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Abstract 

MOLLY GRIMMETT. Con-elat ions of the Composition of Algae Assemblages to the 

Trophic State of Middle Tennessee Streams (Under the direction of DR JEFFERSON 

LEBKUECHER.) 

The use of soft algae for bioassessment is less common relative to fish and 

macroinvertebrates because the response of so ft-algae assemblages to changes in water 

quality is poorly understood . Algae assemblages at eight stream sites in seven watersheds 

in Middle Tennessee were studied to: I ) document the composition of algae assemblages, 

2) assess the trophic state of the stream sites, 3) con-elate the composition of soft-algae 

assemblages to trophic state, and 4) construct bi otic indices using soft-algae taxa to help 

monitor trophic state. Two-hundred thirty-two soft-algae and diatom taxa were identified. 

The change of so h-algae composition between May and August was two-fold greater 

relati ve to the change of di atom composition. The trophic state of the sites was assessed 

by eva luating the nutrient concentration of \Yater and benthic characteristics which 

included total phosphorus concentration of periphyton, ch lorophyll-a concentrat ion 

(mg/n,2 stream bottom), and ash-free dry mass of periphyton. Concentrations of total 

phosphorus of periphyton \\ as a more accurate of an indicator of trophic state relative to 

nutrient concentrations of \\ ater as indicated by Pearson's corre lation coefficients to 

benthic characteristics used to denote trophi c state. Trophic state preferences of soft-algae 

taxa were eva luated by calcu lat ing the abundance-\\ eighted average of the concentrations 

of chlorophyll o (A-WA,1i1 a) and the abundance-weighted average of pollution tolerance 

index (A-WAPT1) for each soh-algae taxon. Trophic state preferences for of soft- algae 



taxa present were used to ca lculate algae trophic indices. The indices significantly 

co1Telate to the trophi c state of streams. The algae trophic indices are the first indices to 

uti I ize peri phyton characteri stics as opposed to nutrient concentration of water to ass ign 

trophic-indicator va lues to soft-algae taxa to assess the trophic state of streams. The 

indices are easy to ca lculate, easy to interpret, and prov ide an additional method to 

monitor trophi c state. 

II 
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Chapter I 

Introduction 

The term photoautotrophic periphyton refers to benthic algae, both diatoms and 

soft algae. Photoautotrophic periphyton is the trophic base of mid-order streams, 

providing autochthonous materials for higher trophic organisms (DeNicola 1996). 

Nutrient enrichment of an aquatic system provides growth-limiting nutrients to these 

photoautotrophic organisms possibly resulting in excessive growth that has detrimental 

effects on the system. The composition of photoautotrophic periphyton provides insight 

into the environmental condition of a stream. Knowledge of how nutrient concentration 

influences the composition of photoautotrophic periphyton is essential in understanding 

how eutrophication effects shallow lotic systems (Dodds 2006). Quantification of the 

impact of eutrophication on photoautotrophic periphyton is crucial in the assessment of 

stream water quality and is necessary to establish better water management practices. 

Biomonitoring may determine the effect of water quality on the composition and 

structure of species assemblages and is often effective in the detection of impairment. 

Biomonitoring is used worldwide and with various types of organisms, most commonly 

fi sh, macroinvertebrates and diatoms (Carlisle 2008). Justus (2010), in a comparative 

study, evaluated the accuracy of using fi sh, macro invertebrates, and diatoms in detecting 

low-level nutrient enrichment. They concluded there was a significant co!l"elation of the 

three biotic indices to the nutri ent-enrichment grad ient. The diatom indices were the most 

sensiti ve to nutrient fluctuations (p :S 0.05) relati ve to other organism indices applied. 

Due to the sensitivity and continuous presence of these organisms in their respec ti ve 
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environment, bi otic indices accurately reflect fluctuation s in environmental conditions 

(Justus 20 I 0, Dufrene 1997). 

The trophic state of a lotic system can be infen-ed by the biomass of algae present 

(TDEC 2013). Quantification of trophic state is performed with a variety of methods 

however, each has certain limitations (Kurle & Cardinale 2011, Whitton 2012). Nutrient 

enrichment is commonly quantified through chemical analysis, though this practice may 

be inaccurate. Fluctuations of nutrients in a lotic system due to changes in flow regime 

make the eva luation the trophic state of a stream using water chemistry alone potentially 

inaccurate. Excess ive algae biomass may result in greater uptake and sequestering of 

nutrients from the water causing diminished leve ls of nutrients. 

Large quantities of algae biomass, as eva luated by chlorophyll-a concentrations, 

are indicati ve of eutrophicat ion (Khan and Ansa ri 2005). Therefore, the use chlorophyll-a 

concentrations as a measurement of algae biomass, thus trophic state, is often employed. 

The biomass of algae present in a system can be eas il y calculated by determination of the 

chlorophyll-a concentration per meter sq uared because 1.5% of dry algae biomass is 

chlorophyll a (Eaton 2005). Algae growth is influenced by numerous abiot ic and biotic 

characteristics of the stream reach making measurements of ch lorophyll-a concentrations 

alone possibly inaccura te indicators of trophic state (Kurle & Cardinale 20 I I) . 

Di atoms are often the foc us of bioassessment studies because the autecological 

information is we ll understood relati ve to soft algae (Po11er et al. 2008, Stancheva et al. 

2012). Diatom composition is com monl y used in water quality assessment in many 

European countries, as we ll as some middle-eastern countries, and is becoming more 
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common in the United States and Canada (Porter et al. 2008, Lebkuecher 2015 , 

Stancheva et al. 20 I 2, Lavoie et al. 20 I 4 ). Diatoms are the preferable aquatic bioinclicator 

due to their rapid lifecycles and are more accurate in the detection of small changes in 

nutrients and harmful chemicals or contaminants (Ji.ittner et al. 2003, Justus et al. 20 I 0, 

Canton a ti et al. 2014 ). Diatoms are beneficial in the identification of heavy metal 

contaminants, acidification, and nutrients, such as phosphorous and nitrogen, because 

exposure causes a decrease in abundance of specific taxa and does not result in fatality as 

it does in macroinvertebrates or fish (Cantonati et al. 2014). The pollution tolerance index 

(PTI) is the standard index utilizing diatoms to assess trophic state in many southeastern 

states (KDOW 2002). Diatom composition may not accurately portray trophic state. For 

example, Cocconesis pfacentula is associated with oligotrophic conditions, but is often 

epiphytic on filamentous algae, such as Vaucheria. which has a eutrophic association. 

The composition of soft-algae assemblages in response to nutrient concentrations 

remains relatively unstudied compared to diatoms (Porter 2008, Smucker and Vis 2013). 

Few indices using so ft algae currently ex ist and all utili ze nutrient concentration of the 

water, typically so luble reactive phosphorus (Schneider and Lindstrnm 2011, Porter 

2008). The periphyton index of trophic state (PIT) utili zied the composition of soft algae 

exclusively to evaluate the effects of nutrient concentration on lotic systems in northern 

Europe (Schneider and Lindstrnm 20 I I). The primary deficency of this index is the 

difficulty of demonstrating a correlation between water quality and percent composition 

of soft-algae taxa without accounting fo r geographic variation, as well as variation in 

stream quality and taxa present outside of northern Europe (Porter 2008). 
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So lt-algae taxa may be more affected by ab iotic and biotic changes within the 

system relati ve to diatoms. For example, intermittent changes in water velocity may have 

a greater impact on so ft-algae assemblages due to their greater surface area relative to 

di atoms (Whitton 2012). The algae trophic index (ATlr) is an index that used the 

Pearson' s con-elation coefficient of soft-algae taxa abundance to soluble reactive 

phosphorus of the water as trophic-state indicates for the soft taxa present (Lebkuecher 

2015). The A Tlr accurately portrayed the trophic state in Sulphur Fork due to the 

continuous state of enrichment from a wastewater treatment facility located upstream. 

The foundation of the ATir is the co1Telation of the soft-algae taxa to nutrient 

concentrations of the water, thus addition of taxa to this index outside of this stream is 

implausible due to the fact that of nutrient concentrations of water are often not an 

accurate indicator of trophic state. 

For this study, so ft- algae assemblages were analyzed using the abundance­

weighted average of benthic characteristics, including chlorophyll-a concentrations, total 

phosphorus of benthic organics, ash-free dry mass of benthic organics, and the PTI , to 

assign trophic indicator va lues to soft-algae taxa present. The objective of this study was 

( I) to document algae composition and (2) utili ze soft-algae composition in the 

assessment of trophic state of 8 stream sites in 7 watersheds. I hypothes ize that biotic 

index va lues using abundance-we ighted averages of benthic characteristics for so ft-algae 

taxa present as the trophic indicator va lues will be an accurate predictor of trophic state 

fo r my study sites. 



Sampling Site Locations and Dates 

Chapter 11 

Methods 

5 

Eight stream sites were sampled in Middle Tennessee located in the central region 

of the Interior Plateau Leve l Ill Ecoregion of the United States (Appendix 1 ). The 

geo logic base of the ecoregion is limestone and include some chert, shale, iltstone, 

sandstone, and dolomite. The fore ts are Western Me ophyt ic and con ist large ly of 

Quercus and Cmya spec ie (Griflith et al. 199 ). tream ite were ampled in May and 

again in August of the ame yea r to determine the com po it ion of oft-algae and diatom 

taxa during spring and umm er. Four tream ·ite · " ·cr-e am pied in 2015 and fo ur stream 

site were sampled in 2016. In 2015 lour sites ,,ere sampled on May I.2015 or May 2, 

20 15 and aga in on Augu t 15.2015 or ugust 16.2015 . In 2016 the lour trea rn site 

were sampled on May 8. 2015 and again on ugust I. 2016 or ugu t I I. 2016. Benthic 

charac teristics including pigment conccntrat ions or photoautotrophic periphyton, ash-free 

dry mass orl1en thi c organics. and concent ration. or total phosphorus or bcn thic organics, 

were determined from sa mples collected August 2015 and J\ugu. t2016 on the arne 

dates sampl e \\-ere collec ted to determine algae compt)sition . 

The choice or stream si tes sampled rclkcts the a11cmpt to pick site ra nging from 

hypereut rophic to oligo trophic and \\ere based on , isual assessments and li st ings by 

United States Em ironmc11tal Protection Agency or nutrient-impaired and unimpaired 

stream reaches (USEPA 2016). Or the stream · itcs ·ampkd in 2015, the Suggs Creek 

site, located in aslwill e T enness e. and the Trace Creek site. located in Waverl y, 
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Tennessee, are li sted as nutrient-impaired. The Suggs Creek site appeared hypereutrophic 

with a visibl y-obvious high concentration of photoautotrophic periphyton. The Flynn and 

Hurricane Creek sites, both located in rural watersheds less affected by anthropogenic 

activity relative to most watersheds in Middle Tennessee are li sted as nutrient-
' 

unimpaired reference sites (TDEC 2009, 2016). Of the stream sites sampled in 2016, the 

Jones Creek site, located 5 km downstream of the Jones Creek Wastewater Treatment 

Plant, and the McAdoo Creek site, located near Clarksville, TN, are listed as nutrient­

impaired. The MatTow Bone and Will Hall Creek sites are not li sted as nutrient-impaired 

or unimpaired by US EPA (2016) and appear relati ve ly nutrient unimpaired as judged 

visibly by the relati ve ly low biomass of photoautotrophic periphyton. 

Sampling Site MOJphological Characteristics 

Two transects from the opposing bank and 5 111 apart were estab lished at each 

site. Transect widths and stream depths at 1 /3 interva ls between the banks of each 

transect were measured. Stream ve loci ty was determined as the time required for a 

density-neutral object to travel 5 m downstream. Stream discharge was calculated using 

the equation from Robins and Crawford ( 1954 ): 

Discharge = Width • Depth · Veloc ity· 0.9 

The percent of benthic substrates sma ll er than very course gravel was estimated 

visually in four replicate plots established with 0.25-m] wire frames placed 1.25-m apart 

at midstream of each stream site. Canopy angle was est imated visually as the angle 

between the tops of the vegetation or topography on each bank at midstream. Stream site 



111oq1lwlngica l characteri stics were determi ned to provide more detail or the a bi oti c 

charac teri sti cs or sa mp ling sites (Append ix 2). 

Sampling Cobbles to Determine Abundance of Soft-A lgae and Diatom Taxa, Pigmenl 

Concentrations of Photoautotrophic Periphyton, Ash-Free Dry Mass ofBenthic 

Organics. and Total Phosphorous Concentration of Periphy ton 

Cobbl e sampling occuJTed in the established five-meter reaches at depths between 

0.07 m and 0.37 m and stream velocities between 0.15 m·s- 1 and 0.67 nn -1 (Appendix 2). 

