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ABSTRACT

Approximately 60% of the Red River Watershed is used to praaiyeultural products and
is impacted by nonpoint-source pollution. The water quafithe® West Fork of the Red River was
evaluated by examining concentrations of soluble reactive pbosps and N@+ NGO nitrogen,
periphyton biomass, photoautotrophic periphyton physiologiediis, and the structure of the diatom
assemblage. A high concentration of NONG; nitrogen (4.9 mg/L) and a high concentration of
photoautotrophic periphyton (10148 mg chlorophyle/m? stream bottom) indicate the stream site
sampled was impacted by nutrient enrichment. The threeabaadant diatom taxa wer@cconeis
placentula var. euglypta Erenb. (38%)Gomphonema brasiliense Kiitz. (16%), andNavicula minima
Grun. (4%). Low values for the Siltation Index and OrgaRdalution Index for the diatom
assemblage reveal the assemblage was not negatively impga#tation nor high concentrations of
dissolved organics. Our results indicate the West FottteoRed River should be targeted for habitat
improvement by reduction of nutrient enrichment.
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Nutrient enrichment and sediments from non-point soureemast responsible for the biological
impairment of United States waters (Irvine & Murphy 2009). ses&sments of pollution are
prerequisites to developing watershed management plansteztpaquatic ecosystems (Smucker &
Vis 2009). Biological monitoring is essential to charazterand quantify the influences of water
quality. Periodic water sampling for chemical analysese may not reveal the impact of nonpoint-
source pollution because pollutants from nonpoint sources efter waterways in pulses. In
addition, chemical analyses do not reveal the impacts of jollah biological integrity (Taylor et al.
2007). We used multiple approaches to evaluate the impaestsigioint source pollution, including
determinations of nutrient concentrations in water sasnmealuations of periphyton biomass and
physiological status, and analyses of the structure of #endiassemblage.

Photoautotrophic periphyton are the most important pyinpgoducers in the majority of
wadeable streams (Lambert & Steinman 1997). Nutrientclement of streams changes
photoautotrophic periphyton characteristics and affectdeagtoeam ecological relationships. The
composition, biomass, and physiological status of photoautotroplriphyton are excellent
indicators of water quality and are used universally t@¥olthanges in aquatic environments (Eaton
etal. 2005).

The West Fork of the Red River is a fourth-order streathe site sampled and joins the Red
River two km upstream of the confluence of the Red and CuangeRivers in Clarksville,
Tennessee (Fig. 1). The Red River Watershed is in thstaw Pennyroyal Karst Level IV
Ecoregion. The geologic base of the watershed is Mississipge limestone and includes some
chert, shale, siltstone, sandstone, and dolomite. The soistam loess mantle, highly erodible, and
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very fertile (Baskin et al. 1997). Forests are Westeraddkytic and consist largely Quercus and
Carya species (Baskin et al. 1997). Approximately 60% of the watdrds used to produce
agriculture products including tobacco, corn, soybean, inastbck (TDEC 2009). The cumulative
effects of erosion, agricultural runoff, livestock ascés streams, and poorly functioning sewage
systems result in poor quality water.

M ethods

Periphyton and water were sampled in the West Fork dR#teRiver at Billy Dunlop Park
in Clarksville, Tennessee on Sept. 11, 2013 following 2 weelksuti significant precipitation. Two
transects from the waterlines of opposing banks, 10 m apam, e@stablished at the sampling site.
Transect widths and stream depths at 1/3 intervalsobf teansect were determined. Stream velocity
was determined as the time required for a density-neafbfatt to travel 10 m downstream. Stream
discharge was calculated as: Discharge = WiBt&pth' Velocity - 0.9 (Robins & Crawford 1954).

Red River

Elk Fark

Buzzard Creek

Littlevest Farl

Sulphur Fark
Clarksville

Figure 1. Location of the Red River Watershed (daek)and location of the sampling site (dark circle).

Water samples to determine nitrogen and phosphorous concesratere collected
midstream, 5 cm below the surface. Concentrations of gofebttive phosphorous and NONGO;
nitrogen were determined with a Lachat QuickChem 8000 Floection Analyzer (Lachat
Instruments, 5600 Lindbergh Dr., Loveland, CO 80538).

Five midstream plots in the 10-m reach were establish#d0;25 nf wire frames. The
fractions of cobble and very coarse gravel (considerddestabstrate) and coarse gravel plus smaller
substrate (considered unstable substrate) in each pletreeorded. Two cobbles nearest the plot
center were removed. One cobble was used for determinafiopergophyton dry weight,
determinations of pigment concentrations, and ash-frephy¢on dry weight. One cobble was used
to evaluate diatom composition. One sample of unstable até8wm each plot was removed with a
core sampler (30 ci for determinations of pigment concentrations associat#d unstable
substrate.

