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ABSTRACT 
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CHAPTE R I 

I NTRODUCTI ON 

The s tud y of bo t h lentic an d lotic waters has received 

~uch att e nti on in recent ye ars as human activities have 

gr eatl y c:ilt e red th es e e c osys t e s . Rarel _· can p r is tine 

sy s t e ms he fo und f o r st c . Tti i s espec ia ly true in 

the mi dsou th wh e r e im ound e nts a:ic o t he r a t e rati ons by 

th e Co r s o f Engin ee r s ad t e e n1 e ssee a l e y u t ho rity 

h av -a f f e c t e c mos t a j o r s t r I s . uch f ac t o rs as u r ban-

izati on , i nd us tri al·z ion , nd a r1c t ra c e. i c als 

hav al so ha d r l d e fec t s 0 a t e rwa s . E e n so , i t 

i s l m o r ant th a s al e d 'S . s r e e l e a tte ntion . 

W. i l e c o a iso s ., i 0 - a d S_'S e s 11 . no t OS -

s i ble , r se n s ies a se 0 on · t o r 

fu u r c h n c:; . 

Thi s s u l 0 e n e C e i ca l 

and phy s i c a m t 0 e s i Te n:i e ss e . 

0 

Th e 0 J e ti ' s s ' 
, . w e o : ( ) e e r ine 

t h al 1 f o r 0 e> e r R R r 0 s e r e c ha nges 

ln s dS On l bu i a e e r , i e c e i C e ical and 

hys i,.. 1 e r 0 r e ; ( 3) co a e nd c o rrelate 

t he r es u l t s 0 in e 

l 



The Study Area 

The s tudy area involved the lower Rec River and parts 

of ~he Cumberiand River and Big West Fork Creek. All sam­

pling was conducted in Montgomery County, northern middle 

Tennessee, at approximately 36° 32' north latitude and 

87° 22' west longitude. 

2 

The Red River enters Montgomery County from the north­

east, flows in a westerly direction and discharges into 

the Cumberland River at river mile 125.4 (Figure 1). The 

Cumberland enters Montgomer y County from the southeast and 

travels northwestward to the confluence of the Red River 

and then continues southwestward. Big West Fork Creek 

junctions with the Red River about 1.3 miles from the 

confluence of the Red and the Cumberland. The Cumberland 

River has a moderately swift current, but the other two 

streams ar e slow-moving except following heavy or persis-

tent rains. 

The primary study stream, Red River, has a total 

length of 98 miles; 83 are free-flowing, while the lower 

15 are impounded (United States Army, undated). The total 

c rainag e 3rea is 1,456 square miles. Mos t of t his wate r­

shed 1s agricultural with scattered developments. The 

city of Clarksville (population 55,000) is located at the 

· · - the Rea' and Cumberland Rivers and Fort Campbell Junctio~ ot 

Kentucky, ~ Un ited States Army Base, is found at the head-

wat ers of Wes t Fcrk Creek . 



Figur e 1 . Map showing the Cumberland River , Big l~est For.k Creek , and Red Riv e r po rti o n s 
cf th e s tudy area . Large numbers re p r e sent st a tions and small numb e rs indicate r i v er 
mile s . 

w 



4 

Ave rage d i s cha rge fo r the Red River is a pp r ox imate l y 

1 ,113 cu bic f ee t pe r s ec ond (cfs) at Port Roya l and the 

Cu mberland River ave rages 21,48 0 cfs · c 1 ~h D at: 11ea.~, am c1 rr: 

(U. S . Geological Survey , 197 7 and 1978). Monthly average 

discharges for the waterways ar e shown in Figures 2 and 3. 

The appr oximate surface width of the Red River is 

171 feet at the ~outh and 106 f eet 11 miles upstr e am at the 

most distal sampling site . Th e Cumbe rland River is about 

390 feet in width at t he confluence of the Red River. 

The upstream portion of the watershed i~ rolling to 

hilly, well drained, sometimes c herty far mland. The soils 

are mostly of the Baxte r-Mountview-Pembroke Associaticns . 

Banks of the Red River are a pp roximat e l y five pe rcent 

limestone bluff and 95 percent reddi s h-clay loam. The 

lower watershed is primaril y lev e l, consists o f Arrington ­

Lindside - Beason As soc iation soi ls , an d may be ~ell or 

poorly drain e d (U . S. De pa rtme nt of Agriculture , 1975) . 

The lowermost portions of the Re d Riv e r watershed are 

susceptible to flooding (U. S. Geological Survey, 1977) and 

this i s p r c babl y an i mpo rtant fact o r in r e plenishing algal 

f l o ra stoc k f r om farm ponds (Patric· , 197 2) . 

Ph ysiographicall y , t he area i s l ocated in the north­

western section of the Highland Ri m (Fe nneman , 1938). The 

climate is basically a temperat e one with pronounced sea­

s onal chang e s (U. S . Depa rt ffi e nt of Ag riculture , 1975). 

Pr ecipitation average s 48 inches annually with most occur ­

ring in winte r and lea s t in fall . On the average, 
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t empera ture ~ ar e less th an o° C for 79 days of the year and 

gr eate r than 32° C for 71 days . 

Rev i ew of th e Literature 

Algal flcristic s tudies in Tenness ee are limited . An 

earl y account by Eddy (1930) described the planktonic algae 

of Ree lfoo t La ke and Lac key (1942) listed similar forms 

from the Cumberland and Duck Rivers. Herman (Silva) Forest 

conduct ed the most extensive research and is credited with 

three important publications: Forest (1954), Silva (1953) 

and Silva and Sharp (1944). 

Two papers concern algal floristics of the study area. 

A study of the Little West Fork Creek, Fort Campbell, 

Kentucky (U . S. Army , 1974) revealed 17 genera of diatoms 

from periphyton and Harned (1976) described 78 taxa from a 

Kentucky Farm pond . 

In recent years phycological research has deviated 

from solely .taxonomic studies . Efforts are now mostly 

physi o logical or attempt to show correlations between 

algal quality and quantity and human effects on the 

aquatic environment (Patrick, 1973) . Examples are studies 

by Bri!1le y (1940), Fogg (1975), Hohn and Hellerman (1963), 

K1.ine and Lowe (1975), Marshall (1968), Ratnasbapathy and 

Deason (1977), Seilheimer (1963), Staker , Hoshaw and 

Ev"?rett (197-1) , Stoermer (1978), Wager and Schumacher 

(197 0), Wr.itfo rd and Schumacher (1963), and Wujek, et al. 

(1980 \ . ~he Clas s Bacill a riophyceae has received much 

atte nti on ar:d ha s been s tu d ied ex t ens ively (Hohn and 



Hellerman , 1963; Lowe and Kline , 1974; Van Landingham, 

1964 ; Williams and Scott, 1962). 

Stud ies in which many biotic, chemical and physical 

parame t ers were measu red, such as those of Tryon , Hartman 

and Cummins (1965) on t he Ohio River and Patrick, Cairns 

and Roback (1966) on the Savannah River , are priceless 

works which not on l y revealed the conditi on of t he ri vers 

at the time of testing, but also provide an exce ll en t tool 

for comparing other lotic habitats as well as establishing 

historical accounts for future measurements of the same 

streams . 

3 



CHAPTER II 

ME THODS AND MATERIALS 

Eleven sampling stations were established and each 

assigned a number (Figure 1) . Station 1, the uppermost, 

was located 11 mi les from the confluence of the Red and 

Cum be rland River. Station 7 was on Big We st For k Creek, 

0.4 mi les upst r eam from the confluence with the Red River. 

Stations 10 and 11 wer e on the Cu mbe rland River just above 

and be l ow the mouth of the Red Ri ver. Others were located 

at interval s along t he Red . This arrangement gave not 

only adequat e repr esentation of the lower Red Rive r, but 

also indicated effects of Big West Fork Creek on the Red 

and of the Red on th e Cumberland. 

Samples were ta ke n from each station during each of 

the fcur seas ons. Summer samples were taken on 15 , 16 

and 17 July, 19 77; fall on 21 October , 1977; winter on 

3 March, 1978; spring on 12 , 13 , 15 and 20 lay , 1978. An 

18- fcot Vi king OMC inboard - outboard boat equipped with a 

120 hors epower eng ine was used for data collection. 

The data collected from each station included phy t o­

plankton, periphyton , chlo rophyll a concentra tion, primar y 

productivity , and seve r al other physi cal and chemical 

~ ~1ethods for each of these are discussed parame~ers . 1· 

sep~rately . 

9 



?iwtoplan k t on 

Water samples for phy t oplank t on and chlor ophyll~ 

analysis were obtained from five depths at each station . 

10 

The surface samples were collected by inverting a one liter 

Na lgene bottle approximately five cm beneath the surface. 

The 0 . 5 , 1 . 0 , 2.0 and 2.5 m samp les were obtained by 

triggering a 4.5 1 Van Dorn Bottle at each depth . From 

each of t hes e dep t hs , 100 ml samples were appropriately 

labelled and mi xed with four ml o f 10 pe rce nt fo rmalin. 

Samp l es were stored on ice in a dark Styr ofoam cooler 

wh i le in the field. Five hundr ed ml samples we re used fo r 

chlorophyll~ analysi s . 

Upon receipt of the phytoplankton samples in the 

l aboratory , proper bench sheets were filled out and the 

samples refrigerated until determi nations could be made. 

Al l identifications were made wit h a Carl Zei ss Standard 

WL Reseur c h microscope . 

I n preparation for cell counts, each sample was stirred 

for one minute with an aut oma tic stirre r at slow speed and 

then one ml portions we r e transf'2rred t o a Sedgewick - Raf t er 

t . ' ' ~ cover 31 · ·, was p ac ed over the chamber , coun l.ng cnamoer . .-. t" 

cells a llowe d to settle for several rninut<2s , and identifi·· 

cations made at a magnification of 250 X. This magnifi ­

cation was t oo low for specific identifica tions in many 

c&ses but h i gher objectives we re no t use d due t o their 

shorter wo:king d istances . In samp l e s where diato~ 
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numbers were high c t 1 , Lrus u es were cleaned and mounted 

according t o pr oc ed ur es of Hasle and Fryxell (1970) , 

Patrick and Reimer (19 66) and Zo t o , Dil lon, and Schlicht ing 

{ 19 7 3) . Procedures for ph ytoplankton and pe r i phy ton 

anal ys i s followed Brooks (1975 ) , Lund , Kipling and LeCren 

(1958) , Nygaard (1951) and Weber (1968 a:1d 1973) . 