Four midstream plots in each reach were established with 0.25 m2 wire frames placed 

1.25 m apart . Cobbles nearest to the plot center between I 2-cm2 and l 8-cm2 diameter 

with most of the surface area for periphyton growth para llel to fl ow were removed. One 

cobble fro m each plot was removed to determine the percent composition of soft-algae 

and diatom taxa. Algae were removed fro m cobbles in the fi eld using a single-edge razor 

blade and scrub brush, preserved in I% glutara ldehyde adjusted to pH 7.0 with NaOH, 

and concentrated by sett ling. Two additional cobbles were co llected fro m each plot 

sampled August 20 l 5 and August 20 16. One cobble was used to determine pigment 

concentrations of photoautotrophic periphyton and ash-free dry mass of benthic organics. 

These cobbles were pl aced in sealab le plasti c bags and transported to the lab on ice in 

darkness. One cobble was used to determine the concentrat ion of total phosphorous of 

peri phyton. The periphyton were removed in the fi eld using a single-edge razor blade and 

scrub brush, placed on ice, and transported to the lab in darkness . 



Pig111ent Concentrations of Photoautotrophic Periphyton and Ash-Free Dry Mass of 

benthic organ ics 

The cobble collected in field was placed in a glass pan containing 0.1 L of 90% 

acetone and periphyton removed with a single-edged razor blade and scrub brush. Ten­

mL aliquots of periphyton suspended in acetone were placed in a mortar, ground with a 

pinch of sand and a pestle for 2 minutes, and filtered through Whatman no. I filter-paper 

circles. Optical density of the supernatant was determined at 664 nm to determine the 

concentration of chlorophyll a, then at 665 nm following ac idification with 0.1 N HCI to 

determine the concentration of pheophytin a. Concentrat ions of chlorophyll a and 

pheophytin a were calculated as described by Eaton et al. (2005). Chlorophyll a is 

degraded to pheophytin a as plant and algae senesce, thus high concentration of 

pheophytin a reveal poor physiological condition. Becau e healthy algae may have no 

detectable pheophytin a determined by opt ica l density (OD) measurements, the 

chlorophyll a to pheophytin a ratio is indicated a the ratio of OD664 to OD665 . 

OD664/OD665 va lues of 1.7 indicate no detectable pheophytin a was present. Pigment 

extract from algae with OD664/OD665 value near 1. 7 indicate the algae were in 

exce llent phys iologica l condition . Extract from algae \\'ith OD664/OD665 va lues below 

1.5 indicate the al!rne were in poor phy iologica l condition (Eaton et al. 2005) . 
..... 

Periphyton removed from cobble \\'ere dried by allo,,·ing the acetone to evaporate at 25° 

C and ash-free dry mass determined as described by Eaton et al. (2005) . Ash-free dry 

weights ,vere increased by the proportion of the periphyton removed to determine 

pigment concentrations. 



The sur face area of cobl I 1·· h. 1 . 
J c 10 111 w 1c 1 pcri phyton was removed was ca lcu lated by 

co,-crin g the upper surfac · I' bb l · · · - · · · · ~ e o co e with aluminum loll , weighing the foil , and 

extra polating weight to sur face area (Hauer and L b t. 2006) M t· · h ~ ~ am er 1 . eans o penp yton 

characteristics were compared · T k K · · · using u ey- ramer Honestl y S1g111ficant Di ffere nce 

Tests preceded by Analys is of Variance Tests (Zar 2007). Assay means were considered 

signi fica ntly di ffe rent if they di ffe red at the experiment wise-error rate of alpha == 0.05 . 

Composition of Soft-Algae Assemblages 

Large fil amentous algae were cut with scissors such that well-mixed aliquots of 

the sample could be obtained. Wet mounts on a ruled microscope slide (NeoSci, Nashua, 

New Hampshire) with a I 6-mm2 grid divided into eight 2-mm2 squares were used to 

determine percent compos ition as descri bed by Woelkerl ing et al. (l 976) and Schoen 

( I 988). Soft algae within a 2-mm2 square were observed at I OOX, 400X, and I OOOX 

magni ficat ion and identified to the lowest taxon poss ible. Taxa were recorded as units. A 

unit was considered one ce ll of unicellular taxa, one colony of colonial taxa, and each I 0 

µm-l ength of fil amentous taxa. Taxa were enumerated un til at least 800 units counted, or 

for samples with very little soft algae relative to diatoms, until at least 20 wet mounts 

were observed. Primary taxonomic references used to identi fy soft-algae taxa included, 

Cocke ( 1967), Prescott ( 1982), Whit fo rd and Schumacher ( 1984 ), Anagnostidis and 

Komarek ( 1988), and John et al. (20 11 ). The percent of soft- algae units and diatom units 

at each site was estimated by coun ting the number of soft algae units and diatom units in 

2-mni2 squares of the ruled microscope slide until at least I 000 units were counted . 



Co111positio11 (~/Dia/0111 Assembfoges 

Frustule prepara ti on fo r permanent mounts fo llowed the methods of Carr et al. 

( 1986). Organic debri s and intrace llular material were removed by plac ing concentrated 

fru stules in 2.5% sodium hypochlorite for I h. Aliquots of cleaned frustules (50 µL) 

were pipetted onto glass cover slips, dried at 50° C, and mounted on glass microscope 

slides with Permount mounting medium. All valves in the fi eld of view at I OOOX 

magnification were identi fied and tallied until a minimum of 200 valves from each 

stream site were identified, the minimum number of needed to ca lcul ate the pollution 

tolerance index of diatom assemblages (KDOW 2002). Primary taxonomic references 

used to identi fy di atom taxa included Patri ck and Reimer ( 1966, 1975), Krammer and 

Lange-Bertalot ( 1998), and Ponader and Potapova (2007). The permanent mounts are 

maintained in the Austin Peay State Uni versity Herbari um in Clarksville, Tennessee. 

Shannon Diversitv index. Evenness. and Percent Si111ilarifY 

Shannon Di versity Index (H ') and evenness (J) of oft-algae and diatom assemblages 

were calculated by the eq uations of Shannon and Wea\'er ( 1949): 

H' = -I(Pi In Pi) 

J = H' /ln S 

where pi = abundance of spec ies i and S = richness (number oftaxa). Percent si milarit ies 

of diatom and soft-algae assemblages assoc iated wi th cobble \\·ere ca lculated as the sum 

of the lower of the two percent-compositi on va lues fo r each tax on common to two sites 

(Whittaker and Fa irbanks 1958). 



Diatom Indices 

The Pollution Tolerance Index of diatom assemblages (PTI; KDOW 2002) was 

calculated as : 

PTI = [Lj=! sp. nj tj]/N 

where: n_; = number of individuals of taxon j , t_; = eutrophication-tolerance value ( 1 - 4) of 

taxon j, and N = total number of individuals assigned a eutrophication-tolerance value 

and tallied to calculate the index. The PTI ranges from 1 (all taxa very tolerant to 

eutrophic conditions) to 4 (all taxa very intolerant of eutrophic conditions). PTI values < 

2.6 correspond to eutrophic conditions (Lebkuecher et al. 201 l ). 

The Organic Pollution lndex (OP[) is the percentage of diatoms tolerant of organic 

pollution li sted in Kelly ( l 998). OPI va lue of < 20 indicate the ab ence of sionificant 
- b 

organic pollution, 21 - 40 infers some organ ic pollution present, and va lue > 40 suggest 

a significant impact of organic pollution (Ke ll y 1998). The Si ltation Index (SI) is the 

percentage of motil e diatom s (Bahl 1993). Motile diatom are ab le to avo id being buried 

and are tol erant of sedimentation. The SI i calculated as percentage of the motile 

diatoms Navicula senu Iota. N it::schia senu faro. and Surirello (Bah l 1993). In other 

words, the SI is the sum of Novicu/o, it::schio, Surirello , and the taxa formerl y identified 

as Navicula and Nitzschia divided by the total no. or diatoms. The SI values range from 0 

to I 00. High SI va lues signify that sediments impact the structure of diatom assemblages. 

Given the highl y erodible so il s and sub tantial agricu lture in Midd le Tennessee, a SI 

va lues < 60 suggests an absence of an excessive impact of ediments on diatom 

assemblages (Lebkuecher et al. 20 11 ). 



qft-A lga~ Assemblage Metrics and Indices 

The relationship of the trophic state of the stream sites on the percent composition 

of each so ft-algae taxon sampled in August 2015 and August 2016 was assessed by 

calculating the abundance-weighted average (A-WA) for concentrations of chi a and the 

pollution tolerance index of diatoms. A-WA of a stream characteristic for a taxon is the 

average value of a characteristic weighted by the abundance of the taxon at each site and 

is calculated as: 

A-WAj = [Ij = J taxon nj v]/N 

where: A-W Aj is the abundance-weighted average of a stream characteristic for taxonj, n.i 

= number of taxon units j sampled at a site, v = va lue for the characteristic of a site, and 

N = total number of taxon units j at al I of the sampling sites used to calculate A-W Aj. 

Taxa more abundant at sites with g reater value for a stream site characteristic w ill have a 

greater value for the A-WA. 

Four variations of the algae trophic index (AT I) were calculated to assess the 

impact of the trophic state of a stream site on the structure of soft-algae assemblages. An 

A TI is calculated as: 

A Tl = [Lj = I taxon n.i ti_i] 

where: n
1 
= number of taxon unit j sampled at a s ite, ti.i = trophic-indicator va lue for taxon 

j , and N = total number of taxon units at the sampling ite used to calculate the index. The 

four variations of the A TI differed by the strea m s ite characteristic used to calculate the 

h . · d. I The four trophic-indicator va lues utili zed were abundance-trop 1c-m 1cator va ues . 

· h d (A WA) of concentration of chlorophyll a, A-WA of the pollution we1g te average -

I 
· d f d. t asse tiibl ao-es A-WA of ash-free dry mass of benthic organics, to erance m ex o 1a om o , 



and - or tota l phosphorous cone t .. . .~ . . . . _ 
en I at ,on ol benth1c orga111cs. Taxa not 1dentil ,cd lo 

_ p--c ics were excluded from index calculations. 

utrient Concentrations of Water Samples and Benthic Organics 

Concentration of nutr1·ents 1·n t d · wa er were eterrnmed from water samples collected 

at midstream and 5 cm below the surface. Concentrations of total phosphorous of benthic 

organics were determined from samples scraped from cobble, desiccated for 24 h at 

50°C, and ashed at 500° C for 2 hrs. Concentrations of so luble reactive phosphorus, N02 

+ N03 nitrogen, and total nitrogen of water samples and concentrations of total 

phosphorous of benthic organics were determined following the methods of Eaton et al. 

(2005) using a Lachat QuickChem 8000 Flow Injection Analyzer (Lachat Instruments, 

5600 Lindbergh Dr., Loveland, Colorado 80538). The water samples for determinations 

of concentrations of SRP and N02 + N03 nitrogen were filtered through nitrocellulose 

membranes (0.45 -um pore size, 47-mm diameter, Advantec MFS Inc.) using a vacuum 

filtration system. Concentrations of SRP and N02 + N03 nitrogen were detennined by 

the by the ascorbic-acid method and cadmium-reduction method, respectively. 

Concentrations of total nitrogen of water samples were determined by the persulfate 

digestion and cadmium-reduction method. Concentrations of total phosphorous of ashed-

b h . · d terrnined by the persulfate digestion and ascorbic-acid method ent 1c organics were e 

(Eaton et al. 2005). 
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Chapter Ill 

Results 

Benthic characteristics used t 1 . 0 eva uate trophic state demonstrate that sites range 

from oligotrophic to eutrophic (Table 1). The chlorophyll-a concentrations determined 

from photoautotrophic periphyton at the sites sampled in August 2015 indicate 

oligotrophic conditions (0-60 chi-a mg-m-2
, Biggs 2000) at the HmTicane Creek site, 

mesotrophic conditions (60-150 chi-a mg-m-2
, Biggs 2000) at the Trace Creek and Flynn 

Creek sites, and near eutrophic conditions(> 150 chi-a mg-m-2, Biggs 2000) at the Suggs 

Creek site. The concentrations of chlorophyll a of photoautotrophic periphyton at the 

Suggs Creek site were approaching nuisance levels and were significantly greater than 

the concentration of chlorophyll a relative to the other sites sampled in August 2015. The 

evaluation of chlorophyll-a concentrations, ash-free dry mass of benthic organics and 

total phosphorus concentration of benthic organics determined from photoautotrophic 

periphyton at the sites sampled in August 2016 indicate mesotrophic conditions at the 

McAdoo Creek, Man-ow Bone Creek, and Will Hall Creek sites, and eutrophic conditions 

at the Jones Creek site. The concentrations of chlorophyll a of photoautotrophic 

periphyton at the Jones Creek site are above nuisance levels(> 150 chi-a mg-m-2, Biggs 

2000) and are significantly greater than the concentration of chlorophyll a at other sites in 

August 2016. The photoautotrophic periphyton were in excellent physiological condition 

h 
· l d · d. ted by the low concentrations of pheophytin relative to 

at t e sites samp e as m 1ca 

· · d·cated by high OD664 to OD665 ratios , except for the 
chlorophyll-a concentrations as m 1 

Suggs Creek s ite (Table I). 
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Eutrophic conditions at the s C uggs reek and Jones Creek sites is supported by the 

high concentrations of total phosphorus of benthic organics relati ve to the other sites 

(Table 2). There is a significant con elation of tot I h h f b I · · a p osp orus o ent 11c organics to 

chlorophyll-a concentration in August 20 I 5 and August 20 16 demonstrating 

concentrations of total phosphoru of benthi c organic i repre entat i e of trophic state 

(Table 3). Concentrati ons of oluble reactive pho phoru , 0 2 0 , and total nitrogen - . '--

were not corre lated to trophic state a indicated b non- igni fi cant correlati on 

coeffici ents, suggesting the e metric are poor indi ator or trophi tat of the ite we 

studied. 