Laboratory methods for measurements of ash-free peripllyjoweight and concentrations
of periphyton chlorophyll (chla and pheophytin (phe@) are described in Eaton & (2005). The
surface area of cobble from which periphyton was removedcaisilated by covering the upper
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surface with aluminum foil, weighing the foil, and extrapoigtweight to surface area (Hauer &
Lamberti 2006). The autotrophic index (Al) was calculatedgughe equation of Crossy and LaPoint
(1988): Al = [Ash-free periphyton dry weight i§g)]/[chlorophyll a (gm?)]. Identification of

epilithic diatoms and calculation of diatom indices followleel methods described in KDOW (2002).

Results and Discussion

Stream site morphological characteristics were determinegrovide detail of the abiotic
characteristics of the sampling site (Table 1). Stalidstsate for periphyton growth (cobble and very
coarse gravel) comprises approximately 1/3 of the benthicosmuent.

Table 1. Abiotic characteristics of the West Forklef Red River at the site sampled at Billy Dunlop Park i
Clarksville, Tennessee.

Assay Mean SE

Width (m) 19.0+41.5
Depth (m) 0.3+0.1
Velocity (m/s) 0.3+0.0
Discharge 1.9 +0.0
Percent benthic substrate

Stable substrate (cobble + very coarse gravel) _32%0H

Unstable substrate (substrate smaller than vergeggavel) 66% + 21.0

The concentration of soluble reactive phosphorous (Tablea®)in the range symbolic of
mesotrophic water (moderately nutrient enriched), whateasoncentration of NOF NO; nitrogen
(Table 2) was well above the boundary delineating mesotraminic eutrophic water (Table 3).
Nutrient enrichment increases periphyton biomass. Periphyiomass, estimated as the
concentration of chla (mg/nf stream bottom) at the sampling site (Table 2) is tymitgleriphyton
biomass in other wadeable streams in Tennessee impactewnppint-source pollution (i.e.,
Lebkuecher et al. 2000) and is greater than the mesatreptrophic boundary suggested by Dodds
et al. (1998).

Table 2. Concentrations of soluble reactive phospharndsNQ + NO; nitrogen (md_™) and characteristics
of periphyton sampled from the West Fork of the Red Rav@illy Dunlop Park in Clarksville, Tennessee.

Assay Mean + SE
Soluble reactive phosphorous (mg/L) 0.04
NO;, + NO; nitrogen (mg/L) 4.93
Chl a (mg/nf stream bottom) 101.542.9
Chla (mg/nt cobble and very coarse gravel) 102.89%9
Chla (mgm’coarse gravel, sand, silt) 82.8 £40.2
Pheoa (mg/nf stream bottom) 0.46.6
Ash-free periphyton (g cobble) 49 R.7
Autotrophic Index 474 +12.2

Stable substrate typically supports a greater periphyton bsmaative to unstable substrate
(Myers et al. 2007). The biomass of photoautotrophic periphg$sociated with substrate smaller
than very coarse gravel (considered unstable substrate)8W4 of the biomass associated with
cobble and very coarse gravel (Table 2). This resulttrititess that small substrate can be an
important substrate for primary production in streanth teterogeneous benthic environments.
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Table 3. Suggested boundaries for the trophic classifickti@ts of streams by total phosphorous (TP), total
nitrogen (TN), and chlorophyll (ch§ (Doddset al. 1998).

Trophic level TP (mg/L) TN (mg/L) Chi (mg/nr)

Oligotrophic <0.025 <0.7 > 20

Mesotrophic 0.026 - 0.075 0.7-15 20-70
Eutrophic > 0.075 >15 >70

Measurements of the concentration of benthic pheophytino)pheeveal the health of
photoautotrophic periphyton. Chlis degraded to phem as photoautotrophic periphyton senesce,
hence high concentrations of preeadicate poor physiological condition. The low concentration of
pheoa relative to the concentration of cindicates (Table 2) the photoautotrophic periphyton were
in excellent physiological condition (Eaton et al. 2005). Tésult suggests the absence of chemical
pollutants such as herbicides that adversely affect thehhadgthotoautotrophic periphyton.

Organic pollution results from erosion of organic soipuih of manure or sewage, and
overgrowth of algae due to nutrient enrichment (Van @aad. 1994). An increase of organic debris
can change several biotic characteristics of aguaticamients. Excessive concentrations of decay
byproducts such as ammonia and hydrogen sulfide may be harmaqutdic organisms. The
autotrophic index (Al) is a ratio of periphyton biomass (gwitrm™) to photoautotrophic-periphyton
biomass (mg chb/m?). The Al reveals the trophic nature of the periphyton conityuand is
affected by the concentration of organics (Vannota.€t980). Al values typically range from 30 to
300; larger values indicate heterotrophic dominance assoeudtethigh concentrations of dissolved
organics (Torres-Ruiz et al. 2007). The Al value of thetWerk of the Red River (Table 2) indicates
that organic pollution did not impact the structure of th@bgton community.