Periphvton 

The attached algae were no t as extensivel studied as 

wa s th e phytoplank ton; tax ono y onl y was c o side red . Pe ri­

phyton samples we re coll ected b ~1acing 12 . 5 x 5 . 0 x 0 .6 

cm Plexiglas plat e s 0 . 5 m eep · n we 1- igh t ed at e r at 

each station . Th e pla es wee positione 

axes parall e le to th e wa t ers r face n 

al uminum holder . The holder s a ache 

one e nd and t o a one - 0 astic jug 

this co!1stantl y ke t th es a de 

b 

pla t es were l ef t i n ce or fo r ,,.-ee s , 

the y wer e c o llecle an f r oze n ags n 

Re tri eval of th e l at es as ess ha n 50 

vandalism ar d es r 1c i on C o wa : e s . 

In the l abor a t o r~ one si e of each 

i t h he· r long 

aste ed to ar. 

o an anc .o r on 

oy on the other ; 

0 . 5 m. The 

t wh ic h i me 

· 1 p r ocess i g . 

e r ce d e to 

ate as scra ed 

f irst with a ne o r e ne olice .. a an he n wit a g lass 

h 1 as r1 s ed in o a 250 ml microscope s lide . T. e p a e w 

· n a our ~l solution of beake r anG th e resi due pr e se r ea 

· 1 o 1 t e r Th e sampl es were dilu ted 10 pe rcent formalin / . wa • 

to 0 . 5 , 1 . 0 , 1 . 5 , o r 2 . 0 _ f o r i de ntificatior. . 
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Al l algal ide nt ific a ti ons we re mad e us ing t he fo llow­

ing taxonom ic keys : Coe ke ( 196 7) , Edmondson ( 19 59) , 

Han sr:1a nn (1973) , Patric k and Reime r (1966), Pr escott (1962, 

1968 , 1970 , 1975, 1978), Smith (1950), Tiffan y and Britton 

(1952) , Tilden (1910), Vinyard (1974), Weber (1971) and 

Whi t f o r d a nd Schumacher (1973). 

Ch l orophyll a Concentrati on 

Water for determ i ning chlor ophyll~ concentration was 

obtained by methods previously descri bed. Five hundred ml 

sa~p l e s were fiel d filtered through glass fibe r filters, 

us ing a Millipore field filtering apparatus. The filter 

pads were folded and protected by a larger filter pad. 

Each filter pack was labelle d and stored in a field desic­

cator on ice until return to the laborator y where the field 

desiccator, containing pads, was frozen until analysis 

c ould be made. The procedures were suggested by the Amer­

ican Public Health Association (1976), Brooks (1975) and 

We be r (1973). 

Chlorophyll~ and phaeophytin ~ concentrations were 

cie t e r mined f luorome trically with an Americ an Instrument 

Compa ny Fluorocolorimeter, Number J 4- 7440. Pr ocedur e s for 

the se de termin a tions f ollowed those of th e Ame rican Public 

He al t h As soc i a t ion (1976), Brooks (1975), Lorenzen (19 66), 

Ri c har ds and Th ompson (19 52), Weber (1973) and Yents ch and 

Me nze l (1963 ) . 

f q l ass fiber filters we r e thawed and placed Th e . rozen _ 
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i n a g la ss ti s sue grinding tube to which 3 ml of 90 perc e nt 

ace ton e and two drops of a saturated solution of calci um 

c arbonate (Caco 3 ) had been added. A Teflon pestle was 

attached to a conventional hand drill and each filter was 

ground for one minute on ice. A hand drill was found to be 

faster and to give more homogeneous results than a grinding 

motor. Prolonged grinding increases the te mperature of the 

sample resulting in more rapid e vaporation of the extract 

(Yentsch and Menzel, 1963). 

The contents of th e grinding tube and 90 percent 

acetone rinsate from the Teflon pestle and grinding tube 

were transferred to a screw-ca ppe d centrifuge tube. The 

tube was sealed, labelled, an d placed in a refrigerator to 

steep for 24 hours. The volume was adjusted to 5 · m1, 

centrifuged at high s pe e d fo r fo ur min u t e s on a clinical 

centrifuge, pipetted into a fl uor e scence test tube, and 

p laced into the flu or ocolori me t e r fo r me as ur ement. 

The fluorocolorimeter wa s mod i f i e d fo r chlorophyll 

. 2 
measurements with a Corning CS-5-6 0 , Number 5543 2-in , 

4.9 mm thick-polished glass f i l t er f o r excitati on wav e -

. 2 0 le ngths and 3 Cor n ing CS - 2- 60 , ~umber 2408 2- in 3 . mm 

thick c o lor filter for em i s sion wav e l eng t hs (Yen tsch and 

Menzel, 1963). The standar d ultrav i o let lamp (G. E. 

Number F4T4 / BL) was re p l ac ed wi t h a " b lu e lamp " whic h 

gives much greate r excitati on ener gy in t he 430-450 µm 

reg ion (Yent s ch and Me nzel, 196 3) . Ch l o r ophyll ~ c oncen-

t · f h t op lan kt on have bee n f ound to exhi b it r at i ons rom p y 
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emission wavelengths in the range of 650 to 675 pm . The 

standard photomultiplier tube (RCA 931A) usually has 

little response to light above 650 pm and was replaced by 

a red sensitive photomultiplier tube (R 136) . This change 

is believed to increase the sensitivity of the fluorometer 

at least ten times (Lorenzen, 1966). 

Since chlorophyll in an acetone solution is de stroyed 

when exposed to white light (Colli ns and Webe r, 1978) , 

serious er r ors in chlorophyll de t e r mina tion may res~lt. 

As suggested by Blanck (1 967 ) aboratory lights were 

covered with a green Plexiglas filter to minimiz e these 

errors . The green Plexiglas has been shown to have maxi­

mum transmission wavelengths at th e same general range 

that chlorophyll a has minimum absorpti on . 

Percent transmittance was recorded for each sample 

and comput ed t o mg of chloroph 11 a per 
3 Chlorophyll 

a concentrations we r e calculated b equa ti ons given by the 

American Public Health ssociati on (1976) . 

Primary Productivitv 

The C- 14 method fo r measurir.g ri Dar roductivity 

· 197' onl an f llowed pr ocedures was conducted 1n summer , , 

d 1 (19 71 ) Te s t s were cond uctec cf Brooks (1975) an Tay or · 

' 10 00 d 4 · 00 p.,., on 22, 23, 24 and 25 oetwee n : a.m. an • · '" · 

August , 197 7 . Ir. the field, 120 ml samples of river water 

k f h Same dep ths as for previous studies. we:e ta en r om ~.e 

· b ttles were preoared for each samp le . Four spec18an o -
'I'wo 
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of t he se we r e cle ar ser um bottles (light bottles ) and two 

we re painted black and wrapped with black electrical tape 

(dark bot tles) • The light bottles measured total C-14 

uptake wh i le the dark bottles measured heterotrophic C-14 

uptake. Each bottle, with water sample, was inoculated 

with one ml of water containing two microcurries fCi) of 

C-14. The bottles were secured to metered brass chains 

an d s uspended from floats to the same depths from which 

their water samples were taken. Incubation was for three 

hours, at which time the bottles were retrieved and immedi­

ately injected with 2 ml of 10 percent formalin to cease 

C-14 uptake. Bottles were stored on ice in the dark until 

they could be transferred to refrigeration. 

In the laboratory, each bottle was filtered through a 

0.45 mm cellulose-acetate membrane filter at 15 inches of 

mercury vacuum. Each was rinsed three times with distilled 

water and the rinse also filtered. The filters were stored 

in a dark desiccator until liquid scintillation counting. 

Results were computed as counts per minute. Although it 

is desirable to make corrections for incident radiation 

variations, this was no t done due t o radiometer failure. 

Other Tests 

Surface water nitrates (N0 3), phosphates (P0 4) and 

total hardness parameters were tested at all stations 

~, 1· · th Hach Chemical Comoany Field Test Kit in U L .:. 1z1ng 1e • ~ 

d 'th the Hach Methods Manual (1973). All da ta acc o r ~ance w1 
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ar e e xpr es sed as part s pe r mi l l i on (ppm) . 

Disso l ved oxyge n in ppm and te rape ratur e in Cen t ig rade 

was meas ur ed wi t h a YS I Model 54 mete r. The se me asur ements 

were made a t the surface and at one meter intervals to the 

r ive r be d . The percent o f oxygen saturation was determined 

us ing me t hods s uggested by Reid (1961). 

The hyd rogen ion c oncentration was determined for sur­

fac e water only with a Corning Model 610 pH meter. Turbid­

ity was determined with a 20.5 cm Secchi-disk after it was 

determin e d that the Secchi-disk readings were as accurate 

as a submarine photometer for determining one percent light 

penetration. Readings were ta ken at each station and are 

reported in cm of light penetration as suggested by Tyler 

(1968). 



CHAPTER III 

RESULTS 

The results obtained in each research category are 

pr e sented be l ow in the same or der as described under 

me thod s and materials. 

Phytoplankton and Peri phyton 

Algal classification varies considerably with differ­

ent authors. In this outline, taxono~ic arrangement and 

nomenclature follow the gene ral scheme of Prescott (1970), 

except that the Cyanophyta is placed f irst in accordance 

with the ph ylogenetic scheme of Bold and Wynne (1978). 