Two-hundred thi rty-two algae taxa \\'er idcnti Ii ~d. or \\·hich I I 4 wer di at m 

taxa(Appendi x3)and 128 were o ft- algactaxa( ppt:ndi\. ➔). nal i of the 

compos iti on of algae group demon ·trat ~ct diatom. arc the mo:t abunda nt alga gr up at 

every site for May 20 15 and Ma _0 I t and :l It- algae arc the most abundant algae group 

at every site for ugust 20 15 and ugL1-·t _0\6 (Table ➔) . . ignilicant . ea:onal \'a ri ati on 
~ ~ 

in percent compos iti on bet\\'ccn May _Q 15 and /\ugu . t _()I: and a\' 2016 and ugu t 

201 6 were demonstrated b tudent' : t -- -t - ( n = . p 0.001 ). Cyanohactcria com po it ion 

dec reased in response to increase: in tota l phosphoru.- concentration. of henthi c organic , 

ash-free dry mass of benthic orga nics. and concentration .· of chi 1rophyl l-u. demon trating 

I t
·t· t· t I · •tatp , Table - ) Di·1tom abundance " ·a. not . i gn i fica ntl y affected a c ear e ect o rop 11 c s ..;. \ - · < ~ 

b th t I 
· t t t tii "'se sites Chl orophY ta abundance i Q.rea ter at site \\·ith greater 

y e rop11c s a e a \.- - -- - ~ 

· t' b ti · - orna n1c _ ash-free dry ma s of benthi c 
total phosphorus concentrat1ons o en 11 c == 

oroanics and concentra ti ons of chlorophyll -o. 
b ' 
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Th' diatom as cmb lages at h • . 
eac site has a high abundance of Achnanthidium 

ril·ulare Potapova and Poande (26 20/ f · 
r · / o o al I sites and dates) and Achnanthidium 

minutissimum (Klitz.) Czarn. (8 .9% of all sites and dates) (Table 6). Achnanthidium 

rivulare is the most abundant diatom taxa across all sites and seasons for 20 l 5. High 

Percentages of the most abu11dant tax t ·b d f h · · · · · , a con n ute o t e s1mt!anty observed m diatom 

assemblages between sites in 20 I 5 and 2016 (Table 7). 

The pollution tolerance index (PTI) values for all sites and seasons in 2015 and 

2016 accurately reflect the trophic condition (Table 8) and support the previous 

assessment of trophic state utilizing concentrations of chlorophyll a (Table 1 ). The low 

PTI values for Jones Creek and Suggs Creek sites indicate eutrophic conditions. The 

higher PTI values for Hurricane Creek, Will Hall Creek, Flynn Creek, and Marrow Bone 

Creek indicate oligotrophic-mesotrophic conditions. The Jones Creek site is impacted by 

sedimentation and organic pollution as indicated by values for the siltation index and 

organic pollution index. While evenness, richness, and the Shannon Diversity Index aid 

in the description of the structure of diatom assemblages, they do not follow trophic state 

trends, thus making these inadequate indicators of the trophic state. 

Of the soft-algae taxa sampled, C/adophora g /omerata ( 16.9% of all sites and 

dates) and Phorm idium diguetii (14.3% of all sites and dates) was in the greatest 

abundance at a ll sites in 2015 and 2016 (Table 9). Variability of the most abundant taxa 

b · · 20 l 5 d 2016 r·esulted in low similarity of soft-algae assemblages etween sites m an 

(Tab le I 0) . The mean percent simil arity between the same sites sampl ed May and August 

· 11 · -
1 

· f ft-algae and di atom assemblages between seasons (Table 
1 ustra tes low s1m1 anty o so 
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I I) . , on algae exhibited two-fold le · ·1 · b · · -- ss s1m1 anty etween seasons relative to diatoms. The 

Shannon Di versity Index even d .· h ... , ness, an 11c ness of soft-algae assemblages reveal the 

structure of assemblages but fail to follow trophic state trends, thus making these metrics 

and indices poor indicators of trophic state of the sites studied. 

Trophic indicator values for soft-algae taxa were derived from the abundance­

weighted average of chlorophyll a (A-W Achl 0 ) and abundance-weighted average of the 

pollution tolerance index for diatom assemblages (A-W ArTt) (Appendix 5). Taxa with a 

high A-W Ac111 a and A-W ArT1 values coupled with low standard deviations (SD) of the A­

W A were interpreted as a more accurate indicator of trophic state. For the sites studied, 

Cladophora glomerata and Vaucheria sp. are indicators of nutrient-rich sites as indicated 

by both high A-W Achl O and A-W APTt values and low SD. Chaetopeltis orbicularis 

Berthold, Aphanocapsa elachista, West and West, and Oscillatoria subtiliss ima Klitz. 

and De Toni are indicators of nutrient-limited sites as indicated by low A-W Ac111 o and A-

W ArT1 values and low SD. 

Algae trophic index (AT[) values for each site in August of 2015 and August 

2016 reveal the trophic state of the sites (Table 13). The A TI using A-W Ac111 u and A-

W APTt trophic indicator values were the most accurate indicators of trophic state (Table 

14). The A-W Achl u and A-WA rTI are not significantl y cotTelated to concentrations of 

soluble reacti ve phosphorus of the water (Table 14), NO2 + NO3 (data not shown), or total 

nitrogen (data not shown). 
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Chapter IV 

Discussion 

The determination of trophic state of water is often subjective in its utilization of 

concentrations of nutrients, biomass, and organism composition (Hilton et al. 2006). 

Estimates of photoautotrophic biomass is a common bioassessment method to measure 

the trophic state of water (Biggs 2000). Trace Creek and Hurricane Creek sites were the 

least impacted by nutrient enrichment as demonstrated by their low levels of chlorophyll 

a. Nuisance levels of chlorophyll a measured at the Jones Creek site, located directly 

downstream of a wastewater treatment facility, support conclusions from other studies 

that demonstrate nutrient-enrichment in the water results in greater photoautotrophic 

periphyton biomass (Khan & Ansari 2005). The low concentrations of chlorophyll-a 

relative to the high concentrations of pheophytin-a at the Suggs Creek indicate poor 

physiological health of the photoautotrophic periphyton. Poor physiological health was 

denoted by the low OD664 to OD665 ratio demonstrating high concentrations of 

pheophytin at the Suggs Creek site and may be the result of shading of the benthic 

photoautotrophic periphyton. 

Worldwide periodic determinations of nutrient concentrations of water are 

required by law to monitor the trophic state of rivers and streams in many countries 

(Whitton 2013 ). The use of concentrations of soluble reactive phosphorus of the water to 

determine trophic state is common because soluble reactive phosphorus is the available 

form of phosphorus, which is often limited in these systems (Moss et al.2013). Pulses of 

nutrient enrichment and uptake from autotrophic organisms may cause high or low 

nutri ent measurements make chemical analyses of water samples inaccurate indicators of 



trophic state. The United States Geological Survey National Water-Quality Assessment 

(NA WQA) program ranked soft-algae taxa by eutrophication tolerance based on the 

abundance-weighted averages of log1 0-transformed concentrations of soluble reactive 

phosphorus of the water samples at sites across the United States (NA WQA 2005). 
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NA WQA (2005) concluded that the values assigned to taxa did not accurately reflect 

trophic state Our results strengthen the conclusions of earli er studies that nutrient 

concentration may not be the most important factor affect ing the percent composition of 

many algae taxa. 

The two most abundant diatom taxa in all ites, A. rivulare and A. minutissimum, 

are common taxa for the southeastern United State (Ponader & Potapova 2007). The 

lower percent composition of A. minutissimum relati\'e to A. ri\·11/are is con istent with 

prev ious studies (Lebkuecher 20 15, Ponader & Potapo\'a 2007) and upports the 

conclusion that whil e both taxa are indicative of good water quality, A. ri\·ulare is the 

more tolerant spec ies of nutri ent enrichment. Pollution tolerance ind x va lue acc urately 

re fl ect trophi c state at each site. Th " IO\\. PTI value or diatom assemb lage found at 

Jones Creek and Suaas Creek sites are con i tent \\·ith numerous other tudies which 
bb 

demonstrated the impact of eutrophicat ion on diatom compo ition (Rimet 20 12). 

The large number of motile diatom ta:\a and organic pollution tole rant diatom taxa 

at Jones Creek is indicati\'e of sedi mentation and organic pollution impacting the 

composition of diatom assemblages at thi s ite . The Jones Creek si te \\·as the only site 

impacted by organ ic pollution and siltation as demonstrated by the high si ltat ion and 

organic pollution inde:\ va lues relati\·e to the other sites. Due to the highl y erodible soils 

and substanti al agriculture present in Middle Tennessee, a SI va lues > 60 suggests the 



presence of an excessive impact of sediments on diatom assemblaa-es and OPl values > 
b 

40 suggest a significant impact of organic pollution (Lebkuecher et al. 2011 ). 
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The two most abundant soft-algae taxa in all sites, C. glomerata and P.diguetii are 

widespread and abundant taxa (Prescott 1982, Whitford and Schumaker 1984). 

Autecological information of almost all soft-algae taxa remains limited and soft-algae 

assemblages are therefore not commonly utili zed in the assessment of trophic state , 

relati ve to diatoms (Passy and Larson 20 11 ). Percent imilarity of oft-algae and diatom 

taxa in 2015 and 2016 between the ame it revealed low mean imilarity 

demon strating the composition of algae ta. a ma var dra ti cal l b tween a ons or 

even years. Soft-algae compo iti on wa two-f Id \'ariable bet\\·een a on at our sites 

relati ve to di atoms which i con istent with other tudi~ , ( et a I. 199 , Lebku cher 

2015). 

The weak correlati on of nutrient ·oncentrations or the \\·ater to benthic 

characteri sti cs o r the photoautotrophic periphyton at these sites i, con i tent \\·ith 

previous studi es . Stancheva ct al. (_012) identi ficd I< 0 non-diatom benthic algae taxa to 

species from stream _ ite in southern California that \·aried from lo,\· total pho phorus 

(< IO pg/L) or high tota I pho. phorus (_:_ IO pg L ). 0 r the I< 0 ta:\a, only ta:\a \\·ere 

determined to be useful indicators of the concentration of total pho. phoru u ing a model 

described by Dufrene and Legendre ( 199 ) .. tanche,·a (2012) also u ed bio-vo lume­

weighted averages o r tota l phosphorus concen trations to determine potentia l indicator 

spec ies using total phosphorus concentrations optima and standard de \·iations for the taxa 

present in their sites. T,\·enty-one of the 180 ta:\a identified " ere dete1111ined to be 

indicati\ e of high or lO\\ concentrations of total phosphorus. Stancheva (20 12) concluded 



that nutrient concentrat ions of the water were not so lely responsible for the structure of 

soft-algae assembl ages at their sites. 
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Algae trophic indices developed using benthic characteristics to ass ign trophic 

indicator values to soft-algae taxa present allows for evaluation of lotic systems based on 

the response of soft-algae composition to trophic state . The results of this study 

demonstrate that ATlchl-u and ATI PT1 va lues are accurate indicators of trophic state as 

supported by significan tl y correlated coefficient to the other indicators of trophic state. 

These indices are superi or to indices fo rmulated using nutrient concentrations as indicator 

va lues fo r taxa present given that chl orophyll-a concentration and diatom composition is 

a more accurate indicator of trophic state than nutrient concentration of the water. 