Thirty-eight diatom taxa in 16 genera were identified frablde sampled in the West Fork
of the Red River (Table 4). The three most abundant diatomwase cconeis placentula var.
euglypta Erenb. (38%),Gomphonema brasiliense Kitz. (16%), andNavicula minima Grun. (4%).
The relatively low Shannon Diversity Index for the diatom atdage (Table 5) results from the high
evenness value, which in turn is due to the high relative amaedof ©cconeis placentula var.

euglypta.

The Siltation Index (SI) is the percentage of motileahiest (Bahls 1993). Motile diatoms are
able to avoid being buried and are tolerant of sedimentaBbmalues >50 denote severely degraded
habitat by excessive sediments. The low Sl value of gierdiassemblage (Table 5) indicates the
reach sampled was not sediment impaired. The organicipolluitdex (OPI) is the percentage of
taxa tolerant of organic pollution (Kelly 1998). OPI valge20 indicate the absence of significant
organic pollution, 21-40 infers some organic pollution presentyvalues > 40 suggest a significant
influence of organic pollution. The low OPI value of thatom assemblage (Table 5) indicates the
absence of organic pollution. This conclusion is supporyethé low value for the Autotrophic
Index (Table 2).

Our results indicate the West Fork of the Red River magted by nutrient enrichment. This
conclusion is supported by the high concentration of NAIO; nitrogen of the water and
concentrations of photoautotrophic-periphyton biomass abovedsetraphic-eutrophic boundary
suggested by Dodds et al. (1998). The structure of the diatomizlage indicates the assemblage
was not impacted by siltation nor dissolved organics. r€kelts suggest the West Fork of the Red
River should be targeted for habitat improvement by reslucif nutrient enrichment.
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Table 4. Diatom taxa and percent taxon composition sanifen cobble in the West Fork of the Red River
listed in alphabetical order.

Taxon name Percent
composition

Achnanthes pinnata Hust. 0.4
Achnanthidium deflexa-Reimer 0.4
Achnanthidium minutissimum (Kiitz.) Czarn. 0.4
Achnanthidiumrivulare Potapova and Ponander 54
Achnanthidium sp. 1.8
Amphora veneta Kiitz. 0.4
Cocconeis pediculus Ehrenb. 3.6
Cocconeis placentula Ehrenb. 2.7
Cocconeis placentula var. euglypta Ehrenb. 37.9
Cymbella affinis Kitz. 0.9
Gomphonema brasiliense Grun. 16.1
Gomphonema gracile Ehrenb. 0.4
Gomphonema pseudoaugur Lange-Bert. 0.4
Gomphonema pumilum (Grun.) Reichardt and Lange-Bert. 0.4
Gomphonema sp. 1.8
Gyrosigma scalproides (Rabenh.) Cleve 2.2
Luticola goeppertiana (Bleish) D.G. Mann 0.9
Navicula capitatoradiata Germ. 0.9
Navicula cryptotenella Lange-Bert. 1.3
Navicula elginensis Greg. 0.4

Navicula minima Grun. 4.0
Navicula menisculus Schum. 0.9
Navicula sp. 2.2
Navicula subrotundata Hust. 0.4
Navicula tripunctata (Miller) Bory 1.8
Nitzchia amphibia Grun. 0.4
Nitzschia disputata (Kitz) Grun. 0.4
Nitzschia frustulum (Kitz.) Grun. 1.3
Nitzchia sp. 0.9
Planothidium lanceolatum Bréb. 1.3
Planothidium lanceolatum var. dubia Grun. 1.3
Psammothidium curtissmum (Carter) Aboal 1.8
Reimeria sinuata (Greg.) Kociolek and Stoermer 1.3
Rhoicosphenia curvata (Kitz.) Grun. 0.9
SHlaphora pupula Kitz. 0.4
Sephanodiscus sp. 1.8
Achnanthidium sp. 1.8
Amphora veneta Kiitz. 0.4
Cocconeis pediculus Ehrenb. 3.6
Cocconeis placentula Ehrenb. 2.7
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Table 5. Metrics and indices of the diatom assemblageled in the West Fork of the Red River. The index
scale is the range of values possible from very goeenppoor quality water.

Index Index scale Index value
Taxa richness 38
Genus richness 16
Shannon Diversity Index 2.5
Evenness 1-0 0.70
Siltation Index 0-100 17.4
Organic Pollution Index 0-100 8.9
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