The algal flor a included 149 taxa; 141 o f these 

occurred in the phytoplan kt on c ommunit y and 8 were strict­

l y peri phytic. Four d i v isions, 10 orde rs, 26 families and 

70 genera were fo und (Table I ) . The Cyanophyta included 

14 taxa, Chlorophyta 40 , Eugl enophy ta 6, and Chr ysophyta 

89. Two of the three or ders of Chr ysoph yta encounte red, 

th e Cent ra l e s and Pe nnales, revealed 17 and 70 taxa r e -

s pectively . 

s e asonally , th e summe r f l ora was most dive rse with 

91 taxa; 66 taxa we re fc und in t he f all, 62 in the winter, 

and 85 i n the spring. The numbe r of taxa occurring at 

each sta ti on fo r each s e as on i s s hown in Table II. 

~he summe r fl ora wa s la r ge st i n stand ing crop and 

17 
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Tab l e I. Id t 'f' e n 1 ied algae fr om 
west Fork Creek , and c b t~e lower Red Rive r 8

· 
Tennessee . um erland Riv • 

1

9 er, Montg ome r y County, 

Taxa 

DIVISION CYANOPHYTA 

Orde r Chr oococcales 

Family Chroococcaceae 

Merismopedia tenuissima Lemm. 

~:erismopedia s p . 

Order Oscillatoriaceae 

Family Oscillatoriaceae 

Lyngbya sp. 

Oscillatoria granulata Gard. 

Oscillatoria sp. 

Phormidiurn angustissimum ¼es t e t ~es t 

Spirulina sp . 

Family Nostocaceae 

Anabaenr1 sp . 

*Occurrence 

Su 

Su-F 

Su-F-W-Sp-8-9 

Su-F-Sp-8-9 

Su-F-W-Sp-8-9 

Su-F-11, -S p-5 

Su -W 

Su-F-Sp 

Anabaenoosis circularis (Wes t ) ~ol. & til . Su 

Aphanizomenon flos -aguae (L . ) Ral fs . 
Su -S p- 9 

* Collections of algae from phyt oplankton are represented 
by seasonal abbreviations, i.e., Su=summer phytoplankton, 
F=fal l phytoplankton, w=winie~ phy top lan · t on, sp=spring 
phytoplankton . Numbers represent stations where periphy ton 

was col lec te d on 26 August , 1977. 



Tabl e I . (continu ed ) 

Taxa 

Cylindrospermum sp. 

Nostoc sp. 

Family Hammatoideaceae 

Raphidiopsi s curvata Fritsch 

Family Rivulariaceae 

Rivularia sp. 

DIVISION CHLOROPHYTA 

Order Volvocales 

Family Chlamydomonadaceae 

Chlamydomonas sp. 

Family Volvocaceae 

Eudorina sp. 

Pandorina rnorurn (Muell.) Bory 

Pandorina sp. 

Platydorina caudata Kofoid 

Order Tetrasporales 

Family Gloeocystaceae 

Glo_eocystis sp. 

Order Chlorococcales 

Family Chlorococcaceae 

Closteridium lunula Reinsch 

Closteridium sp. 

Schroederia setigera (Schroed.) Lemm. 

Occurrence 

8-·9 

Su-Sp 

Su 

Su 

Su-F-W-Sp 

Su-F-Sp 

Su-W 

Su-F 

Su 

Su-F-W 

Sp 

F-W 

Su-Sp 

19 



Tab l. I. (c ontinu ed) 

Taxa 

Te traed ron reaulare Kuetz. 

Te traedron trigonum (Naeg .) H · - ansg irg 

r am ily Ooc ystace ae 

Ankis t rodesmus convolutu s Cor da 

Ankist rodesmus falcatus (Cor da) Ralfs 

Ankistrodesmus s p . 

Chlorella sp. 

Franceia ovalis (France) Lemm. 

Franceia sp. 

Treubaria crassispina G.M. Smith 

Treubaria sp. 

Family Micractiniaceae 

Mi cractiniurn pusillurn Fresenius 

Family Scenedesrnaceae 

Actinastrurn gracillum G.M. Smith 

Actinastrurn Hantzschii Lag. 

Crucigenia fenestrata Schrnidlex 

Scenedesmus abundans (Kirch.) Chodat 

Scenedesrnus acuminatus (Lag.) Chodat 

Sce nedesrnus arcuatus Lemm. 

Scenedesmus bi jug a (Turp.) Lag. 

Scenede smus d imorphus (Turp.) Kue tz. 

Occ urr e nce 

F 

F 

Su-F-'iv-Sp 

Su-F-Sp 

F 

Su-F-W 

Su-W-Sp 

Su 

Su-F-Sp 

Su 

Su-Sp 

Su-Sp 

Su-F-S p 

w 

F 

F 

Su-F 

Su-F-S p 

Su-F-W-Sp 

20 



Table I . (cont i nu ed) 

Taxa 

Scenedesmus guadricauda (Turp.) Breb. 

Family Hydrodictyaceae 

Pediastrum Boryanum (Turp.) Meneg. 

Pediastrum duplex Meyen 

Pediastrum simplex (Meyen) Lemm. 

Pediastrum sp. 

Order Zygnematales 

Family Zygnernataceae 

Mougeotia sp. 

Spiro~ sp. 

Family Desrnidiaceae 

Closteriurn sp. l 

Closteriurn sp. 2 

Closterium sp. 3 

Closteriurn sp. 

Cosmariurn sp. 

DIVISION EUGLENOPHYTA 

Order Euglenales 

Family Euglenaceae 

Euglena elastica Prescott 

Euglen2. sp. 

Dreze polski Pha.cus Spirogyra 

Phacus sp. 

Occurrence 

Su-F-w-Sp 

F 

Su 

Su 

Su 

7-8-9 

Su-F 

Su 

Su 

Su 

Su-F-W-Sp 

Su-F-9 

Su 

Su-F-W-Sp 

Su 

Su-F-Sp 

21 



Table I . (contin ued) 

Taxa 

Trachelernonas Girardiana (Pla.) Defl. 

Trachelernonas sp. 

DIVISION CHRYSOPHYTA 

Subdivision Xanthophyceae 

Order Mischococcales 

Family Sciadiaceae 

Ophiocytiurn capitaturn Wolle 

QE.b_iocytiurn sp. 

Subdivision Bacillariophyceae 

Order Centrales 

Family Coscinodiscaceae 

Coscinodiscus lacustris Grun 

Coscinodiscus Rothii (Ehr.) Grun. 

Coscinodiscus sp. 

Melosira ambigua (Grun.) 0. Mull. 

Melosira distans (Ehr.) Kutz. 

Melosira aranulata (Ehr.) Ralfs. 

Melosira herzog~i Lemm. 

Melosira italica (Ehr.) Kutz. 

Melosira varians Ag. 

Melosira sp. 

Cyclotella bcdanica Eulenst 

~lotella qlomerata Bachman 

Occurrence 

Sp 

W-Sp 

Su 

Su-Sp 

Su-F 

W-Sp 

su-F--w-s_p 

Su-F-W-Sp 

Su-F 

22 

Su-F-W-Sp-5-7 

Su-W-Sp 

F-Sp 

Su-F-W-Sp-8-9 

Sp 

Su-F-W 

Su-F-9 



Tab l e I. (continued ) 

Tax a 

Cyclotella sp. 

Stephanodiscus sp. 

Family Rhizosoleniaceae 

Rh i zos olenia eriensis H L s ' th • • r.11 

Rhizosolenia minima Lave nder 

Rhizosol enia sp. 

Order Pennales 

Family Fragilariaceae 

Asterionella formosa Hass 

Occurrence 

Su-F-W-9 

F-W-S p-8 

Su-Sp 

Su-S p 

Su-F-S p 

Su-Sp 

23 

Asterionella formosa var. grac i ll ima Grun. 
w 

Diatoma tenue var. e long a tum Lyngb . 

Diatoma hiemale (Ro t h) He i b . 

Diatoma vuigar e Bo r y 

Diatoma sp. 

Hannaea arcus (Ehr. ) Patr. 

Fragilaria capucina Oesm . 

Fr agilaria construe ns (Ehr . ) Hust . 

Fragilaria l e ptost aur on (Eh r. ) Hust . 

Fragilaria s p . 1 

Fragilaria s p . 

Meri d i a n circular e (Gr ev.) Ag . ------
Q_pe pho ra ~a r tyii He ri b 

Sp 

Su-¼-S p- 7 

W-S p 

Su 

W-S p 

Sp 

Sp 

Su 

Su-F- 1-l-Sp-7-8 

Su-W-Sp 

w 



Ta bl e I . (continued) 

Taxa 

Opephora sp. 

Svnedra actinastroides Lemm. 

Synedra acus Kutz 

Synedra nana Meister 

Synedra rumpens Kutz~ 

Synedra ulna (Nitz.) Ehr. 

Tabellaria fenestrata (Lyngb.) Kutz. 

Tabellaria flocculosa (Roth) Kutz. 

Tabellaria sp. 

Family Achnanthaceae 

Achnanthes clevei Grun. 

Achnanthes lanceolata (Breb.) Grun 

Achnanthes laterostrata Hust. 

Achnanthes sp. 

Cocconeis diminuta Pant. 

Cocconeis sp. 

Rhoi cosphenia curvata (Kutz.) Grun. 

Family Naviculaceae 

Amphipleura pellucida Kutz. 

Anomoeneis sphaerophora (Kutz.) Cleve 

Diploneis elliptica (Kutz.) Cleve 

~yrosigma sp. 

Occurrence 

W-Sp-9 

W-S p-5 

Su -F-W-S p 

Sp 

24 

Su-W 

Su-F-W-Sp-7-8 

9 

w 

Su-F-Sp 

w 

w 

F-Sp-7-8-9 

F-W-Sp-8-9 

8 

Sp 

Sp 

w 

Sp 

F 

Su-F-S p- 5-7-8-
9 
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Tab l e I. (con tinued) 

Taxa Occurrence 

Plagiotropis lepidootera var . proboscidea (Cl . ) Reim. 

Na•; icu la cuspidata (Kutz.) Kutz . 

Navi cula cryptocephala Kutz . 

Navicula lacustris Greg . 