Chapter V 

Conclusions 
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The effects of nutrient enrichment on soft-algae assemblages is quantifiable in 

terms of be nth ic characteristi cs such as total phosphorus concentration of be nth ic 

organics, chl orophyll-a concentration, and ash-free dry mass of benthic organics. Total 

phosphorus of the benthic organi cs was a more accurate indicator of trophic state relati ve 

to the nutrient concentrations of the water (i. e., so luble reactive phosphorus). The trophic 

state of the Suggs Creek and Jones Creek sites were verified as eutrophic, while Flynn 

Creek and Hu1Ticane Creek sites were verified as oligotrophic . Seasonal variation of soft 

algae compositi on varied two-fo ld fro m spring to summer relati ve to diatoms. The 

trophic-state preferences of soft- algae taxa were denoted by the abundance-weighted 

average of chlorophyll-a concentrations (A-W Ac1i1 a) and the PTI (A-W APT1). The algae 

trophic indices using the A-W Achl a and A-W APTI as trophic indicator values for soft­

algae taxa accurately port ray the trophic state. 
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Chapte1· Vil 
Tables 

Table I. C haracteri stics of photoa utotrophic periphyton and ash-free dry mass of benthic organics collected August 2015 and August 2016. Mean 
characteristics ± SE of strea m sites eva luated the same year are s ignificantly different at the experiment-wise error rate of alpha = 0 .05 if they do 
not share the same letter. 

Suggs Trace Flynn Hurricane Jones McAdoo M. Bone Will Hall 
Characte ri stic 20 15 20 15 20 15 2015 2016 2016 2016 2016 
Chlorophyll a 
(mgm-2) 136. \ + 22.6A 56 .9 + 4 .78 28.4 + 6.1 8 14 . 1 + 2.0 13 2 17.2 ± 32 .5A 52.4 ± 19. 113 70.9 ± 6.7 13 4 7.8 ± 6.5 8 

Pheophytin a 
I (g, m -2) I 00 .3 ±. 8.01

' I 0 .5 ± 3.3 13 4 .7 + 2. 113 2 .8 ± o.7'3 25 .7 ± 8.7A 22.4 ± 7. 7A J 2.4 ± 2.JA 14.2 ± I. SA 

\ OD664/0D665 I .4 ±. 0.02A 1.57 ±_ 0.03 13 1.60 ±. 0.02'3 1. 59 ±. 0.0 I 13 1.62 ± 0.03 A 1.50 ± 0.0 11:l 1.60 ± 0.02A 1.53 ± 0.03 1\B j 
1 Ash-free dry 

13.7 ± 2.4AB I I mass of benthi c 
\ org,ani cs (g, m-2 ) 52.6 + 9 . I" 9 .2 + 2 .2' 1 2.3 + 0 .611 I .0 + 0.2'3 17.2 ± 1.I A 12.6 ± 2.]A/3 9.1 ± J.5 8 
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Table 2. Conce ntratio ns of to ta l ph osph orous of benthic o rga ni cs, so lubl e reac ti ve phosphorous o f water, NO 2 + NO 3 of water, and total nitrogen of 
water a t s trea m s ites sa mpled in A ug us t 20 15 a nd Aug us t 20 16. 

Nutrients S uggs T race Fly nn Hurri ca ne Jones McAdoo M . Bone Will Ha ll 
2015 20 15 20 15 20 15 20 16 2016 20 16 ?0 16 

Total phosphoro us o r bcnthic 
o rgani cs (mg 111 ·

2
) 74.7 7.9 2.9 1.4 35.6 6.3 14. 1 8.3 

So lubl e reacti ve phosphoro us 
( u gL-1 wa te r ) 6 8 38 8 197 9 7 7 
NO:'.+ NO , (~lg L-1 wa ter) 38 222 750 238 2944 1098 122 72 
Total nitrogen (µgL -1 wa ter) 49 1 303 1034 297 4205 11 92 284 262 
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Tab le 3. Pearson· s corre la tion coeffic ients for co ncentrations of chlorophyll a and ash-free dry weight ofbenthic organics to concentrations of 
to ta l phospho rou s of be nthic o rga nics and nutrient concentra tions of water samples at sites sampled August 2015 and at sites sampled August 
10 16. Pearson 's co rre lat ion coeffi c ients are fo ll owed by the s ignificance of probability at the 95 % confidence level in parentheses. 

Tota l phosphorous Soluble reac tive 
of benthi c o rganics phosphorous N02 + N03 Tota l nitrogen 

(mg m-2) (~tgL-1 water) (~tgl" 1 water) (ug L-1 water) 
Aug.20 15 (S uggs Trace, Fl ynn , Hurricane) 

\ Chlorophy ll a (m g m-2) 0 .97 (0.03) - 0.43 (0.57) - 0.62 (0.37) - 0.1 3 (0. 87) 
\ Ash-free dry wt. ofbenthic organics (g m --) 1.0 (0.00) - 0 .52 (0.47) - 0 .64 (0.36) - 0. 12 (0.8 7) 

Aug. 20 16 (Jones, McAdoo , M . Bone, Will Ha ll ) 
\ Chlorophyll a (mg m--) 0 .99 (0 .0 l ) 0.99 (0.0 I ) I 0.92 (0.08) I - 0.28 (0. 72) 
\ Ash-free dry wt. of benthic organ ics (g-m--) 0 .85 (0 .14) 0.81 (0. 18) I 0.83 (0. 17) I - 0.09 (0.9 1) 

32 



Ta ble 4. Percent compos iti on of a lgae gro ups sa mpl ed May 20 15 , Aug ust 201 5, May 201 6, and A ugust 201 6 . 

20 15 S u ms Trace Flynn Hurricane 
May A ug M ay A ug May Aug May Aug 

Bac illa ri o ph yceae (di atoms) 72 .9 18.5 68.8 6 . 1 75 .6 24 .0 49.3 10.8 
So ft a lgae 27. 1 8 1. 5 3 1.2 93 .9 24.4 76. 0 50 .7 89. 7 

Cyanobacter ia 8.3 3.7 22.5 92.9 12 . 1 72.5 49 .8 86. 1 
Chloroph yta 16.5 68.6 8.5 1.0 12.3 2.7 0.9 ,., ') .) __ 

Ochro phyta (o ther than di atoms) 1. 2 8.8 0 .1 0 .5 
Rhodophyta 0 . 1 

20 16 Jones McA doo M . Bone Will Hall 
May Aug May A ug May A ug May A ug 

Bac ill ariophyceae (d iatoms) 75.3 33.8 78.6 44 .0 78 .2 36.8 90.8 26.7 
So ft a lgae 24.7 66.2 2 1.4 56.0 2 1. 8 63.2 9.2 73.3 I 

Cyanobacteri a 10.0 28.4 8. 1 47.8 I I. 7 39.3 8.8 62.0 I 
Ch lorophyta 14.9 ?7.8 13.0 9.3 10.0 20.5 < 0.1 9.6 
Ochrophyta (other than d iatoms) < 0. 1 < 0. 1 
Rhodophyta 9.9 1.4 < 0. 1 3.4 I. 7 
C ryptophyta 0.7 < 0. 1 
Eug, lenophyta I 0.3 I 
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Ta ble 5 . Pea rson 's corre /a lion coeffic ie nls fo r pe rcent compos iti o n of di a to m s, cya no bac te ria, and C hlorophyta at s ites sampled in August 2Cl \ 5 
and A ug us t 20 16 to pe riphy to n cha rac teris t ics used to assess trophi c sta te de te nn ined fro m the sa,ne s ites sampled August 2 0 \ S and August 20 \ 6. 
T he s ig nifica nce o f probab ility a t th e 95 % co nfid e nce leve l fo ll ows the Pearson's corre la tio n coefficients in p arentheses. 

Tota l phos phorous of be nthi c o rga ni cs (m g m-2 ) C hl orophy ll a (m g m -2
) Ash-free dry wt . ofbenthic o rganics (g m--) 

Di a to m s - 0.25 (0 .95) 0 .26 (0 .52) 0.02 (0.97) 

Cya no bac te ri a - 0. 84 (0.009) - 0. 72 (0 .04) - 0.83 (0.0 I ) 

C hl o ro ph yta 0.98 (0.000 I ) 0.64 (0.08) 0.97 (< 0.000 I ) 
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Tab le 6 . Most ab unda nt diatom taxa at stream s ites samp led in May 2015, August 20 15 , May 2016, and August 20 \6 . Numbers in parentheses 
represent percent composit ion. 

May 20 15 
Suggs Trace Flynn Hurricane 

A. rivulure ( 14.9) A . rivulare (66.3) A. rivulare (46.8) A. rivulare (72.9) 
C. p ediculus ( 13.9) N pa/ea ( 16.1 ) D. vulgaris ( I 0 .6) C. placentula ( 4.1) 
C. placentit!a ( I 0.5) C. aj]inis (3 .0) M. varians (6.0) A . minutissimum (2.6) 

August 20 I 5 

A. rivulure ( 15 .0) A. r ivulure (20.5) A. rivulare (23.9) A . rivulare (35.8) 
N. viridu lu (9.2) C. a/jinis ( 17.7) P. curtissim11m (8.2) C. placentula ( 13 .2) 
A. min11tissi11111m (8.7) E. appulachianum ( 16 .3) A. minuriss ima (6.9) A. minutissimum ( I 1.5) 

\ May20\6 

I Jones McAdoo M. Bone Will Hall 

I N. reichardt ianu ( 14 .7) A. minutissirnum (20.4) A. rivulare (69 .9) A. minutissimum (20 .4) 

I N. inconspicuo ( I 0.4) C. u[/in is (8 .3) C. C/[finis (9.4) C a/finis ( 15.4) 

I S. sern inulum (6.6) A. r ivulore (7 .0) A. minuliss imum (6.4) A. /atecephalum ( 12.2) 
\ Aug,ust 20 16 
I N . minimu ( 18 .4) A. ri v11/ure ( I 0.0) £. oppalachianum ( 16.4) A. minulissimum ( 18.6) 

N . umphihiu ( I I. I ) N. 111ini1110 (7 .5) A. minulissin111m ( 15 .2) A. rivulare ( 13.6) 

I N. inc:ons()ic11u (6. 8 ) A. p111·p11s illu (7 .1) C. ujjini.,· ( 13 .2 ) C. pluc:en/11/a (7.4) 
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Ta ble 7. Pe,·cent s imila rity o f dia to m assembl ages be tween the diffe re nt s ites sampled M ay 2 01 5, b etween the di ffe rent s ites samp\ed A.ugust 20\ 5 , 
berween the diffe re nl s ites sa mpl ed M ay 20 16 , a nd be tween the di ffe rent s ites sampled A ug ust 201 6 . 

M ay 20 15 
S uggs T race F ly nn 

Trace 3 0 

F ly nn 44 55 

Hurri cane 37 76 59 

A ug ust 201 5 

T race 46 
Fly nn 49 4 7 
Hurricane 46 67 50 

I M ay 20 16 
Jo nes M cA doo M . Bone 

M cAdoo 4 1 
M arrow Bone 17 28 
Will Ha ll 28 56 38 

\ Auµ, ust 20 16 
I McA doo 33 

I M arrow Bone 40 25 
I Will Ha ll 35 38 4 5 
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Tab le 8 . M etric s and in d ices of dia tom assembl ages a t s ites sam p led in M ay 20 15, A ugust 20 15, M ay 20 16, and August 20 \ 6. 

10 15 S uggs Trace F lynn Hurricane 
M ay A ug May A ug M ay Aug May Aug 

Po lluti on To lera nce Index 2.53 2 .37 2 .63 2. 54 2.79 2.87 2.94 2.94 
S ilta ti on Index 3 1 42 20 7 13 12 7 11 
Orga nic po lluti o n Index 20 25 19 3 7 9 4 9 
Shannon Di vers ity Index 3 . 1 3.2 1.4 2 .3 ') ,., __ _) 2 .9 1.5 ') ,., __ _) 

Evenness 0 .84 0 .86 0.47 0 .69 0 .64 0.83 0.4 1 0.69 
Taxon richness 40 40 19 28 35 37 34 26 
Genus ri chness 16 16 11 17 16 17 15 13 

\ 20 16 Jones McAdoo M. Bone Will Hall I 
M ay A ug May A ug May A ug May I A ug I 

\ Polluti on Tolerance Index 2 . 16 1.95 2.60 2.3 1 3.07 2.72 3.03 I 2.66 I 
\ Siltation Index 67 60 34 5 1 2 19 14 20 I 
I Organi c pollution Index 52 4 1 19 27 2 14 5 13 I 
I Shannon Diversity Index 3. 1 3.3 3.2 3. 5 1.2 2. 8 2.8 3. 1 I 
I Evenness 0 .87 0. 84 0.83 0.83 0.43 0.84 0.75 0.84 I 

Taxon richness 36 5 1 46 48 17 35 40 45 

I Genus richness 15 18 19 12 10 13 18 I 
2 1 I 
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Tab le 9. Mo s t abunda nt so ft -a lgae ta x a at s ites samp led May 2 0 15 , A u g u s t 20 15 , May 20 16, and August 20 I 6. Numbers in parentheses represent 
percent compos itio n . 

