add approximately 30 minutes to each site visit. Periphyton could be a valuable 

indication to how biota is faring in streams where fish and benthic monitoring is not already 

occurring. 

 

Taxonomic	Composition	of	Communities	
 At the level of analysis achievable for this pilot study, it is difficult to draw conclusions 

about stream water quality based on community composition.  There were no trends between 

nutrient concentrations and richness metrics.  Richness can be a challenging metric to predict 

nutrients as varying factors could influence the richness of a periphyton community.  High 

richness could either indicate biologic integrity, or inputs of nutrient in a typically nutrient-

limited system.  Low richness could be a due to the conditions of a naturally nutrient-limited 

system, or in polluted conditions where a few tolerant species will out compete others.  In 

addition, variations in substrate, flow conditions, sunlight, and the food web may affect richness. 

A pattern existed between the water quality indications of certain genera, and percent 

cover of developed land.  Development in a catchment area greater than 20% tended to have a 

motile genera species richness counts of 5 or greater (Figure 19).  This implies that land use may 

influence diversity of periphyton communities.  DEQ would benefit from further studies to 

evaluate how species diversity may help to develop a better understanding for effects of 

changing land use and water quality on the diversity of periphyton in Piedmont streams. 

Results also reveal that the periphyton community structure varied greatly between 

monitoring sites.  With more time, assemblages could be identified to a greater taxonomic 

resolution, allowing for a more in-depth analysis of the ecological role these species occupy in 
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the stream.  The composite samples collected during this study have been preserved for future 

work.  This would provide a better indication of what condition the stream is in.  For example, if 

most diatom species in a stream are motile, then it would be an indication that the stream reach 

may have a sedimentation problem.  

These comments are intended to serve as a first cut to understanding possible 

relationships between periphyton community composition and overall stream condition.  

Conclusions from this study can be used as supporting information to guide future studies.  More 

intensive, quantitative study of the periphyton assemblage and ecology are necessary to derive  

appropriate periphyton metrics for use in the development of biological indices to assess stream 

condition in the North Carolina Piedmont. 

Conclusions	and	Future	Work	
  

In DEQ’s process to establish nutrient criteria, this study serves as a preliminary 

examination of how to identify stream reaches with elevated nutrients, and how periphyton may 

contribute to our understanding of stream ecosystems and the biological monitoring program.  

High concentrations of developed land, and high specific conductance measurements 

consistently indicated elevated N and P in the Piedmont streams studied.  Additionally, vegetated 

catchment areas implied low levels of N and P.  With limited sampling, nutrients did not directly 

show statistically significant links to the thickness, percent cover, nor community composition of 

periphyton.  However, thicker and greater cover of periphyton at monitoring locations 

consistently also yielded low DO levels.  Several results suggested that watershed land-use 

influences stream periphyton cover and taxonomic composition. Elevated periphyton cover was 

found downgradient of agricultural land and wastewater treatment plants and an increase in 

motile species richness was found in periphyton in streams draining watersheds with greater 

developed land. More research is needed to adequately determine if patterns exist between 

periphyton biomass, taxonomic composition, and nutrient concentrations.   The results of this 

study prove that there are many opportunities and directions for future work that will assist in 

addressing the widespread nutrient issue in North Carolina.  Potential directions for future 

projects are described below:   
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Land	Use	
This study used only a small number of sites to facilitate the feasibility of field visits.  

However, a GIS screening of land use and all ambient monitoring data in the study area could 

help identify areas where high and low nutrient concentrations are likely.  Additionally, an 

analysis of the development and vegetation of catchment areas could identify new monitoring 

locations to fill a portion of the state’s data gap.  A repeated geospatial analysis with a larger 

sample size would also allow for multiple regression analyses.  Including agriculture, riparian 

buffers, and WWTPs an equation with development and vegetation may be able to say 

something more about nutrient concentrations. 

	
Water	Quality	Parameters	in	the	Field	

Using DEQ’s long-term collection of water quality data, specific conductance mapping 

along streams may help indicate areas with elevated nutrient inputs, as well as nutrient 

attenuation downstream.  A repeated analysis of specific conductance and nutrients with a larger 

sample size may result in the creation of a metric of specific conductance measurements to 

identify when higher nutrient concentrations are occurring.  Additionally, a larger sample size 

would allow for multiple regression analyses and including pH and temperature in the regression 

may help us predict instances of elevated nutrients.   