Navicula lanceolata (Ag . ) 

Navicula peregrina (Ehr. ) 

Navicul a r adiosa Kutz . 

Nav 1cula salinarum Grun. 

Nav i cula vanheurckii Patr. 

Nav i cu l a sp . 1 

Navicula sp . 2 

Navicula sp . 

· Neidium sp . 

Pinnularia sp . 

Ple urosigma sp . 

Stauroneis ignorata Hust . 

Family Gomphon emaceae 

Kutz. 

Kutz . 

Sp 

Su - W- Sp 

F 

Su-W 

8 

Su-F-Sp- 8 

Su - F- W-Sp- 7- 8 

Su 

Su-F - W-Sp- 5- 7-
8-9 

Su-F-W 

Su - F-W-Sp-5-7 -
8-9 

Sp 

8 

Su-F-5-7 - 8-9 

F 

(Horne . ) P . Dawson ex Ross & Sims 
Gomphoneis olivaceurn F- W-Sp-5 - 8 

h aruminatum Ehr . s:;omp onema ~ 

h anq, ustatum (Kuetz . ) Gomp onema _ 

h Parvulum Kutz . Gomp onema _ 

Grun. 

Sp 

8 

w 



Tabl e I. (con tinued) 

Taxa 

Gomphonema sp. 

Family Cymbellaceae 

Cyrnbella affinis Kutz. 

Cymbella tumida (Breb.) van Heurck. 

Cymbella sp. 

Famil y Nitzschiaceae 

26 

Occurrence 

W-Sp 

Sp 

Su-F-W-Sp-7-8-
9 

Su-W-Sp-7 

Bacillaria Paxillifer (O .F. Mull.) Hendy Sp-7 

Hantzschia afilphi oxys (Ehr .) Grun. 

Nitzschia acicularis W. Smith 

Nitzschia gracilis Hantzsch 

Nit zs chia holsatica Hustedt 

Sp-7 

W-Sp-9 

Su-F-W-Sp-8-9 

Su-F-Sp 

Nitzschia siamoide2 (Ehr . ) W. Smith 8-9 ·--"'-----

Nitzschia tryblicnella Hantzsch 

Nitzschia sp. l 

Nitzschia s p . 

famil y Surirellaceae 

Surir2lla auate~al ens is Ehr . 

Surirella linearis W. s~ith 

Surir el la s;::i. 

Sp 

Su-W 

Su-F-W-Sp-5-7-
8-9 

Su - Sp 

Su-F-W-Sp-8 

W-Sp 
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Table I I . To t a l b 
f o r a l l dep th s .* num e r of taxa i de nti f i ed at e ach s t a ti on 

Seasons 
Stations Summer Fall Winter Spring 

1 34 14 3 
2 34 8 9 36 
3 37 8 36 
4 44 10 4 31 
5 36 22 31 

6 41 24 12 34 
., 

41 I 24 17 34 

8 43 31 35 

9 46 26 17 34 

10 48 24 20 29 

11 39 25 6 29 

*Winter values are based on surface collections only. 
Wi nter stations nine and ten were sampled a t all depths 
and yielded 12 and 31 taxa respectively; station eleven 
was sampled at surface and 0.5 m on l y and yielded 19 taxa. 
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nu mbe rs were successively smaller during fall , winter and 

s pring (Figure 4 ) · Ave rage phy toplankton cell counts and 

chlorophyll~ concentrations are shown in Figures 5, 6, 7 

and 8 fo r each station . Th · e ma Jor groups of algae naking 

up the se as ona l floras are shown in Figures 9, 10, 11 and 

12 . Chlorophycean algae were most abundant in summe~ and 

fall and their maj o r cons tituen ts are shown in Figures 13 

and 14 for each station. 

Average phytoplankton and chlorophyll~ concentra­

tions for each depth and s easor. are shown in Figures 15, 

16, 17 and 18. The major grou ps occurring at each depth 

are prese nted in Figures 19 , 20 , 21 and 22 . Ratios of 

Carbon -1 4 p rimar y productivity results an d phytoplankton 

cell counts are plotted with chlor ophyll a concentrations 

at each s ta tion and dep th in Fi gu r es 23 , 24 , 25 , 26, 27 

and 28 . 

Chlorophyll a Concentrati on 

se asona l chlo r ophyl l a values a re g i ve n in Tabl e s III , 

d . I The highest c oncentra tion, IV, V and VI , Appen lX • 

119 mg / m3 , was foun d dur· 1 g su mme r ( able I I I) and t he 

3 f 11 (Table I ) Ave rag e concen-l cwest , 4 mg /m , during a · 

trations for the four samp ling period s we re : summer-

3 / m3 winter-42 mg/ m3 an d s pring-17 mg/ 58 mg / rn , fall - 43 mg. , 

3 
171 • 

Carbon- lt Prirnarv Productivity 

given in Table VII , 
Nel production r e sults are 
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Appendix II , as cou nts / minute of C- l 4 . 
Prima r y pr oduc -

ti vi t y incre ased at ta 
nos ownstre am s tati on s and decreased 

with dep t h . 

Ot her Tests 

Dissolved oxygen concentrations, wa~ter temperatures, 

and per cent oxygen saturations are given in Tables VIII, 

I X, X and XI, Appendix III. Surface temperatures and 

dissolved oxygen concentrations are compared in Figures 

29, 30 and 31 for summer, fall, and spring. The highest 

dissolved oxygen concentration occurred in winter (15.8 

ppmi and lowest (1.2 ppm) during spring. Temperature 

extremes for the waterways were 30.0° C for summer and 

2.5° C for winter. Percent oxygen saturations ranged 

from 120 percent in winter to 12 percent in the spring. 

Mean values for dissolved oxygen concentrations, tempera­

tures and percent oxygen saturations were: summer-5.8 ppm, 

27.5° c and 75 percent; fall-4.4 ppm, 12.3° C and 42 per­

cent; winter-8.8 ppm, 4.1° C and 69 percent; spring-5.l ppm, 

15.8° C and 55 percent. 

Hydrogen ion concentration (pH) averaged a slightly 

basic valu e o f 7.6 for the summer and slightly acidic 

f f 11 6 1 for winter, and 6.4 for spring va l ues of 6.8 or a , •-

(Figure 32). 

C oncentrations (Figure 33) showed Phosphate (PO 4 ) 

h 9 Averages were 0.20, 
i~crea2es at stations 5 throug · 

f Summe r fall, winter and 
d O 16 Pplr, or - , 0 . 46 , 0 . 08 , an . 
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s pring, respectively . 

Nitrate (N 0 3) concentrations (Fig ure 34 ) we re mostly 

unifor~ for the summe r , fall , an d win te r wi th conc entra ­

ti ons of 2 . 7 , 2 . 5 , and 2 . 9 ppm but incr e ased in the s pring 

to an average of 3 . 8 ppm. 

Total har dness concentr a t i ons wer e gene ra l l highe r 

at upstream stations an d de c r e ased a t downs t rea stations . 

The fall c oncentrat ions we r e l i .., hest •,1ith an average of 

163 ppm while su mme r , win ter , an d s pr i g r eve aled e ans 

o f 13 7 , 148 an d 143 p m (Figur e 35 ) . 

Transpar e nc y (S ecc h i-di s r e adi ngs ar e g i en i n 

Fi gur e 36 an d r e veal unstead va lue s ; none e xceed one 

me t e r in de pth . 
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CHAPTER IV 

DISCUSSION 

When assessing the water quality, 
methods for biolog-

ical, chemical, and h · p ys1cal measurements must be chosen 
carefully. In the laboratory as well as 1·n 

the field, 

measurements must be as precise as possi'ble with the best 
equipment available and all must b e finished in the time 

allowed. In this investigation, the biological (algal) 

parameters received primary attention; chemic al and phys­

ical parameters were determined as accurately as possible 

and were conducted primarily to h b support t e iological 

data. 

Study Design 

Stations 1, 2, 3 and 4 were in areas where the Red 

River was unaffected by municipal allochthanous nutrient 

and pollutant input and were adjacent to forests and 

cultivated fields. Any allochthanous input was considered 

as non-point and was mostly agricult~ral chemicals. These 

upstream-most stations were in noticeable currents while 

currents were less apparent at downstream stations due to 

wider channels and greater depth. 

Station 5 did not receive any point source of pollu-

tion but pr obably received nutrients from farmland 

f Human Pooulation density increased 
_ram septic tanks. -
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at this po int as th e river a 

pproached the Clarksville area. 
Be l ow stations , poi nt 

sources of allochthanous mate-
rials incr e ased. One maJ·or cot · b 

n ri utor at this station 
was thought to be effluent from 

a meat packing lagoon 
(oxidation pond) located on the 

south side of the river 

(this plant is no longer in operat 1·on). St t· · a ions 5 through 

11 we re close to each other in order •to a etect point 

sources of input and to measure any resulting changes. 

At approximately river mile 0.5 on the Red River, a 

pipe ca~rying secondary treated effluent from the Clarks­

ville main sewage treatment plant enters and extends down­

stream on the river bed to the Cumberland River. Near the 

center of the Cumberland River, the pipe turns downstream 

and releases effluent at river mile 125.3. Unfortunately, 

the pife appears to be broken near the entrance point; 

leaking effluent has been shown by sonar (Davis, 1981) and 

solids float to the surface. 

Two additional sewage treatment plants discharge 

into the river system. The New Providence plant employs 

the trickling filter method of secondary treatment and 

t For k creek at river mile 2.9. 
d i cr h •t r"e~ 1'nto Litt le Wes -.:.>-.1. J. C "j ..::, 

Plant enters Little West Fork Effluent from the Edgoten 

Creek at river mile 7.5. 
This is the smallest of the 

three 
such evidence as floating sewage 

f~cilities and from 

t hat at times the sewage receives 
solids, it is assumed 

neg ligible treatment. 
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The facilities have compound 

effects upon the water-
wa ys. 'T'h . 

- e primary effect is that they 
fertilize the 

streams and add high concentrations of 
bacteria. The 

fertilization causes an increase 
1
.n 

pla!1t life while 
bacterial concent t · d 

. ra ions ecrease dissolved oxygen concen-
trations. 