May 2016 

S uggs Trace Flynn Hurricane 
C. g lomerata (60.9) C. g /a 111 erala (22. 7 ) C. g lomerara (49 .3) P . re tz ii (75.7) 
l. fovea /arum ( I 0.0) P. dig uetii ( 18.0) /-1. kossins kajae (24 .0) L. f o vea /arum ( I 0.0) 
Vau ch eria sp. (7.3) P. a 11t11mna/e ( 16.9) P. rerz ii ( 13.5) P. diguetii (3.4) 
1-/. kossinskajae (6.7) P. ang ustiss imum ( 14 .5) l. f ovea /arum (5.8) L.angustissimum ( 1.4), 

0. subliliss ima ( 1.4) 
Aug 20 15 

Sp irogy ra sp. (28. 1) P. dig ue rii (46.0) P . d1/:uetii (3 I .8) P. dig uetii (63.4) 
C. g lomeruta (27.4) I I. .Juliana (34. 1) C. p le uroccapsoides ( 17.2) P. relz ii (9 .6) I 

I Oeclogo ni11111 sp. (2 I .3) L. martensiuna (5.5) L. .fo vea/arum (8.5) P._ji-ag ile (6.9) I 
I Va11 cher ia sp . ( I 0 .8) Phonniclium sp. (2.2) L. angustissi111um (5.9) 0. subhre vis (5.3) I 

\ May 20 16 I 
I Jones M c Adoo M . Bo ne W ill Hall I 

I C. g lomerutu ( 58 . 1) C. g /0111 eratu (4 2.3 ) SJJiro!f:yru sp. ( 19 .8), S. tenue ( 19.8) L..foveolaru111 (40.9) 
I L. _fi1veolur11111 ( I 3. 6) Oedog r111i11111 sp . ( 13.0) L. / 0 1•eolur11m ( 16 .2) l. a11j;l(S/issim11111 ( 19.5) I 

P. 1e 1111 e (4 .2 ) , I. lier111on11 ii (6 .7 ) P. d iguetti ( 13. 6) 0. /imoso ( I 0. / ) I 
P. u111111111wle ( 3 .8 ). P. / (' /I/I C: ( 5 .4) L. ung 11s 1issi11wm (6 .0) S. major (8. 1) 

P. c/ig11 e11i ( 3 .8 ) 

A U!:!, 2016 

C. ,1!, l11111 eru/<1 ( 1 7 .5 ) I' c/ig 11 e1ii( 19 .2) Oec/ogo 11 i11 111 sp. (3 1.0) l!. j uliana (28.5) 

: I. /l('rt1/ /llllli i ( 15.0) / ,. lll/ .\((l(Tl/111 ( I 1 .5) P. cliguetii ( 22.5 ) Phormiclium sp. ( 13 .6) 

I /:. ril'llluri., ( 10 .2 ) 1' crm.,1ric111111 (9. I ) L /"1 ·eolan 1111 ( I I .5 ) L. angustissimum (9. I ) I 
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Ta ble JO. Pe rcenl s imilarity of soft-a lga e a sse mblages between the different s ites samp led M ay 20 I S , b e tween the di ffe rent s ites sarn-p \ed Aug,ust 
20 15 , be tween th e di ffe re nt s ites sa mpl ed M ay 20 16 , a nd be tween the di ffe re n t s ites samp led A ug ust 20 16 . • 

M ay 201 5 
S uggs Trace F ly nn 

T race 28 
F ly nn 64 3 1 

Hurri ca ne 15 14 23 

A ug20 l 5 

Trace 2 
F ly nn 2 4 3 

Hu rr ica ne 4 so 39 

M ay 20 16 
I 

I Jo nes M c Adoo M . Bo ne 

I B ig M c Adoo 6 1 

I M arrow Bo ne 25 19 

I W ill l\ a ll 20 13 24 
\ A u\.!, 20 16 

I Bi l,!, M c Ad oo 15 

I Marrow Bo ne 22 40 
I Wi ll \-\ a ll 2 1 20 32 
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Tab le I I . Percent s imila rity o f s o ft -a lgae a nd di a to m a ssemblage s b l! t\\ t:Cn the same s ites s ampled M ay 2 0 I 5 a nd aga in August 20 15, b e tween the 
sa m e s ites samp led M ay 2 016 a nd aga in A ug us t 20 16. a nd m ea n :::. SE perc ent s imil a rit y o f a ll s ite s sampled May a nd aga in August. 

A ssc:mbl agc Suggs Trac e Fly nn Hurri ca ne Jo nes Mc Adoo M. Bo ne Wil l Hall Mean ± SE 
201 5 201 5 20 15 20 15 2016 20 16 20 16 20 16 % s imilarity 

So ft- a lgae 35 2 1 12 18 27 2 1 38 16 24 ± 3 

Diatom 6 1 3 1 -W 5 1 -D 35 29 44 42 ± 4 
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Tab le J 2 . M e trics a nd indices or so ft -a lgae assemblages sa mpl e d May 2 0 15, Augus t 20 15 , May 20 I 6, a nd August 20 \ 6. 

20 15 S uggs Trace Flyn n Hurricane 
May Aug May A ug May A ug May Aug 

Sha nnon Dive rs ity Ind ex 1.5 1. 8 2 .2 1.5 1.5 2.5 1. 1 1.4 

Eve nn ess 0.46 0.49 0.72 0.46 0.5 1 0.70 0.35 0 .52 

Taxo n richness 20 39 2 1 26 19 36 24 15 

Genus richn ess 16 29 13 20 14 2 1 13 II 

20 16 Jon es McAdoo M. Bone Will Ha ll 

Ma y Aug May Aug May A ug May I A ug 
Shannon D ivers ity Inde x 1.7 2.8 2 .3 2 .5 2.5 2. 1 2. 0 2.4 

Evenness 0.53 0.79 0.63 0.73 0 .7 1 0.68 0.69 0.76 I 

\ Taxon richness 26 29 37 29 32 22 18 23 I 
\ Genus richness 17 2 1 23 16 22 15 12 18 I 
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Tab le / 3. A /gae trophic index (A T l ) va lues of strea m s ites sampl ed A ug ust 20 15 a nd August 20 I 6. S ites are listed in order of m ost to \east nutrient 
im pa ired as de te rmined by A T l va lues . T he AT! us ing a bunda nce-we ighted average (A-W A) of chlorophyll -a concentrations (m g m-2 ) for soft­
a lgae taxa of the assem blages as the trophi c-indica tor va lues is abbrev iated ATlc111c,- T he ATl us in g A-W A of the pollution to lerance index of 
d iatom assemblages fo r soft-a lgae taxa of the asse mblages as the trophic -indicator values is abbrev ia ted A T lPTJ. The A T l us ing A-WA of ash-free 
dry we ig ht of be nthi c o rga ni cs (g m -~ ) fo r soft-a lgae taxa of the assemblages as the trophic-indicato r va lues is abbrev iated ATt\Fow- T he ATI us ing 
A -WA of to ta l phosphorous of be nthi c o rgani cs (m g 111 ·

2
) fo r soft-a lgae taxa of the assemb lages as the tro phic-indicator va lues is abbrev iated 

AT Jrp. 

S uggs Jones Will Wa ll M cAdoo M . B one T race F ly nn HuJTica ne 

AT ieh\ " 134.3 12 1.5 67.7 60 .2 59.9 49.3 47.8 39.8 

AT l PT1 2.37 2.39 2.56 2.52 2.64 2.66 2.72 2.76 

AT \ i\ FDW 49 .8 20.6 10 .5 I 1.6 9.5 8.3 6.8 6.8 
I 

I AT \rp 70.9 8.0 7.6 7.8 30.9 10.7 9.9 I l I. I I 
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Tab le J 4. Pea rson 's co,-re /a tion coeffic ie nts of indi ces for a lgae assembl ages sampled August 20 I 5 and Augus 20 I 6 to other site characteristics 
followed by the s ig nificance of probability a t the 95 % confidence leve l in parentheses. The ATI us in g soft-taxa abundance-weighted averages of 
concentratio ns of c hlorophy ll (chi) a as the trophi c- indicato r va lues is abbreviated ATlchla· The AT! using abundance-we ighted averages of the 
po llutio n tolerance index of diatoms as the trophic-indicator va lues is abbrev iated ATlrT1- The ATI us ing abundance-we ighted averages of ash-free 
dry we ig ht of benthic o rga ni cs as the trop hi c-indicator va lues is abbrev ia ted A TI Arnw- The A TI us ing abundance-we ighted averages of the 
conce ntration of total phosphorous of benthic organics as the trophic-indicator va lues is abbrev iated A TI TP. 

T o tal phosphorous Ash-free dry Pollution So lubl e reactive 
of benthic orga ni cs weight of be nthi c to lerance index phosphorous of 

Index (m g/111 2
) o rga ni cs (g m -2) C hi a (mg m -2) of diatom s water (µgL -1 water) 

AT lchlo 0.93 (0.00 I ) 0 .85 (0 .01) 0 .89 (0.003) - 0 .75 (0.03) 0.5 1 (0.20) 
AT l1rn - 0.8 1 (0.02) - 0 . 78 (0 .02) - 0.85 (0 .0 I) 0.88 (0.004) - 0.27 (0.52) 

AT IArnw 0.98 (< 0.000 I) 0.6 1 (0. 11 ) - 0.48 (0.23) 0.00 (0 .99) - 0. /5(0.7 1) 
ATJ-rp 0.99 (< 0.000 1) 0.98 ( < 0 .000 I) 0.65 (0.08) - 0.49 (0 .2 1) 0. I 6 (0 . 71) 

I 

I 
\ Pollution tolerance index of 

diatom s - 0 .54 (0. 17) - 0.49 (0 .22 ) - 0.86 (0.006) I - 0.48 (0.23) I 
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Appendices 

Appendix I. Streams sa mpled , year s trea ms sa mpl ed , and location s of stream sampling sites. 

Strea m Yea r 
name sa mpl ed Wate rshed Location of sampling site 
S uggs 2015 Stones Ri ver IO km W of Nashville, TN. I 00 m upstream of Hwy 171 bridge . 36° 08 ' N, 86° 31 ' w. 
Trace 2015 Kentucky Lake Waverly, TN. 300 m upstrea m of bridge on E. Main St. 36° 05 ' N , 87° 48' , W. 
Flynn 2015 Cordell Hull IO km N of Bax te r, TN. Flynn C ree k Rd across from Flatt Cemetery. 36° 18' W, 85° 41' N. 
Hurricane 2015 Lower Duck 5 km S of McEwen, TN. 50 m down strea m of bridge at intersection of Hurricane Creek Rd 

and Little Hurrica ne Creek Rd. 36° 03' N , 87° 36 ' W. 
Jones 20 16 Harpeth River 4 km NE of Dickson, TN. 50 m upstrea m of bridge on Jones Creek Rd . 36° 06 ' N, 87° 19 ' 

W. I 
M cAdoo 20 16 Lake Barkley 10 km S.W. of C la rk sv ille, TN. 20 m downstrea m of bridge on Gholson Rd. 36°28 ' N , 87 I 

u 17' W . 

\ Marrow Bone 20 16 Cheath am Lake 4 km E of Ashl and C ity , TN. 0.2 km Non Marrow Bone Rd from the junction of Marrow I Bone Rd and Little Marrow Bone Rd. 36° 14' N, 87° 0.05' W. 
\ Will Hall 20 16 Harpcth Ri ver 4 .5 km E of Dickson, TN . 50 111 upstream of Fo ur mile Ca mpground off Jack son Hill Rd in j 

Montgomery Bell S tate Park . 36° 06 ' N, 87° I 8' W. 
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Appendix 2. Mor pho log ica l c h aracter·istics ( m ean ± SE) of stream sites sampled in 20 I 5 and 20 \ 6 . 