	
Periphyton	Metrics	

While the studied periphyton metrics did not clearly indicate elevated nutrient levels, 

they may still be able to tell us something about the quality of streams.  Motile species diversity 

appears to shift with changes in development, and if examined further, may show how 

development and sedimentation are affecting the biology of streams.  Since samples have been 

preserved, taxonomic identification of diatoms to the species level, and relative species 

abundance of communities collected during this study is possible in the future.  This may be able 

to give additional insight about the quality of stream ecosystems.  For example, a better grasp of 

the identification and relative abundance of eutraphentic diatom species may help in identifying 

occurrences of elevated nutrients.  Additionally, identification of nutrient reference streams may 

help to develop an understanding of what periphyton diversity is common for “undisturbed” 

streams, and what baseline periphyton communities, cover, and thickness should look like.  

Evaluations of the effects of shading, riparian buffers, channel substrates, streamflow, and 



 35 

groundwater inputs on periphyton communities may also help to inform how community 

composition varies across the study area. 
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Appendix	A	
 
Raw	Data	
 
Table 10.  Raw data collected in the field during this study. 

Station ID Stream 
Name 

Date 
Time 

Width 
(ft) 

Depth 
(in) 

Velocity 
(ft/s) 

Temp 
(˚C) pH DO 

(mg/L) 

Specific 
Conductance 

(uS/cm) 

Turbidity 
(NTU) 

DOC 
(mg/L) 

B0540000 N. Buffalo 
Creek 

11/3/17 
11:54 50 36.4 0.091 13.5 7.27 8.45 293 14 5.509 

B0750000 S. Buffalo 
Creek 

11/3/17 
11:00 38 26.7 1.24 22.4 7.32 5.89 981 3 19.67 

B1260000 Town 
Branch 

9/29/17 
14:41 25 21 0.01 20.4 7.7 4.9 405.5 2.8 5.451 

B1380000 Moadams 
Branch 

9/29/17 
15:47 20 9 0.3 21.5 7.5 5.24 707 11.8 6.842 

B2000000 Haw River 9/29/17 
12:50 200 36 0.75 24.3 7.65 7.28 415.3 4 8.189 

B3899180 Morgan 
Creek 

9/29/17 
11:30 36 5 0.1 20.7 6.96 5.63 315.4 4.8 2.952 

B4240000 E. Fork 
Deep River 

11/3/17 
13:51 27 32 0.35 15.5 7.35 9.71 140.9 8 4.096 

B4621000 Muddy 
Creek 

12/1/17 
9:20 21.32 5.28 0.56 7.9 6.7 9.7 238 3 3.027 

B4625000 Muddy 
Creek 

12/1/17 
10:05 38.05 36.2 0.01 7.2 6.93 5.45 150 14 4.091 

B4870000 Haskett 
Creek 

12/1/17 
11:00 27.88 13.46 0.82 7.7 7 8.76 124.8 22 4.748 

B5890000 Loves Creek 10/20/17 
10:22 21 16.25 0.03 13.1 6.82 4.17 278.5 10 6.707 

B5920000 Loves Creek 10/20/17 
11:26 23 10 1.25 20 7.66 7.87 787 2 5.243 

B5950000 Rocky River 10/20/17 
12:25 26 14.19 0.34 16.9 6.9 5.9 115.4 2 8.755 

B5980000 Rocky River 10/13/17 
12:44 50 20.5 0.694 22 7.25 4.12 5.3 2 8.962 

B6000000 Rocky River 10/13/17 
11:12 108 33 0.03 21.8 7.86 6 529 8 7.31 

B6204000 Buckhorn 
Creek 

10/5/17 
9:15 30 18 0.05 16.5 6.36 4.59 102.1 26 3.915 

B6230000 Avents 
Creek 

10/5/17 
10:45 9 6 0.1 16.4 6.49 5.25 67.4 5 4.152 

B6830000 Upper Little 
River 

11/17/17 
12:42 50.85 78 0.23 9.8 7.03 9.22 155.2 5 3.295 

B7280000 Lower Little 
River 

11/17/17 
10:40 57.41 18 0.93 9.5 6.45 10.8 31.7 3 3.52 

B7319100 Lower Little 
River 

11/17/17 
11:38 58.39 23 2.65 9.4 6.05 10.01 68.5 4 6.215 
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Table 11.  Median water quality measurements from DEQ's AMS dataset.  Data collected from 1996 - 2016 and filtered to only 
include measurements from September through December. 