Phv~lankton - Summer 

Phytoplankton is a mixture of both normally free­

floating forms and attached forms which have broken from 

their substrate. These broken-off forms are termed 

"tychoplankton" by Williams (1964). In calm-flowing 

systems, the amount of tychoplankton may be nominal 

whereas in headwaters and after heavy precipitation the 

amount may be considerable. Bottom disturbances may 

result in benthic algae breaking from the substrate and 

floating to the surface; this is especially true for some 

blue-green algae where gas vacuoles facilitate floating 

(Hutchinson, 1967). 

The observed seasonal succession of phytoplankton 

does not conform to the t ypical fluctuations of numbers 

ana divisicnal dom inance. As shown in Figure 4, the 

(standing stock) occ~rred during gr e atest standing crop 

t he summer. According to Fogg (197S), in the north 

t ·y·,, 1·cal summer flora should be lower t empera te zone the ~ 

bl . ~, 
and a t times, more compara e Wl-~ ln population size 

t.h3t of winter . 



The s i ze o f th 
e s ummer cr op ma y be attri buted to two 

primar y factors : wa rm t e 
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mperatures (which select fo r blue-
gre en algae) and high n• t · 

u rient c oncentrations. Actually , 
the nut rient concentr t · 

a ions may be high throughout all 

seasons but when temperatures are hi' ghe b _ t · 
1 · r, ac eria metab-

olism increases and th e "unlocking" oF t· 1 · 
~ essen ia nutrients 

from human by-products and naturally introduced organics 

such as forest litter is completed at a faster rate. 

The blue-green algae were the major constituent of the 

summer flora (Figure 4), representing 75 percent of the 

total standing crop and dominating at every station (Figure 

9). This percentage may be higher since the "others" 

category is made up of unknown cells and probably includes 

some blue-green algae. 

The checklist shows only one representative of the 

blue-green Order Chroococcales. This is atypical for 

systems where sewage pollution is high (Stanier,~! al., 

1971). Since the algal identifications were made at a 

i'dentifications of some of the nanno­low power, proper 

questionable; therefore they were 9lanktonic species were 

C- .lasses of higher taxonomic rank. g r ouped into 

. usuall\; results in an abundance of Organic pollution J 

h1igh concentration s of phosphates, blue-g reens due to the, , 

nitrates and chelators. Their metabolites co~trol species 

1 kton blooms (Vance, 1965). Also, succes sion in phy top an · 
. pollution, blue-g reen 

since bacteria accompany organic 



al gae and bac t e ria may have mutualistic 
associations 
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(vlhitton, 1973 ) . Once blue-green algae 
have t he proper 

nutrient requirements th 
, ey are advantaged further by 

freedom from zooplankton grazing, their ability to float, 
thus keeping them well within the 

photic zone (Bierman, 

1976), and because they can use carbon dioxide more 

efficiently at lower concentrations than green algae 

(Shapiro, 1973). 

The summer flora exhibited very high concentrations 

of mostly filamentous taxa of Cyanophyta. The most abun­

dant was a taxonomically difficult species identified as 

Phorrnidiurn angustissirnum West et West (G. w. Prescott, 

personal communication). Phormidium angustissimum is a 

very small alga and often confused with bacteria. The 

highest concentrations were found at depths of 0.5 m and 

at the surface. At stations 1 through 5, ~- angustissimum 

occurred infrequently in the samples, averaging only 

1,677,860 cells per liter at each station. However, at 

downstream stations 6 through 11, its concentrations in­

cr eased to an average of 3,642,348 cells pe r lite r. 

t · · m the blue - g reen genera Anabaena , Fo llowi ng f. angus 1ss 1mu , 

and Nostoc ranked next in order of ~ngbya, Oscillatoria 

abundance. 

i an flora was composed of the The summer Cyanop,1yce 

- 1 . w1'th their percentage o to lowing taxa 
f cell counts within 

the Division: 
Phormidium angustissi rnum 55.8, Anabaena s p . 

. 7.8, Nostoc s p . 8 4 Oscillator1a sp. 17.3, Lyngbya sp. • , 
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S . 8 , Aphani zomenon flos-aquae 3 _5 , 
- Merismopedia tenuissima 

1. 0 , Me rismooed i a sp o 15 A b • 
· · ' na aenops1s circinalis 0.09, 

Riv ularia s p . 0.05, and Spirulina sp. o.o 4 . 

The Division Chrysophyta, Order Centrales, 
was the 

second most dominant group and was represented by two 

genera. The five species of Melosira identified ranked 

in order of most to least abundant were·. ~- granulata, 

M. ambigua, ~- varians, ~- herzogii, and~- distans. 

Cyclotella glomerata was the most abundant species of that 

genus, while£. bodanica was found rarely in a few upstream 

samples. ~yclotella glornerata has been cited as one of the 

common diatom taxa occurring at water pollution surveillance 

stations in the United States (Weber, 1971). 

Major Chlorophyta taxa included Ankistrodesmus convo­

lut~s, ~- falcatus, Chlarnydomonas sp., Chlorella sp., 

Eui~ri~~ sp. and Scenedesrnus guadricauda. Non-filamentous 

Chlorophyta were common while filamentous taxa were rare 

(Figure 13). Chlamydomonas, Scenedesmus, Chlorella, 

Ankistrodesmus, and Eudorina rank 3, 4, 5, 10 and 33 

Palmer 's (1969) list of 60 most pollution respectively on 

tole ra~t gen e ra. Fr om the list of 80 spec ies most tolerant 

to organic pollution,~- quadricauda ranks fourth while 

Ankistrodesmus falcatus ranks eighth. Overall, coccoid 

~h". Chlorophyt a f lora at six stations members dominated - ~ 

exhl.bited dominance at three and filamen­while flag e llates 

t aus for ms at one (Figure 13) · 
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At sta t ions 4, 7 and 8 ' Platydoriria ~ata was foun d , 
always below th e surface. 

Prescott (1970, 1978) noted that 
P. cau data is ver y ra d 

re an has been collected in only 

eight states. It was reported from Tennessee by Forest 

(195
4

) and Lackey (1942) • Allen (1920) and Olson (1938) 

correlated the occurrence of the · 
species with large amounts 

of organic pollution and Harris (1969) noted that it 

thrives at temperatures between 1s 0 c and 40° c, can sur­

vive anaerobically in the presence of a proper carbon 

source, and grows well in the presence of NaNo
3 

and urea. 

Harris (1970) also reported that an autoinhibitory sub-

stance is produced. Platydorina caudata was only found 

during summer and in water temperatures ranging from 27.1° C 

to 30.0° c. 

The genus Phacus was the major constituent of the 

summer Euglenophyta. This Division was of minor importance 

overall. Phacus ranks 11 on the Palmer (1969) list of 

genera tolerating organic pollution. 

Summer longitudinal diversity in the Red River was 

greatest at downstream stations (Table II)· Station 10 

• ld d the most taxa with 48. on t he c~mberland River y1e e 

dl·vers1· ty decreases and numbers per species Typically, 

Pollu ted zones (Cairns, Lanza, and increase in very 

Parker, 1972). 

for estimating the standing crop of Another parameter 

. centration of chlorophyll~-ph ytoplankton 1s the con 
This 

db t there are often problems 
technique is widely employe u 
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associated with me thod s and 

inte r pretati on. The primary 
goal of the test is to give · 

an i nd icati on of the amount of 
algae in a sample but i t has also 

been used to measure 

primary producti on (Vo llenweider, 1974), and as an index 

of po tential productivity (Prescott, 1
9621

• 

The t o tal size of the summer phytoplankton standing 

crop 3 long with chlorophyll~ concentrations at each sta­

tion is shown in Figure 5. Station 9 had the greatest 

standing crop, but the chlorophyll~ concentration did 

not differ greatly from that found at other stations. The 

average cell counts found at stations 2, 3, 4 and 5 were 

much smaller than those found at stations 6, 8 and 9. 

There was also an increase in algal numbers and chlorophyll 

a concentration at station 6. As mentioned earlier, the 

effluent lagoon which lies betw~en stations 5 and 6 may 

be the p rimary reason for the phytoplankton pulse exhibited 

there. 

Station 9, located at the widest, deepest, and slowest 

moving point of the Red River, had the largest star.ding 

crop during summer. This may be due to several factors: 

(1 ) nu tr ient increases due to bacterial decomposition of 

rfl t lagoon, sewage treatment plants d isc har ge from the er uen 

Wes t Fork Creek, and the main located upstre am on the Big 

Clarksville sewage treatment plant, (2) the presence of 

impounded water from the Cumberland River, and (3) the 

1 · for a more stable change in river mo r phology al owing 

. d hifting to a more len tic 
phytop lan kton population an 5 
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s ituati on. This semi-lo tic wate r al l ows f or t he 
settling 

out of det r ital substance s an d hence greater 
light pene-

t ra t ion (Figure 36). Station 8 lo t d , ca e upstr e am f r om the 

sewage tr e atme nt plant r e lease an d j ust downstream from 

the conf luence of the Big We st For k Cre ek , had lower stand­

ing cr ops, possibly due t o l e ss availabl e nut r i ents at that 

po int and t ur bu lence attr ibu ted t o t he t ri but a r y d isch a rg e . 

Phytop lan kton - Fall 

Th e f all f l o ra r ev e a l ed both d if fe r ences with and 

s i milari ti es to the s ummer f lor a . Quant it at ively , it was 

five t ime s s mall e r and e xh ib ited a qual ita t ive dominance 

shi f t t o the Chr ysophyc e a n Or d~r Ce nt r ale s (F' gu r e 4) . 

Th i s Or de r i ncl uded 75 . 9 per ce n t of the standi~g cr op and 

was r e p r ese nt ed by 12 s peci e s . Th e ost abundant was 

Melosira jta li ca , fo llowed by ~ - ambigua , J . d is t ans , 

~ - q ran ula t a and M. var i ans . Othe r Ce nt ra l es occurred 

in f r equ e ntl y and at l ow conce ntrat ion . 