I S uggs Trace Flynn Hu1Ticane Jones McAdoo M. Bone Will Ha\\ ' Characterist ic 20 15 20 15 2015 20 15 2016 20 16 ?0 16 2016 
Discharge (m j·s· ') 0.25 + 0 .0 I 0.34 + 0. 13 0.99 + 0 .06 0.46 + 0.04 0.50 + 0 .00 0.34 + 0.03 0. 13 + 0 .00 0.26 + 0.03 
Width (m) 16.5 ± 1.5 8.8 ± 0.3 9 .3 ± 0 .3 6.6 ± 0 .6 8.8 ± 1.2 17.0 ± 0.5 13.9 ± 0.4 5.9 ± 0.3 
Depth (m) 0.10 + 0.0 I 0 . 13 + 0 .03 0.2 + 0.03 0.20 + 0.0 1 0.37 ± 0. 11 0 .1 4 ± 0.04 0.07 ± 0.00 0.27 ± 0.06 
Ve locity (ms· ') 0. 17 + 0.0 I 0 .33 + 0. 13 0 .60 + 0 .04 0 .39 + 0.03 0. 17 ± 0.00 0.20 + 0.00 0. 15 + 0.00 0. 18 + 0.01 

Benthic substrate 
< 64 mm(% ) 10 + 2 60 + 7 14 + 2 35 + 17 6 ± 5 4 ± 1 20 ± 7 0 ± 0 
Esti mated canopy 
angle (degrees) 120 40 10 60 40 40 60 I 0 I 
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Ap pend ix 3 . Perce nt compos itio n of di a tom tax a I isled in a lphabet ica l o rde r at stream s ites sam p led M ay 20 15, August 201 5, M ay 20 16 , and 
Aug us t 20 16 

S uggs Trace Fly nn Hurricane Jo nes McA doo M . Bone Wi ll Hall 
20 15 20 15 20 15 20 15 701 6 20 16 20 16 20 16 

May A ug May A ug May A ug M ay A ug M ay A ug May A ug May Aug May Aug 
Ach nan thes exiS;ua 
var. co nstr ic ta Boyer 0 .5 
Achnunthes JJinna ta 
Hust 1. 5 0 .9 0.4 0.5 0.8 
A ch nun / h idiurn 
def /e:w Re ini er 0 .5 0.7 0.4 
Achnanth idium 
eu truph ilum Lange -
Bert. 0 .5 0.4 
Achnunthid ium 
gruc illimum Lange-
Berl. 0.4 1.6 
Achnunthidium 
lo lecep lw /um 
Kobayas i 0.5 5.6 2.8 12.2 0.8 
Achnon1h idiun1 
m i11 111 issi11111111 (Kutz.) 
Cza rn . 7.0 8.7 1.0 15.3 3 .? 3.2 '2 .6 I 1.5 4 .7 1.0 20.4 ?.9 6.4 15.2 20.4 18.6 
Achno11 1l1 idi1.1 111 
ri vu lure Potapova and 
Ponandcr 14.9 15.0 66 .3 '2 0.5 46. 8 23.9 7'2 .9 35.8 5. 7 2.4 7.0 10.0 69.9 4.0 10.9 13.6 

Ach 110111hicliu111 sp. 0 .5 1.9 0 .5 1.4 0 .5 1.2 0.4 

A111p /1iple11ru f! e l/11 c iclu 
K Lit z. 0.8 

A111plwru 111i11111iss i11w 
W .Sm . 6.9 1. 7 0.4 1.2 

A 111phoro 11101110110 
Krasske 0.8 0.4 0.4 
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Amphora perp11sil/a 
G run. 1.0 0.9 1.2 0.4 1.8 5.2 4.3 5.7 7. I 0.8 0.5 3.3 
A mphora sp. 0.5 
A mphora venetu Klitz. 0.4 0.5 1.2 0.5 
Bm:illario puroclo.w 
G m e lin 4.8 0.4 7.0 
Co cconeis p edic11 /11 s 
Ehre nb . 13.9 1.9 1.0 0.5 0.5 0.7 4.3 0.5 
Coccone is p lucentula 
Ehrenb . I 0.5 5.3 1.5 11 .6 6. 1 4. 1 13.? 1.9 1.4 3.9 0.8 4.4 1.4 7.4 
Cocco ne is p lacen11tla 
va r. eug ly pto Ehre nb . 4 .6 1.5 4.2 1.2 1.5 4.0 2.9 0.4 0.4 2.4 0.5 2.1 
Coccone is p lacenllilu 
var. linea/a Ehrenb . 2.6 0.5 1.2 0.4 3. 1 0.5 3.4 3.6 0.9 2.5 
Cra licula hulophilo 
(Grun .) G.D. Mann 0.5 0.5 0.5 0.5 0.5 I. 7 0.9 
Cy c/01ella 
rn ene!,!. hin iana Ki.Hz. 1.9 0.5 0.5 0.4 0.4 0.5 0.8 
Cvclu1el/u 
()s eudos 1elli !!,L'l"U Ki."1t1 .. 0.4 
Cvc/0 1ello s1elli,l!,el"CI 
KUtz. 3.6 
Cy 111hel/u uf/i11is KUt1. 4.6 6. 3 3.0 17.7 0.5 6.1 1.9 7.5 1.9 4.3 8.3 9.4 13.2 12.4 2.5 

C 1·111hellu sp . 0.4 
C F111hellu l11n1iclu 
(B rcb .) Van I kurck 0.4 0.5 0.4 1.4 
Diulo11w 1·11/guris 7.8 10 .6 0.4 2.6 0.5 1.7 0.9 
Bory 
£11c1 ·1 m e11w 
ll/JJ)U I rn ·hit 11111111 
Potapova 7.8 2.9 16.3 0.4 0.7 7. 1 5.3 1.3 2.6 16.4 7.7 
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£11cl'()/1e/1/C1 minu/11111 

(H il se) Mann 0.4 0.4 ) .) 0.9 
Encvonema prostr a-

tum (Berk.) Ki.itz. 0.5 
Em,yo ne111a s ilesiac um 

(B leisch) Mann 0.5 0.4 0.4 0.4 0.8 
Epilhemia aJnale 

(Ki.'ltz.) Breb. 0.4 
Ep ilhemiu sp. 0.4 
Eunotiu lunuris G run . 0.4 
Frag i luriu vuucheriue 

(Ki.Hz. ) Peters 0.4 
Frusluliu vulgur is 

(Thwaites) D e Ton i 0.4 
Gump/l()ne is ulivuceu 

(Horn.) Daws. 2.6 0.5 0. 5 4.6 1.6 0.4 0.5 0.4 0.9 
G11111ph 1111 emu 
1I11,1.!,us lul 11111 ( K i.itz.) 
Rabenh . 0.5 0.4 
Ci11 1n11hr 1neIIIu 
hrusiliense Grun . 2.6 2.8 .., 1 

.). 0.4 0.9 0.5 1.3 8.0 0.5 
Ci11 11111lw11e11w ,l.!, roc ile 
Ehn.: nb . 4.6 1.6 0.5 0.4 
Ci ( ill I pl/( )/I(' I/Ill 

111 in11 l11111 Ag. 9.0 1.9 1.4 1.6 0.9 2.2 
Ci<I III/J//()1/ C:' /IIU 
11w·,,11/11111 ( K i.itz.) 3.4 0.8 2.1 0.4 0.8 
Ki.Hz. 
C ( ) Ill p/1< i i/ (' /Il l I 

pse11doa11g11r Lan ge-
Bert. 1.2 0.9 0.4 0.4 
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C< ) /I I/ ill< J/ l l' /1/{/ 

;n11 11 i/i 1111 (G run .) 
Reich. & Lange -Bert 0.9 0.5 1.6 0. 8 
Co111p/Joll(! ll1U sp. 0 .5 0.8 0.4 0.5 
Co111pho11e n1a 
rer ',!_esti1111ll/ Frickle 0.5 
Co111pho 11e 111a 

truncatum Ehre nb. 0.5 0.8 0.4 
C y ros ig ma 
ac uminalum (KLitz.) 
Rabenh. 
C y ros ig ma 
scalproides (Rabe nh .) 3.3 
Cleve 
H ippodo nta capita ta 
(Ehrenb.) Lange-Bert. 0.5 
Karayeva cle ve i var. 
rostrata Hust. 0.4 
Melosira varians Ag. 0.5 1.0 6.0 0.7 2.6 0.8 
Navicula accomicla 
(Hust.) D.G . Mann 0.5 0.4 0.4 0.4 
Navicula 
capitatoradiata Germ . 0.5 1.0 0.5 0.4 0.4 2.4 2.9 4.8 1.2 0.4 0.8 3.2 1.2 
Na vicula cryptotenella 
Lange-Bert. 6.5 0.5 0.5 0.7 0.4 1.5 0.5 3.5 0.8 0.5 0.4 
Na vicula 
cry ptocephala K i.itz . 1.9 0.4 0.4 ?.5 0.5 
Navicula e /g inens is 
Greg. 0.4 
Na vic ula g reg aria 
Donk. 0.4 0.4 
Navicula lanceolata 
(Ag.) Ehrenb . 0.5 0.9 0.4 0.5 0.4 0.4 
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.\ ·01 'ic 11 /u m e 11isc 11!11s 

Sc hum . 0.5 0.5 1.2 0. 8 0.4 
.\ 'm·ic 11/a 111 enisc 11l11s 

var. 111>s c.t!ie 11sis 
(G run .) G run . 0. 8 0.4 
Nu, ·ic u/o minima G run 1.5 4.4 1.9 1. 8 2.8 2.4 18.4 6. 1 7.5 7.6 0. 5 2.9 
Nu,·iculo radioso var. 
tene/la (Breb.) Grun. 0.4 0.5 0.5 
Noviculu 
re ichardtiana Lange- 7.0 0 .9 2.5 0.5 0. 8 0.4 14. 7 0.5 1.3 2.9 0.4 1.4 
Bert. 
Nuvicuala re inhardii 
Grun. 0.4 
Na vicu la 
rhy nchocep lwla Ki.itz. 0. 5 0.5 0.5 0.8 
Navic ula sp. (< 12 µm 
length) 0.5 0.5 0.4 
Navicula sp. (> I 2 µm 
length) 0.5 2.9 0.5 0.4 1.0 l.2 1.2 1. 8 0.4 
Na vicu la 
su bminuscula Mang. 1.4 1.2 0.7 2.9 2.? 1.2 0.4 
Na vicu la subro tunc.lato 
Hust. 1.9 1.3 4.5 3.3 
Nav icula tripunctata 
(0 . F. MUi i. ) Bory 1.5 0.5 0.5 0.5 0.8 1. 1 0.4 5.? 0.5 3.0 0.8 0.9 
Navic 11 /a tr ivia/is 
Lange-Bert. 1.9 0.4 0.5 
Navicula vir idu la 
(Ki.itz.) Ehrenb . 9.2 0.5 0.5 0.5 0.4 5.4 0.4 
Nitzschia amphibia 
Grun . 1.9 0.5 0.5 2.0 0.4 3.8 I I. I 0.4 1.2 0.8 

Nitzsch ia cap irel/ata 
0. 8 Hust. 3.5 7.7 0.5 0.8 1.3 4.3 ? .4 0.4 3.7 0.4 1.6 0.5 
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,\ 'fr_sc /Jio di.11711/u/u 
(K litz . ) 1.5 0.5 
,Vir:::schiu clisstj)U fa 
(K i.ilz.) G run . 3.2 0.5 1.7 3.7 0.9 I. ? 
N i1zschia cli.,·si/JCl /a 

var. 111eclio (Hantz.) 0.5 1. 2 
Grun . 

N itzschiu funti co la 
G run . 0.5 0.5 0.5 
N ilzschiofi'ustulum 
(KiHz.) G run . 0.5 0 .7 1.0 0.9 0.4 
N ltzschiu g ruc ilis 
H antz. 0.5 0.8 0.4 
Ni tzschiu inconspic uu 
G run. 1.5 0.5 0 .5 1.2 J. I 0.4 I 0.4 6.8 0.4 I .? 0.4 
N itzsch iu lineu ris 
(Ag.) W . Sm. 0.5 0.5 
Ni tzsch iu 
microceJJhulu Grun . 0.4 
Nitzschiu m inu tu 
B leisch 0.9 0.4 0.5 0.5 0.4 0.4 
Nitzsch iu puleu 
(K i.Hz .) W . Sm. 2.5 1.4 16. 1 0.5 2.8 0.4 3.1 3.8 2.9 0.9 0.4 0.4 0.4 0.5 0.4 
Ni!zschiu p erminu/u 
(G run .) M. Pcrag 1.0 
Nitzsch iu sinuu lu va r. 
luhelluriu G run. 0.4 0.5 1.2 
Nitzschiu rec/u H antz. 0.9 
Nitzschiu soc iuhilis 
Hust. 1.0 0.5 0.4 0.5 2.5 
N irzschiu sp . 0.9 1.0 0.5 0.8 1. 8 3.8 1.4 1.3 0.4 0.9 0.8 

Nitzschiu tu h icu /a 
Grun . 1.0 0.5 0.5 1.8 4.7 1.0 0.9 0.8 

51 



Pi111111/oria horcu!is 
, ·ar. horeolis E hrenb . 0.5 0.5 
P/011othidi11111 
/0 11ceo/ut11111 Bre b. 1.0 1.4 0.5 0 .9 2.8 0.4 0.8 0. 8 
Pl unol h idiu 111 
l011ceola111111 var. 
d ub iu Grun. 0.5 3.2 2.8 I. ? 0.4 
Psummo lhidium 
c11rtiss i11111111 (Carter) 
Aboa l 0.5 0.5 8.9 0.4 0.9 0.9 1.4 0.4 5.0 0.5 3.3 
Psumm othiclium 
levanderi Hust. L. 
Bukht. & Round 0.5 
Psammothiclium 0.9 1.2 
subotonwicles Hust. 
Pswnmothidiu m sp . 0.5 0.9 1.4 
Pseuclostuurosiru 
trainurii Moral es 
Reimerio sin11ulo 
(Greg.) Koci o lek & 
Stoerme r 2.4 0.5 0.5 6 .1 0.4 1. 3 1.4 1.0 2.6 1.1 4.0 1.8 0.8 
Rhoicosphenio 
curvutu (Ki.itz.) G run . 1. 5 3.4 0.5 ') .4 0.4 0.9 1.4 
Rhopulodiu gihhu 
(Ehrenb .) 0 . MLill. 1.7 
Sel/aphoru 17111711/u 
Klit z. 0.5 
Sellophoru se111in11l11111 
(Grun .) D. G . Mann. 0.8 6.6 1.4 2.? 2. 1 2.8 2.5 