Station	ID	 Stream	Name	 DO	(mg/L)	 pH	
Specific	

Conductance	
(uS/cm)	

Temperature	(˚C)	 Turbidity	(NTU)	

B0540000	 N.	Buffalo	Creek	 7.5	 7	 360	 16.1	 3.9	

B0750000	 S.	Buffalo	Creek	 7.2	 7.5	 655.5	 20.35	 3.4	

B1260000	 Town	Branch	 8.6	 7.4	 243.31	 14.5	 4.1	

B1380000	 Moadams	Branch	 8.15	 7.2	 437.5	 16.4	 9.5	

B2000000	 Haw	River	 9.2	 7.245	 245	 15	 10	

B3899180	 Morgan	Creek	 8.05	 7.05	 179.5	 16.7	 3.5	

B4240000	 E.	Fork	Deep	River	 9.8	 7.3	 117	 13	 12	

B4621000	 Muddy	Creek	 7.905	 7.1	 168	 12.45	 4.05	

B4625000	 Muddy	Creek	 8.2	 6.88	 136	 12.65	 7.85	

B4870000	 Haskett	Creek	 8.39	 6.90	 111	 13.5	 12.55	

B5890000	 Loves	Creek	 7.33	 7	 172.5	 16.55	 4.7	

B5920000	 Loves	Creek	 8.45	 7.64	 649.5	 18.85	 1.65	

B5950000	 Rocky	River	 6.4	 6.8	 99	 18	 4.1	

B5980000	 Rocky	River	 7.5	 7.15	 316	 17.4	 3.75	

B6000000	 Rocky	River	 11	 7.5	 215	 12.5	 2.9	

B6204000	 Buckhorn	Creek	 5.96	 6.8	 111	 13.7	 3.45	

B6230000	 Avents	Creek	 8.7	 6.7	 60	 13.95	 5	

B6830000	 Upper	Little	River	 8.3	 6.4	 65	 14.95	 4.1	

B7280000	 Lower	Little	River	 8.9	 6.3	 44	 16	 3.7	

B7319100	 Lower	Little	River	 8.55	 6.155	 51.5	 14.65	 3.8	
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Appendix	B	
	
Photos	
B0540000	–	North	Buffalo	Creek	

 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Pinnularia sp. 1 
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B0750000	–	South	Buffalo	Creek	
 

                  
 
 
 
 
B1260000	–	Town	Branch	

 
 
 
 

Gyrosigma sp. 1 

Navicula sp. 4 
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B1380000	–	Moadams	Branch	
 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
B2000000	–	Haw	River	
 
 

Surirella sp. 1 

Spirogyra sp. 1 
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B3899180	–	Morgan	Creek	at	WWTP	
 

 
	
	
	
	
	
	
	
	
	
	

B4240000	–	East	Fork	Deep	River	
 

Stephanodiscus sp. 1 

Biddulphia sp. 1 
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B4261000	–	Muddy	Creek	
 
 
 
 
 
	
	
	
	
	
	
	
	

B4265000	–	Muddy	Creek	
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Neidium sp. 1 

Cymbella sp. 2 
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B4870000	–	Haskett	Creek	

 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
B5890000	–	Loves	Creek	at	WWTP	
 

 

Mougeotia sp. 1 

Rivularia sp. 1 



 46 

	
B5920000	–	Loves	Creek	
 

	

B5950000	–	Rocky	River	
 

 

Tryblionella sp. 1 

Aulacoseira sp. 1 
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B5980000	–	Rocky	River	
 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
B6000000	–	Rocky	River		
 

 

Fragilaria sp. 3 

Lyngbya sp. 2 
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B6204000	–	Buckhorn	Creek	

	
B6230000	–	Avents	Creek	

 

Pleurosigma sp. 1 

Stauroneis sp. 1 
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B6830000	–	Upper	Little	River	
 

	
B7280000	–	Lower	Little	River	

 

Frustrulia sp. 1 

Eutonia sp. 2 
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B7319100	–	Lower	Little	River	
 

	

	

	

	

	

	

	

	

	
 

Melrosia sp. 1 
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Appendix	C	
	
Additional	Analyses	
 

 
 
 

 
Figure A.  Periphyton thickness and TDN.   

 
 
 
 
 
 

 
Figure B. Periphyton cover and TDN. 
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Figure C. Periphyton thickness and P. 

 
 

 
 
 
 
 

 
Figure D. Periphyton cover and P. 
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Figure E.  Periphyton thickness and the historical median value of TN 

 
 
 
 
 

 
Figure F. Periphyton cover and the historical median of TN. 
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Figure G. Periphyton thickness and the historical median of P. 

 
 
 
 
 
 
 

 
Figure H.  Periphyton cover and the historical median of P. 
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Figure I.  Species richness of eutraphentic genera and TDN. 

 
 

 

 
Figure J.  Species richness of eutraphentic genera and the historical median value of TN. 
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Figure K.  Species richness of acidophilic genera and pH. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