The Divisi on Ch l or oph ta va s c omposed of 23 taxa and 

incr e as ed fr om 5 .6 pe rc en t o f th e su me r f l o ra t o 12 . 7 

f 11 Sc e nedesmus quad ricauda \as os t per ce n t o f t he a . _ 

ar. d i n mode r a t e c oncen tr ati o~s . Other Chlo r ophyta occurr ed 

in frequ e nt l y . 

tl1e Ch l o r ophyta , five taxa o f Cyanophy t a 
Fo l l owing 

f ~he st and i ng cr op . c omp r ised 7 . 9 pe r cent o ~ 
Pho r mid ium 
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angu st i ss im um dominated · th . 
, o e rs i ncluded f:yngbya sp ., 

Oscilla t o ria sp Anaba ·, ena sp . d -~~ an Merismopedi a s p . 
The Chrysophycean Ord P 

er e nnale s attained highest 
diversity in the f 11 · a with 25 taxa. However the pennate 
number s we re much smaller and 

constituted 2.3 percent of 

the f l o ra. The genus Navicula was the most d ' 1verse with 

5e ve n speci e s. Synedra acus th 
--:...:;.=-=. - was e most abundant single 

pennate s pecies with Synedra 1 _ ~ occurring at slightly 

lower c oncentrations than s. ~- The pennate genus 

Kitzschia, represented by th t ree axa, was also an important 

component. 

The Division Euglenophyta was represented by two taxa, 

Euglen~ sp. and Phacus sp., and was minimal in the fall 

standing crop. 

Longitudinally, the fall flora exhibited the best 

display of zonation (Figure 6). Cell counts and chloro­

phyll~ concentrations showed low concentrations at the 

upstream stations but begin to increase at station 5. 

Station 9 had the highest cell count concentration whereas 

station 8 yielded slightly higher chlorophyll~ concentra­

t icns. The Cumberland River stations were nearly the same 

with slightly lower concentrations of both parameters at 

the upscream station 10. 

A l ongitud inal analysis of the major groups (Figure 

10 ) a Ce.ntrales was the reason for 
reve al ed that the Or er 

r_h~ · begi' nning with station 4. 
,c. l.n r,r e as e 

This clear Centrales 

· ab massive phcs pha te concentrations 
reaction was accompan 1e Y 
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which show d s ligh t incr 

e as e s at s tat ion 4 , l arge c on cen-
tr a ti ons at 5 thr ough 9 d 1 ' an ow concent rati ons at 10 an d 
11 . Total hard ne s s showed d f ' . 

e in1te de creases as the phyt o-
plan kt on f lor a incr eas ed (F ' 

igure 6 ) · The Div is ions Ch lo r o-
phy t a a nd Cyano phy ta e xhibited 1 puses at station 6 and both 

pe a ked at s t a ti on 9 (Figure 10). 
Coccoid members of the 

Ch l orophy ta wer e dominant at most 
stations and were largely 

respons ib le for the Chlorophyta 1 puses (Figure 14). 

The fall flora averaged 20 taxa per station and show­

ed lowest diversity at stations 1 through 4 and greatest 

d i ve rsit y at stations 5 through 11 (Table II). 

Ph yt oplankton - Winter 

Winter sampling yielded incomplete collections due to 

bad weather and equipment breakdowns. Stations 1, 2, 4, 6 

and 7 we re collected at the surface only, while stations 

3, 5 and 8 were not collected. Stations 9 and 10 were 

sampled completely while station 11 was collected at sur-

f ace and 0.5 m. 

Quantitatively, the winter flora was smaller than 

h f · 4) The Order Centrales remained dominant t e all (Figure • 

bu t de cr e a s ed t o a pp roximately 52 percent while the Order 

t Ranking next in abundance Pen na le s constituted 22 percen • 

were th e Divisi ons Cyanophyta with 10 percent, Chlorophyta 

d Euglenophyta with 0.3 percent. wi t h n i ne pe rcent an 

ed 11 taxa pe r station, the 
Th e wi n t e r f l o ra averag 

l o~es t di vers ity o f an y season. 
winte r diversity was l owes t 
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3t s a i ons 1 , 2 and 4 and mu c h high . 
er at s t a tions 6 7 , , 

Q , 10 an d 11 (Table II ) . 

ine taxa made up th e . . 
wi nt e r - dominating Order Centrales . 

. .\92.in , ,1elos ira was mos t 
nume rous and was r ep re sented by 

~ - a~b igua , ~ - he rz ogii, _M. granulata and _ ~- varians, in 
or de r o f de c re asing abundance. c · osc1nodiscus Rothii, 

Coscinodiscu s sp ., Cyclotella bodanica, Cyclotella sp. and 

Ste phanodisc us sp. occurred infrequently. 

The Ch r ys ophycean Order Pennales was the largest 

tax onomic group and included 37 taxa. The most numerous 

pe nnate ge nus was Navicula with seven taxa; N. peregrina 

was mo s t abundant. Synedra was represented by four species; 

fr om mos t to least abundant was~- ulna,~-~' s. actin­

astroides and ~- rumpens. Nitzschia gracilis and N. acicu-

laris we r e prominent and Opephora occurred frequently. 

The Division Cyanophyta was represented by three taxa; 

Lv~gbya was most abundant but Phormidiurn angustissimum and 

Spirulina occurred rarely. 

Of the 11 Chlorophyceae taxa identified, Chlamydornonas 

sp. , Franceia ovalis and forms of Chlorella sp. dominated. 

Th~ E~gle ncphyta was r e pr e s ented by Euglena and Trachele-

mo r. as i~ ver y low concentrations. 

· (Figure 7) showed low concentra­
Longitudinal analysis 

ti ons of c e lls and c hlorophyll! concentrations at up-

s tr e am sta ti ons 1 , d 6 with a large pulse at the 
2 , 4 an 

This was largely due to an 
Ei g Wes t Fo rk Cr eek s tati on 7 · 

and was accompanied by 
incr e as e in Me l os ir a ~mb igua 
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incr e a ses of Cyanophy ta ad Chl 
n o rophyta (Figu r e 11) . 

cocco1d specie s cominated h 
t e Chlorophyta . S . tat1 on 9 re-

mained as the gr e atest in 
standing crop for both algal 

cel l s and chlorophyll _a (Figure 7 ). 
Both Cumberland River 

stations exh i bi t ed moderate populati' ons 
with an increase in 

algal cel l s and de crease in chlorophyll 
~ concentrations at 

the downst re am station 11. 

Ptytoplankton - Spring 

Spring sampling included complete collections at all 

statior.s except station 1. Phytoplankton dominance shift­

ed fr?m the Order Centrales of the previous fall and win­

te r t o the Chrysophycean Order Pennales. 

Pennate diatoms occupied 50 percent of the standing 

crop (Figure 4). This also was the most diverse group of 

t he entire study with 46 taxa. An average of 33 taxa were 

identified at each station. An average of one million 

ce l ls / 1 made the spring flora lowest in. seasonal standing 

cr op . 

The most abundant genus was Navicula with~- oeregrina 

dominating, followed by~- salinarum, ~- cuspidata and 

N. radiosa . Ni t zschia ran ked second in abundance wi th 
----

N. aracilis, N. holsatica, ~- acicularis and~- tryblionella. 

b 11 Opephora, Gomphonerna and Species of Achnanthes, Cym e a, _ -

Fragilar i a occurred frequently. 

, second in abundance and 
The Order Centrales r an kea 

occu p i e d t of th e s tand ing crop. 26 percen · 
The centric 
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d iat rn e nus elos i r a was the 

an d was composed of , in 
most abundant single genus 

order of abundance , 
~ • he r zog ii , 

1. ambigua , ~ - varians , ~- granulata 
and Melosira s p . 

The Division Cyanophyta . 
y ielded 18 percent of the 

spr ing flor a with Phormid ium anq t · . 
us issimum, Aphanizomenon 

fl os -aquae , Lyng bya sp., Oscillatoria sp., Anabaena sp. 

and Nostoc s p . occurring in most to least abundance. 

The Division Chlorophyta represented four percent of 

the standing crop and increased in diversity to 15 taxa. 

Domina t i ng the small Chlorophycean crop was scenedesmus 

with~- biiuga and S. dirnorphus in greatest to least 

abundance. 

Longitudinally, stations 2 through 9 revealed similar 

phytoplankton and chlorophyll a concentrations (Figure 8). 

Station 10 had a very large standing crop but station 11 

decreased in both cell counts and chlorophyll a concentra­

tions. The large crop at station 10 was due primarily to 

Centric diatoms and increases of Pennate diatoms and 

Cyanophyt a species. The spring Chlorophycean flora was 

dominated by coccoid forms except at station 10 where 

filament ous forms dominated . Longitudinal dive rsity was 

· 1 through 9 (Table II) with mostly homogeneous at station 

slightly lower diversity at station ll. 

yertical Distribution 

l·s primarily a result of repro­
Vertical arrangen,en t 

d the ~ubsequent sinking of 
d h t · zone an ·· uc tior. in the po 1c 



dead an d dy ing c e lls. A slow re a . 
pro uction rate in the 

pho tic zone with a greater sin king speed allows for a 

mor e homogeneous concentration of cells th . 
roughout the 

water column. 

Turbulence is the · 
most important factor affecting 

sinking speeds. Water lacking turbulence has greater 
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sinking rates than does turbulent waters (Gessner, 1948). 

In thermally stratified waters the epilimnion is turbulent 

due to its contact with winds and radiation. The hypo­

limnion has much less turbulence due to its separation 

from the epilimnion via the metalimnion (thermocline). 

It has been shown by Gessner (1948) that algal cells sink 

ten times faster in the hypolimnetic waters. Streams 

lacking thermal stratification could possibly be very 

homogeneous or heterogeneous with higher concentrations in 

certain areas. 