S1011ro.1·irellu 
leptos/ouron (ehre nb .) 
D .M. William s 0.8 
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Srep/w1111£lis c 11s par v11s 
S toe rm er & 
Ha nk ansson 0.5 
Ste17/1011ocli.1·e1 1s s p. 0 .9 0.5 2.7 
S 11rire lla a11g 11s lo 

Ki.it z . 
Surire lla hre hissonii 

Lange-Be rt. & 
Kramm er 1.5 0.5 0.4 
S11rire lla linearis W . 
Sm. 0.4 
Surire llo ovo /i s Breb 0.4 
S 11 r ire llu ova /a var . 
pinnata (W. Sm.) 0.5 0. 8 
Brun . 
Syn edru d elicu tiss imo 
W .Sm . 0.5 
Synedru rumpens 0.4 0.4 
Kutz. 
Sy ned ru 11/na (N itz .) 
Ehrenb . 3.0 0.5 , _3 0. 8 0.5 0.5 0.4 0.4 0.5 
Th uluss ios iru 
weiss/logii (G run .) G. 
Fryxe ll & Has te 0.5 
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A ppendix 4. Pe rcent compos iti o n o r so ft- a lgae tax a li s ted in a lphabe ti ca l o rd e r by phy lum at s ites sampled in M ay 20 I S, August 20 \ S, May 20 16 , 
:in d A ug us t 2 0 16. 

S uggs Trace Fl y nn Hurri ca ne Jo nes M c Adoo M . Bone W ill Hall 
20 15 20 15 20 15 2015 20 16 201 6 2016 20 16 

M ay I A ug M ay I A ug M ay A ug M ay j A ug M ay j Aug M ay I Aug May I A ug May / Aug 

C h loroph yta 

Cor/e r iu g lobulusu 
Pascher 0.2 
C hae lope llis 
o rhicu laris Bertho ld 0.6 0.2 
C ha rucium umh igu um 
H . Jaeger 0. 1 
C h/wny du m unas 
l/ 11',! ll/oso D ill 0 .2 
C h I a mvd1 )/11 ()/1 (/ S I 
c ienkowski i Schmidl c 0. 1 
C hi amydon,onus 
gloho.rn Snow . 0 . 1 0 .1 0.2 
C hlu myc/0111,mus 
gloeol!.w nu Korschi ko v 0. 1 0.2 
Chlumydo 11u111us 
/7u tellur iu Whitford 0 . 1 0. 1 0 .1 0.4 0. 1 
Chlu 111_1•Jor111111us sp. 0 .2 0 . 1 0.2 0. 1 0. 1 

Cluclophoru _g/0111 ero/U 
(L. ) KUtz. 60.9 27.4 27 .7 0 .6 49.3 0.8 3.4 58. 1 17.5 42 .3 
Closteri 11111 ucero.1·11111 
(Schrank ) Ehrcnb . 0. 3 0 .1 0.2 

Clos/er i11111 le ihle i1111i 
Ki.it z. 0. 1 

Closteri11111 11 w 11i/iji:r 11 11 1 
(Bo ry) Ehrcnb. 0. 1 0. 1 0.3 0.7 0.5 
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Clos1c ri11m s <:' /oceum 

Ehre nb . 0.1 

C losteri11111 s p . 0.1 0.2 

Cos111ori11111 s p. 0.2 0.3 

Co e lasrrum 

111ic ro1Jorum Nage li 0. 1 

Cosmar ium ga le ritium 

Nord st. 0.1 

D esmidium h a ilev i 

(Ralfs) Nordst . 0. 8 
E ntoclodia poly morpho 

(G. S. W est) G. M . S m . 0. 1 
Eudurinu c /egons 

Ehrenb. 0.5 

G e mine llu e llip .rnide u 
(Prescott) S mith 2. 0 

G ln eu cystis gi.~u s 
(KiHz.) Lan gerh . 0. 1 0. 1 1.3 

G lo e o cvs tis sp. 0 . 1 

G lo eo cys tis vesic 11/usu 
Nagc li 0 .3 0 . 1 '.8 1.3 8.2 1.6 2.6 0.4 1.5 2.0 5.4 

I ly clrndic t_\'IJ/1 
retic 11/ut11111 (L.) 7.2 
La ).!,c rh . 
Mo 11geu1iu sp. 1.1 

O edolf_ u11i11111 sp . 2 1.3 0.2 10.0 13. 0 2. 1 3 1.0 6.8 

Oocvslis luc 11 s1ris 
C hocl at. 0. 1 
Pundorinu 111 un1111 
(Miil le r) Bo ry 0 . 1 
Protodernw ,·iride 0 .2 
Ki.it z. 
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R!,i~ocloni111n 

hiemgli phic11m (C . 
Aga rdh ) Kutz . 4 .6 
Scenedes111u.1· hij11gu 

(Turp.) L age rh . 

Sce 11e d esn1us 0 . 1 0. 3 0.1 
J imu rphus (Turp.) 
Kutz. 

Scene d esmus sp . 0.3 0. 7 

Selenostrum 

Cll/Jric orn11tum Printz 0. 1 0 .1 0. 1 

Spirogy ro sp . 28. 1 0.2 19.8 

S tigeoclon iu m te nue 
(C.A. A~.) Ki.Hz. 7 ~ __ .) 4.6 19.8 

S tigeocloni11111 sp . 0.1 

Te truse /111i .1 c o rdifiJr111 is 

(Carter ) Sti.:in 0.2 
Ulotl1rix c_l'/indric 11111 
Prcsi.:o tt 5.0 
Ulot/1r ix sp . 0.8 

U /o tl, rix .rnh tilissinw 
Rabi.: nh. 1.5 
Ulut/1rix te 11e rri11w 1. 1 3. 1 
Ki.itz . 
U /0 1/1rix ,•uriuhilis 0 I 
Ki.H:r .. 
Cyanobac ti.:ri a 

llplwnocu1,su eluc/1istu 
West & West 0 . 1 0.4 
AfJhu11ocu1,su p11/chru 
(Klit z. ) Rabenhorst 0 .1 
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Aplwnothece custagne i 
(de B re b.) R a be nh . 0. 1 0.4 o., 
Aplwno lhece nicluluns 
Ri c hte r 0.8 0.3 0.7 0. 1 1.3 0.5 
Borzia p erikle i A nag. 0.3 0.5 
B orzia s p . 0.3 
Borzia lrilocu laris 0. 1 0. 1 0.2 0.1 1.0 0.2 0.1 0.2 0.7 
Cohn. 

C ulothrix sp . 0.6 
Culu th r ix s te llur is 
Barne t & F la h a ult 0. \ 
C humues iphon 
inc rus/ans G run . 1.8 
C hrooco ccus minimus 
(K e iss le r ) Lemm e rm an 0. 1 
C hroococc 11 s minor 
(Kutz.) Nage \i 3.0 0. 1 0.6 0. 1 1.4 0.6 0.2 2.5 0. 1 0.5 0.2 1. 8 

C hroococcus 111in11 /11 .,· 
Ki.Hz. 0.5 0.3 0. 1 
C hrnococcus s p. 0.1 0.6 0. 1 0. 1 
Ducty lri c11cc11psis 
uc iculoris Lc111111cnnan 0.2 
Duc1_1'111 c1icc11ps is 
ro1Jhidioides H an sg. 0. 1 0. 1 0.3 
Doclv luc, 1cc1111s is 
smilhi i C hodat & 
C hodat 0. 1 
£11 1uph, •.rnlis ri1•11/oris 
Ki.Hz. 0.1 0.2 0. 1 2.4 0.5 0. 1 1.3 10.2 2.6 ,.o 0.5 0.6 0.7 5.0 

C /oeocopso uer11g i11usu 
(Ca nn .) KUt z. 0.7 0.7 0.5 

C loeocapsa sp . 0. 1 0.7 
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G/(JCoc ·aps(1psis c i'anea 
(Krieg) Komarek & 
AnaL?;n. 0.2 0. 1 4 .0 0.4 0.7 
C /oeocupsopsis 
p/e11roccupsoides 
(Novacek) Komarek & 
Anagn. 0. 1 0 .1 17.2 0 .7 2.2 0.6 0.2 6.0 0.5 
Gloeucapsopsis sp. 0 . 1 0. 1 

Gloeothece sp. 0.1 

Heterole ible inia 
kossin skajae (Elenkin) 
Anagn. & Komarek 6.7 0.6 24.0 2.8 I. I 9. 1 3.0 3.6 0.5 
Hom eothrix crustaceae 
Woron . 1.2 
Hom eothrixjuliana 34 .1 3. 1 2.0 7.0 28.5 
(Barnet & F lahau \t) 
Kirchner 
Juag inemo 
psewlogeminulum (G. 
Schm id) Anagn. & 
Komarek 0.1 
Komvophoron 
co nsrrictum (Szafer) 
Anagn. & Komarek 0 .1 0.1 5.5 9. 1 
Komvophoron m11nitu111 
(Skuja) Anagn. & 
Komarek 0.1 0 .1 0.3 0.4 1.7 3.3 0.9 0. 1 1.3 

Komvophoron 
schm idlei (Jaag.) 
Anagn. & Komarek 0.6 6.4 2.3 

Leibleinia nordguardii 
(Wi lle) Anagn . & 
Komarek 1.2 0.8 
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Le;){o/i'llgh1·a 

a11g11s1 issi11111111 ( West 
a nd West) A nag n. & 
Komarek 0.5 14.5 2.4 5.9 1.4 0.5 4.2 5.8 6.0 I. ? 19.5 9.1 
LeJJ!ol1•11g h1 ·a 
fm ·eolurnm (Mont.) 
A nagn . & Komarek 10.0 2.1 5.8 8.5 10 .0 2.9 13 .6 4.0 2.2 5.5 16 .2 I 1.5 40.9 1. 8 
Lep1v lvnghva 
nvstvcrum (Bomont.) 
Anagn. & Komarek 0.9 I 1.5 1.0 
Ly ngbvu mujor 3.7 5.4 6.8 
Menegh. 
Lyngb_va murt ensiana 
Menegh. 0.8 5.5 0.8 9. 1 
L_vng hyu nana Ti \den 0.6 2.8 
Leptol_vnghyu ochracea 
(Thur. & Gomont) 0.2 
Anag,n. & Komarek 
Merismopedia 
lenu issimu 0.1 
Lem merman 
Microcvs lis incel'la 
Lem merman 0.3 0.2 
Nos tuc puludosum 0. 1 
Ki.Hz. 