Analysis of the vertical distribution of both cell 

counts and chlorophyll! concentrations revealed that for 

d · t (Fi'gures 15, 16 and 17) , greater summer, fall an win er 

The concentrations occurred at 0.5 m than at the surface. 

spring dis~ribution revealed greater concentrations at the 

as a result of higher repro­surface (Figure 18), probably 

ductive rates there. 
during each season fo llowed 

Vertical distributions 

S
ubdominant groups shown in 

c l osely the dominant and 
was dominated at all depths by 

Figure 4. The summer flora 
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the Cyanophy ta (Fig ur e 19 ) . oth 

' e r groups were un ifo rm 
thr oughout but a t l ower concen t ra tions. 

The fa ll flo ra 
was dominated by t he Cent rales (Figure 20). The vertica l 
a rrangeme n t f or wint e r (Figur e 21) was much like fall; 

Cent rale s domi nated but other groups were also 
important 

at 2 . 0 m and 2 . 5 m. The s pring vert · 1 . 
ica profile (Figure 

22) r evea l ed uniform concentrations of all groups except 

a t 1. 0 m where the Pennales were in larger concentrations. 

Pr i mar y Production 

Streams are one of the most productive biological 

hab i tats; this is especially true for stream zones recover­

i ng from organic waste deposits (Odum, 1956). Problems 

are oft e n encountered in measuring primary production in 

streams. For example, benthic algal communities exhibit 

temporal and s patial heterogeneity (Wetzel, 1975), where­

as phyt op lankton communities have diurnal pulses (Blum, 

1956) and are subject to periodic grazing by vertically 

migr a ting larval insects (Hynes, 1970) • 

Water levels a r e primarily due In this study area, 

to the Ba r kl ey hydroelectric darn. At times of high gener-

ating activ ity , the water level may drop considerably 

d Conve rsely, during times of low 
wit hi n a 24 hour perio; 

. wa t e r· levels increase accordingly. ge nerat1on , 
Although 

ilable water level flue-
no quan tita t ive data wer e ava ' 

dur ing consecutive sampling days. 
tua t ions we r e obs e rv ed 

. and th e reduced light 
With these wa t e r l eve l f luctu ati ons 
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tran spar ~ncy primar ily due t o 1 a rg e phytoplankton s tand­
ing crops and suspe nded 

s olids, pr oduction by benthic 
algae was mini mal; this 1 

ow production was also observed 
by Bl um i n Wi sconsin (1956). 

Primar y production rates 
were not calculated to net 

photos ynthe s is per day (mg C/M2/ day ) due to problems 
with 

f ield equipment, primarily alkalinity testing and incident 

rad iation detection. Th' d' 1s 1screpancy disallows the com-

pari s on of results with other findings but the comparison 

of the stations and depth measurements to each other are 

ve r y useful. 

The study area exhibited a longitudinal zonation of 

productivity. Stations 1 through 4 had lower carbon 

assimilation and stations 5 through 11 had much higher 

rates (Table VII). Surface and 0.5 m measurements (Table 

VII) lie within the photic zone and their peaks at down­

stream stations w~re much higher than samples from the 

upst r eam zone. Depths of 1.0, 2.0, and 2.5 m had similar 

longitudinal fluctuations as surface and 0.5 m values but 

· t ·nute The surface were much reduced 1n coun s per m1 · 

wa t er s we r e the most pr oductive over al l, pr obabl y due t o 

VI I) Anal ysis of vertical availa bl e sunlight (Table · 

profiles of carbon uptake reveals gr eater productivity at 

a decreasing carbon assim­
th e su r face from all stations an 

il a t ion t hr ough the pbotic zone. 
We tzel (1975) suggests 

of carbon as similation throug h 
that t his g~neral decrease 

. . ... . t o t urb i d ity but maintain s 
the pho tic zone i s primarily aue 
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that th i s is al so ch aracteristic o f 
a hype reutroph i c si t ua­

t i on. 

Rati os of Carbon- 14 up ta ke an d phyt op lan kton ce l l 

counts at s t ations 1 and 2 were 
very low (Figure 23) 

wher e as st a t i ons 3 through 11 ( · 
Figur es 24 , 25 , 26 , 27 and 

26) r evea led h igher ratios ne a r t he f sur ace , indic ating 

grea t er Ca r bon- 14 upt a ke per ce l l . 

Tempe ratu r e 

Summe r ai r t e mpe r atu r es we r e warmest , · averaging 
0 

29 . 9 C. Surfac e wat e rs during this same period were also 

warmes t , averaging 28 . 8° C. The fall season s howed a 

decr e as e in a ir temperatu r e t o an av e rag e o f 16 . 4° c with 

a co rr es porydi ng s u rfac e wa t e r de c rease t o an ave rag e o f 

0 13 . 5 C. Winter sampling r evealed t he l owes t t empe ratur e 

for air , 
0 0 1 . 5 C a nd fo r su r face wa t e r , 4 . 2 C. The s ring 

ave r age air t emperatu r e was 14 . 2° C and s ur face wate r 

aver ag e d 15 . 7° C . 

ve rtical t e mpe ratures s howe d no ev idence of comp l e t e 

t hermal stratification (Tables VIII , I X, X an d XI ) f or 

· Al t hough s ome s tati ons exhibited summe r, f all and s pr i ng . 
f to bo t om, d is t i nct 

d if fe r e nces in t emperature fr om su r ace 

zones did not exist . The t empera t ur e an d a ·scharge data 

k Re d Ri ver and umbe rland 
s how that the Bi g We s t Fo r k Cr ee · , 

. t ' s o f r eservoirs but the de ­
Ri ve r have some c haracte r is ic 

_ ~· at the y s hould be consid e r ed 
gr ee o f c ircu l a t ion shows ~n 

streams . 



Longitudinal profiles of 
. surface temperatures indi-

cate homogeneity from succ . 
essive Red R' iver stations and 

t vpi cally different temp t - era ures fo th - r e Big West Fork 
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Creek and Cumberland River ( · 
Figures 29, 30 and 31). 

Dissolved Oxygen 

The primary sourc f 
. es o oxygen in waters are the atmo-

sphere and chlorophyll bearing plants. 
Atmospheric oxygen-

ation is primarily accomplished by diffusion and is accel-

erated by surface water movements (Welch, 1952 ). Welch 

also points out that atmo h · a· sp eric 1ffusion is a very slow 

process. The amount of atmo s pheric oxygen entering the 

water surface depends on atmospheric pressure, water tem­

perature, and the conc entration of dissolved solids in the 

water (Reid, 1961). 

Oxygen can be produced in the littoral region b 

aquatic angios pe rms and periphyton or in the li etic zone 

by phytoplankton. Aquatic angios pe rms were not observed 

in the study area and benthic algal co unities were not 

well developed. In the limnetic zone , factors important 

for oxygen production by phytoplankton are the co centra­

ti on of plants and t he quantity and duration of light . 

·1 of a1·ssolved oxv_gen followed closely Vertical prof1 es 

that of temperature (Tables VIII, IX, X an XI) . At some 

On centrations were greater at stations dissolved oxyg en c · 
t · with the at osphere , 

or nea r the surface due to interac ion 

1 kton (F igures 15 , 16 , 17 
higher concentrati ons of phytop an 
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and 18) and gr e ater metabolic 
rates (Ta bl e VII) . 

~ Tests 

Nitr og en and phosphorus c o . 
ncentrat1 ons are major fac-

tors in c ontrolling the g r ow th o f 1 a gae due t o their usual 

s carcit y in relati on to other essenti'al 
micronutrients 

(Sha p ir o , 1970) . River concentrati ons ar e mai nly o f 

allochthanous origin and very lit tle is saved for th e next 

yea r beca use the y are trans po rted downstream . 

During summer , phos phate c once ntra tions (Figure 33) 

and phy top lan kt on standing cro ps (Figur e 5) did no t always 

incr e ase and de cr ease corr espondingly . Station 6 did show 

incr e a ses in phos pha t e , chlo rophyll~ concentrations and 

phy t oplank ton c e ll count s but at stati on 7 , wh e r e a in ­

crease in phosphate c onc e ntrat ion existed , cell co nts 

dropped an d chlo rophyll a c onc entrations i cr eased . 

Stuti ons 9 , 10 an d 11 e xh ibited h i ghes t cell counts howeve r 

phos phate concen trati ons were com arati e ow. Larg e 

algal s tanding crops us e mu ch more phos hors and the 

concentration of phos phoru s and algal standing crops s ould 

be inversel y p r opo rtiona l . 

t Concentrati ons fo r w·nter Fig re 34) r evea l ed N1tru e 

. h hate (Fig re 33) wit h a 
a~ invers e relati onship to P es p 

i nc r ease at stat i on 
decr e ase from stati on 9 to l0 a nd an 

data for s r in g ( Fig r '= 3 4 ) s h ow s 
ll. Inc omplete nitrat e 

a der: r e as e from 
h 5 an d a n increase f r om 

s tati o n 2 t hroug 

station 1 0 to 11 . 
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Phosphate con t 

cen rations for fall 
exhibited a very 

large increase at stations 5 through 9 (Figure 33). Nitrate 
conce ntrations (Figure 34) 

only showed a slight decrease in 
con centration through the same · t 

in erval of river. In com-
paring these results to the t 

otal phytoplankton crop 

(Figure 6) , it appears that phosphate 
could have been a 

limiting factor for upstream stati·ons 
l through 4, causing 

the decrease in algal cells and chlorophyll~ concentrations. 

If this was the case, it also appears that the algae never 

attained sufficient population siz~ to cause a decrease in 

phosphate and an inverse relationship between the chemical 

and biological parameters. Winter phosphate concentrations 

(Figure 33) correspondingly increased from station 9 to 10 

as aid phytoplankton standing crops (Figure 7). Downstream, 

station 11 exhibited a lower phosphate concentration along 

with lower chlorophyll a concentrations while cellular 

concentrations increased. Spring phosphate concentrations 

(Figure 33) and pH (Figure 32) were similar at most stations. 