Osc illalorio agardh ii 
Gorn ont 0.3 4. 8 1. 8 
Oscillaturio limu.,·u 
(Dy lw in ) C. Aga rdh 1.1 0.4 JO . I 

Oscillalul'ia pl'inceps 
Vaucher 3 .6 
Oscillalul'ia sp. 0.2 1.5 0. 1 4.2 0.2 1.0 
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( Jsc ·1llutorit1 s11 hhre 1 ·is I I 
S cl1111idk 0 .3 0 .9 5.3 1.0 2.5 0 .6 0 .3 3.4 I 

( )sc 'i/ luto r iu 
s 11hrilissi11w Ktitz . & 3. 0 0 .8 4 .0 1.4 1.3 

I o~ Toni 
P /w ,·11 1icli11111 I 
urric 11/o r11 111 Ga rdn er 
Anagn . & Kom arek I. I 0 .2 0 .7 2 .2 0.4 1. 5 3 .4 0.4 I . ➔ 

Plw rn1 idiu 111 c1111un11wle 

Gom ont 3 .0 16 .9 0 .8 0.4 0. 8 3. 8 0 .5 2.3 
Phormid i11111 d ig 11 e tii 
(Gom ont) Anagn. & 
Kom arek 0.4 18 .0 46 .0 0.4 31. 8 3 .4 63 .4 3 .8 1.3 4.2 19. 2 13.6 2? .5 
Ph ormidium f u vosum 
Bory 0 .6 0 .2 0.1 0.4 
Phor1nidi 11111 f<Jr mosum 
(Bory) Anagn . & 
Kom arek 8.7 1.6 1.5 
Phorm idium Ji-ag ile 
Gom ont 3.0 0.3 1.1 6 .9 0.6 1.6 
Phormid ium indunu/11111 
Klitz. 1.9 
Phormid iu m retzii (C . 
Agardh) Gomont 0.6 5.0 13.5 3 .1 75. 7 9.6 0.5 2.2 
Phurm id ium sp. 0. 1 2.2 0.1 5.8 0 . 1 3. 5 1. 8 1.0 1.2 13.6 

Phormid ium tenue (C. 
Agardh & Gomont) 
Anagn. & Komarek 0 .3 1.3 1.3 2.4 0.4 4.2 5.4 4.6 I. I ? ,., 

_,.) 2.3 

Plectonema 
graci/limum (Zopf) 1.2 
Hansg. 
Schizothrix lardacea 
(Ces.) Gomont 1.9 
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I Spir11/i110 111u/or Ki.itz. I I 8 .\ \ I 

Spir11/inu 1em en·i1110 
Klit z. 2. 2 3 .7 
S 1·11echocuccus 
oemgi11u.1·11s N a_ge li 0 .2 0 . 1 1.1 0 .5 7_7 
S 1·11echucoccus s p . 0 . 1 0 .2 0.1 

S_rnechocy sris sp . 0 . 1 0 . 1 0.8 0 .8 0.4 0.2 0 . 1 

Xe nococcus g racilus 

Lem m erman 0 . 1 0 . 1 
Xe nococcus minimus 
G e itle r 0 . 1 

C ryptophyta 

Crvptom o nas eroso I I 

Ehrenb . 0 . 1 0.1 
Cryptu m onus uno nwlo 

I F. E. Fritish 0 . 1 0.2 I I 
E ugleno phyta I 
Eugleno sp. 0. 1 I I I 
Eugleno tr ipter is (Ouj .) I 

Kl ebs 0 .1 
Truche lo munas 
intermecliu Dangeard 0 .1 
Truche lomonus 
pu/cherr imu var. minor 0.5 
Pl ay ra ir 
Truchelomonus ro hustu 
Sw irenk o 0. 1 
Truchelomonus sp . 0 .1 I 

Ochrophyta 

Botry cliups is sp. 0. 1 
Ophiocytium desert111n 
Printz 0. 1 
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Append ix 5. Ab unda nce-we ig hted average (A -WA) of th e concentrati on of chl orophy ll a of photoautotrophi c periphyton for so ft- algae taxa 
s:impled A ug us t 20 15 and A ug us t 20 16 and A-WA of th e pollution tolerance index of di atom assembl ages (PT I) for soft-a lgae taxa sampl ed 
A uQust 20 15 a nd A ug ust 20 16. T he sta nda rd dev iati o n (SD) of the abundance-we ighted average and rat io of SD to abundance-we ighted average 
(SD/A-WA) are g iven fo r taxa in which mo re than I a lga l unit was recorded . 

C hlorophy ll a PT I 
A-WA S D S D/A-WA 

I 
SD 

I 

SD/A-
A-WA WA 

Chlorophyta 

Corteria g lobu /0.1.-a Pascher 52 .40 2.3 I 
Chaetopeltis orbicular is Berthold 23.04 7.40 0.32 2 .90 0.04 0.001 

Clwrac ium amb ig uum H. Jaeger 136. IO 2.37 

Ch lwny domonus ang ulosu Dill 52.40 2.3 1 

Chlwnydomonas c ienkowskii Schmidle 136 .10 0.00 0 .00 2 .37 0.00 0.00 

Chlamy domonas g lobosa Snow. 95.38 4 7.06 0.49 2.40 0. IO 0.04 

Ch lamydom onas g loeogama Korschikov 52.40 2 .31 
Chlamydomo nas patellaria Whitford 74.45 41.15 0.55 2 .38 0.11 0.05 

Cludop hora glomerala (L.) Ki.Hz. 135.50 24.99 0. 18 2.37 0. 12 0.05 
Closterium acerosum (Schrank ) Ehrenb. 134.80 11 6 .53 0.86 2. 13 0.25 0 .12 

Closlerium moniliferum (Bory) Ehrenb. 133 .70 84 .73 0.63 2.3 1 0.34 0.15 
Coelus trum microporum Nageli 28.40 2.87 
Cosmarium galeritium Nordst. 136. 10 2.37 
Eudor ina elegans Ehrenb . 47.80 2 .62 
Gloeocys tis g igus (Ki.itz.) Langerh. 28.40 2.87 
Gloeocystis vesiculosa Nageli I 0 1.5 1 79 .33 0.78 2.44 0.37 0. 15 

1-/ydrodictyon reticu/a/11111 (L.) Lagerh. 136. 10 0.00 0.00 2.37 0.00 0.00 

Oedogonium sp. 123 .58 30 .36 0.25 2.44 0.16 0.07 

Pandorinu morum (MUiier) Bory 136. 10 2.37 
Rhizoclon ium hierog lyphicum (C. 52.40 0.00 0.00 2.3 1 0.00 0.00 
Agardh) Kutz. 
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1 Sce11ecles11111s cli111ot'pl111.1· (Turp.) Ki.itz. 2 17.20 1.95 
Sce11edesm11s sp . 2 17.20 1.95 
Selenas/!'11117 capl'icor1111t11111 Printz 136. 10 2.37 

Spirog1'/'C1 s p. 136. 10 0 .00 0 .00 2.37 0.00 0.00 
S rigeoclonium tenue (C. A . Ag.) Ki.itz. 52.40 0.00 0 .00 2.3 1 0.00 0.00 
Tetroselmis cordif"ormis (C arter) Stein 52.40 2.3 I 

Ulo thrix cylindric 11111 Prescott 2 17.20 0 .00 0.00 1.95 0 .00 0 .00 
Uloth r ix variab i/is KUtz. 136. 10 0.00 0.00 2.37 0.00 0 .00 

Cy a no bacteria 

Aphanocapsa ela chista West & West 35.53 14.25 0.40 2.79 0. 17 0.06 
Aphanocapsa p ulchra (K i."it z.) 136 .10 0.00 0.00 2.37 0.00 0.00 
Rabenhorst 
Aphano thece castag ne i (de Breb.) 
Rabenh. 39 .80 15 .6 1 0 .39 2.74 0. 18 0.07 
Aphanothece nidu/ans Richter 11 l.97 91.86 0.82 2.43 0.42 0.17 
Borz ia p erik/e i Anag . 13 2.50 119 .78 0.90 2.29 0.47 0.21 
Borzia trilocularis Cohn . 79.77 50.98 0.64 2.58 0.24 0.09 
Calothrix s tellaris Bomet and Flahault 28.40 2 .87 
Chroococcus minimus (Keissler) 
Lem merman 78.40 2 .87 
Chroococcus minor (Ki.itz. ) Nage li 106 .23 80.76 0 .76 2.47 0.38 0. 15 
Chroococcus minutus Ki.itz . 66.16 84.43 1.28 2.69 0.41 0.15 
Dactylococcopsis raphidioides Han sg. 176.65 57.35 0.32 2.16 0.30 0.14 

Entophysalis r ivularis 120.37 86. 11 0.72 2.35 0.39 0.17 
Gloeocapsa aerug inosu (Carm .) Ki.itz. 47.80 2 .62 
Gloeocapsopsis cyanea (Kr ieg) Komarek 
& Anagn . 196 .22 6 1.05 0.3 1 2.05 0.30 0.15 
Gloeocapsops is p/euroccapso ides 
(Novacek) Komarek & Anagn. 40 .68 45 .52 1. 12 2.8 1 0.22 0.08 

Heterole ibleinia kossinskajae (E lenkin) 
Anagn. & Komarek 48 .04 22. 18 0.46 2.63 0.25 0.10 
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/ I / 0111cor/1ri1- cr11sruccuc Woron _ 28.40 o_oo o_oo , _87 I o_oo I ().00 \ 
/-10 11il'Oflin:\ -_j11/iu11a (Borne! & F lahault) I 

Kirchner 56 _86 7_73 o_ 14 ? _58 0_08 0_03 
J ,u1gi111.'111 c1 psl.'11dogf:'1ni11at11111 14 . 10 0.00 0 .00 2 .94 0.00 0.00 
A."0 11n ·oplwron co11stricf11111 (Szafer) 
Anagn . & Komarek 106.82 72.41 0 .68 2 .22 0.1 7 0.08 
J-.: 0 11n·op/10ron muni/11111 (Skuja) Anagn. 
& Komarek 57 . 14 25.45 0.45 2.41 0 .2 0 0 .08 
Ko ml'Oplwron schm idlei (Jaag) Anagn. 
& Komarek 60.94 9.29 0. 15 2 .50 0.2 1 0.08 
Leptolvngb_va ongustissimum (West and 
West) Anagn. & Komarek 44.00 14.83 0.34 0.23 0 .09 
Leptoly ng by afoveo /arum (Mont.) 
Anagn. & Komarek 58 .95 40.98 0 .70 2 .69 0.24 0.09 
Lep to ly ng by o nostocrum (Bomont) 
Anagn. & Komarek 50.97 5.73 0.11 2.34 0.13 0.06 
Ly nghva major Menegh. 64.08 9.79 0. 15 2.63 0.16 0.06 

Lvngby o marte nsiana Menegh . 56.54 5.55 0.10 2.57 0.06 0.02 

Merismopedia te nuissima Lemmerman 136.10 2.37 

Microcystis incerta Lemmerrnan 2 17.20 1.95 

Nostoc puludosum Ki.itz . 28.40 2.8 7 

Oscillatoria ogardhii Gomont 32 .56 58 .77 1.80 2 .85 0.29 0.10 

O sc illatoria limosa (Dy lwin) C. Agardh 70 .90 0 .00 0.00 2 .72 0.00 0.00 

Oscillatoria princeps Vaucher 136 . 10 0 .00 0.00 2.37 0.00 0.00 

Osci/latoria subbrevis Schmidle 38 .16 6 1. 77 1.62 2.83 0.30 0.11 

Oscillatoria subtilissima Ki.itz. & De 36. I 7 12 .84 0.35 2.78 0. 15 0.05 
Toni 
Phormidium arficulatum Gardner Anagn. 

0.15 & Komarek 104.08 80.70 0.78 2.37 0.35 

\ Phormidium autumnale Gomont 64.33 11.5 1 0. 18 2.68 0.09 0.03 

\ Phormidium diguetii (Gomont) Anagn. 
& Komarek 39 .64 25 .69 0.65 2.74 0.20 0.07 

65 



J>/u1n11i,li11111 .ft:11 ·o .,·11111 Bory 14. 10 0.00 0.00 2.94 I 0 .00 0 .0 0 \ 
I />!1on11 idi11 111 _ji-ug ile Gomonl 17. 15 I 0.83 0.63 2 .90 0 . \ 3 0 .04 

Plwr111 idi11111 i11d1111u111111 Klitz . 56 .6 1 1.63 0.03 2 .54 0.01 0 .004 
Plwm1idi11111 r e lz ii (C. Aga rdh ) Gomont 18.67 22 .5 I 1.2 1 2 .92 0 . 11 0 .04 
Plwn11idi11111 te 1111e (C. Agardh & 
Go mont) A nagn . & Komarek 54.08 14 .79 0 .27 2.60 0 .20 0 .08 
Plecronenw g racilli11111m (Zopf) Hansgir 28.40 0.00 0.00 2.87 0 .00 0 .00 
S c hi::orhrix larJacea (Ces.) Gomont 56.90 0.00 0.00 2 .54 0 .00 0.00 
S1 ·n ec /10 cocc 11s a e rug inosus Nageli 50.5 1 25.42 0.50 2 .54 0.23 0.09 

S_,·n ech oco ccus sp. 56.90 0.00 0 .00 2 .54 0.00 0.00 

Srnechocystis sp. 133.88 92.26 0.69 2.29 0.42 0.18 

Xe noco ccus g rac ilus Lemmerman 136. 10 2.37 

X e noco cc us minimus Geitl er 136. 10 2.37 

Cryptophyta 

C rvptomonas erosa Ehrenb . 56.90 2.54 I 
Cry ptomonas anomala F. E . Friti sh 49.40 8.49 0.17 2.38 0.20 I 0.08 

Euglenophyta 

Eug le na tripter is (Duj .) Klebs 136 .10 2.37 
I 

Tra che /omonas inte rmedia Dangeard 136.10 2.37 
Trac he /omonas pulc herrima var minor 
Playfair 47 .80 2.62 
Trache lomonas robusta Sw irenko 136 .10 2.37 I 

Ochrophyta 
Vau cheria sp. 135 .39 8.74 0.06 2.37 I 0.04 I 0.02 I 

\ Rhodophyta I 
\ Audouine /la hermann ii (Roth) Duby I I 2.37 I 0.38 I 0. 16 I 

135.07 73 .86 0.55 
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