Total hardness values were lower at station 9 than at 

any other point for summer sampling (Figures 34 and 35 ) · 

This low hardness level may be associated with the decrease 

. t and the settling ou t of suspended in current at that poin 

t . s throughout for fall solids. Lower hardness concentra ion 

d sed currents. Winter total hard-
may also be due to ecrea 

. 35) followed t he same patte r n 
ness concentrations (Figure 

. 'th a decrease at stations 9 
as n itrate concentrations wi 
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to 10 and an increase at stati on ll . 
Har dne ss conce ntr a­

ti ons e xhibited a ge neral decrease t hrough t he 
sys t em 

du ring spring with an increase f r om s tat ion 8 t ol l . 

Low ligh t pen e tration was pr obabl y due t o larg e phy t o-

plan kton standing crops and su spe nded solids . 
Summer s am-

pling exhibited an incre as e in v i sibility at downstream 

s t ation s ; this may have been due to t he s e ttling out o f 

sus pe nde d solid s . Similar reas ons ay acc ount fo r fl c ­

tuations of Secchi-di sk v i sibility f o r fall . Light pe ne ­

trati on for wint e r (F i gu r e 36 ) was lowes t a t Cu ber an 

Ri ve r station 10 , p r obably due to the grea t e r h t oplan· t on 

s t andi ng cr op found the r e . Low lig ht intensi t ·es , small 

phyt op lan kton popu lations , ands eculati e lowe r 

th L. activit y may have r esulted in sligh t l syn e 1.1 c 

ho o­

ac id ' c 

· ( F · 3 · ) Li g t e e r a on for pH 11 a 1 u e s d u r i n g w 1 t e r 1 g u r e • 

spri ng was poor at downs tr e a sta ions 6 hro gh 9 (Figure 

36) • 



CHAPTE R V 

SUMMARY 

Algal 
st

ua i es we r e conducted quarterly at 11 stations 

on th e Red River, Big West Fo r k Creek , a d c 
berland River , 

Montgomery County , Tenness ee du r ing 1977 an 19 8 . 
In 

add iti on, certain chem ical and phys ·cal ~ara ,e ers were 

s urve yed . The studies showed that t he algal f ora consis t ed 

of 149 taxa which were in greatest a ndanc e d rigs mme r 

and decreased thr ough fall , wint e r ands ri e ric 

d iatoms (Orde r Centrales ) were domina t i n al a nd i t e r 

wh e r e as pe nna te diatoms (Or de r Pe na es ) o i n ed n 

s pri ng . Quantitative parame t e r s · o ed ce co s d 

ch l orophyll a concentrati on . hese r es 1 s indica e 

larger standing c r o s at own st e s i o s h 

an9 1Jst 1ssimurn , 1elosira italic ua and 

Nav icul3 ,ee r egr ina do i ating o r S U .. er , f 1 , wi e r a . 

spring r espect ively . The hyto .. a 0 as mos r od C 

at: the su~face o f downstr e m s t a io s a 0 g a s t 

1n cr C'ps we r e usually most 0 ce ca e a a 'e o f 

0 . 5 r.i . 

Tr. c in put of nutr i en ts com a r · c r r o f a d 

· :1 ifi e m~nici pal s e wage was 1 e . - s a o r s e fo r 

~ standing cr o s an i;igh ;.,hyt. o -i lan ·ton ro i t , . e 

nu tri en t a "d iti ons an decreas ed u~r e red a s ab e 
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riverine phytoplan kton flora at downstr eam sta ti ons . 

Th e absence of ther ma l stratification made available 

nutrients from the bottom which would .ot have be en avail ­

abl e i n a stratified water colu mn. 
·ar m t e~perat r es of 

summer we r e espec ially favora ble fo r gr owth of blue - g r ee n 

algae. 

Chlo r ophyll a con ce ntr ~ i ons gen e r a 1 

with phyt oplankton cell cou t s ; owe e r , d ir e 

1 C ed 

be twee n ch l or oph yl l ! conce ntr a i o s 

ce ll counts wer e no t alwa s e · i de n 

d 0 

e ations 

on 

. itr a te , phos phat e and 

var ied and we r e due t o o 

ha rd es s cc, c e r 0 5 

r a n 

a t och th onou s and lloc h h o s so res . 

ch emical par me t e r s a 

t on st a n 1n cr o 5 ~ 

r ed o f c e 

e a 

Sum~e r pH a l ue s e r 

during th e o t he r s e a ons . 

l ar ge h,·to l an k on s 0 

ecch i - disk va l es 

'' lJ nkt: on • o ula i ons 

~ ~ C J maj hav e be e n 3 

Fr om a l i rn no l Ji a 

cha r c t e ri ze as e u r op i c 

phyt lp lankt o n s ta d ins 

i 

'"' 4 

su~ .e r blue - g r ee n a ae , hi r. 

sat r at i h i gh pe rce nc oxy _e n 

C rat es . 

er a s .. 

lS .a e co r 

cro s r i SU, , 

er lo d 0 

s s . 

o r ,:: .... ,. - ... - J_ 3. 

h se s: 

e :: o e r escn 

ar e co. ce, r 

r o C . i 

s , r . 

e 

n · -

0 s ,a 

wi 

o-

r -

r e 

ea, s r e 

0 rg e 

o s o f 

· es· r f ace , 
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nitrat e , pho s pha t e and o a har ness co . e~ r a O s . ~he 

, e ica l a n u phys ica d a a ' i d . o a · a:• r e •ea ex~-a a­
en 

ti ons f o r algal fl o ra s r ue r e a~ 0 . 
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APPENDIX I 

T a b J e III . Corr -=c tecJ ch l orophyll a con ce nt ration s in mg / m3 at euc h s ta i o n ancl cl•·[ h 
for s ummer samp lin 9 , 1 97 7. 

Dep th i n Stations 

Meters l 2 3 4 5 6 7 8 9 10 11 Avg . 

S u rface 41 48 69 32 79 54 80 81 19 77 51 57 

0 . 5 m 64 55 90 32 5 7 79 107 56 62 74 60 67 

1.0 m 32 21 43 35 59 103 119 47 51 83 51 5 9 

2 .0 m 31 40 44 55 56 77 77 59 43 62 so 54 

2 .5 m 33 46 36 54 47 67 67 55 55 69 81 5 5 

Avg. 40 42 56 42 60 76 90 60 46 73 59 

I.O 

°' 



T ab l e IV . Co rr. o t e d c h lor o p hyll a 
f o r f a ll sampli n g , 19 7 7 . 

De pt h in 

Me t e r s 1 2 3 4 

S ur f ac e 3 6 5 6 

0 . 5 m 29 5 * 8 

1.0 m 6 6 6 7 

2 . 0 m 3 1 3 9 24 

2 . 5 m 6 2 4 * 7 

Avg . 10 11 7 10 

* No data available 

c o n c e nt rati o n s in In <J / m 
3 at 

S tat.i o n s 

5 6 7 8 9 

52 94 67 63 6 0 

75 67 75 76 74 

8 7 3 56 67 58 

26 39 21 59 64 

11 16 13 * 62 

34 58 46 66 64 

c .:.i ch s t ati u n 

10 1 1 

10 2 60 

80 65 

8 0 U 6 

70 97 

74 106 

81 83 

n cJ .J c.: lJ h 

--- --- - ---

Av g . 

4 7 

55 

4 1 

39 

3 5 

'° ....J 



Tab l e V . Co rr ec t e d c hl o r ophyll a 
fo r wi nler s am p l i n g , 1978 . 

Dep th in 

~le te r s 1 2 3 4 

S ur f ac e * 26 * * 

0. 5 m * * * * 

1.0 m * * * * 
2.0 m * * * * 
2 . 5 m * * * * 
~vg. * 2 6 * * 

* No data available 

c o n centrati o n s i n mg / m 3 

Stations 

5 6 7 8 

* 27 * * 

* * * * 

* * * * 

* * * * 

* * * * 

* 27 * * 

a t e a c h s t at.i o n 

9 10 

24 68 

54 63 

32 66 

34 * 

30 68 

35 66 

c1 n cl 

11 

4 2 

* 

* 

* 

* 
42 

d e bJth 

-- --

Avg . 

37 

59 

4 9 

34 

49 

u:> 
Cl) 



Tab l e VI . Correct e d chlorophyll a 
fo r sp ring samplin<J, 1978. 

Dep th in 

t-1eters 1 2 3 4 

Surface * 18 16 16 

0.5 m * 19 18 15 

1.0 m * 20 15 14 

2.0 m * 21 18 14 

2.5 m * 2 0 17 16 

Avg. * 20 17 15 

* No data availabl e 

conce ntration s mg / m 3 in 

Stations 

5 6 7 8 

16 * 10 16 

15 27 12 14 

22 19 13 21 

19 16 * 19 

14 16 5 18 

17 20 10 18 

at eac h 

9 

11 

15 

16 

16 

13 

14 

st.::i ti o n a n u cle p ti 

----------

10 

25 

* 

* 

* 

* 

25 

11 

11 

* 

* 

* 

* 
11 

Av g . 

15 

17 

18 

lS 

15 

I.D 
I.D 



AP PENDIX II 

Table VII . Ne t pri1nar y prod uctivit y of phy t oplankton as Carbo n- 14 ass imil atca in 
d i s inlegra tion s per minute fo r th ree hours incubation. 

Depth in Stations 

Meters 1 2 3 4 5 6 7 8 9 10 11 

Surface 1229 891 4644 7789 21508 

0 . 5 m 1147 6 56 1821 4859 9746 

1.0 m 239 255 413 891 1592 

2 . 0 m 1050 54 132 226 211 

2 . 5 m 383 85 172 158 

54922 36647 5000 2 

16897 13305 29555 

5741 715 1 15136 

737 702 2250 

144 277 6 91 

3 2 631 55983 

31957 27972 

19131 13663 

57 68 8356 

24 76 4295 

3979 8 

189 37 

96 2 3 

487 2 

3619 

I-' 
0 
0 



APPEND I X III 

Tab l e VIII . Di ss o l v e d o xyg e n con ce n t r a ti o n s (ppm), wa t e r t e mpe r a tu r es (° C) , a n d 
pe r c e nt o xyg e n s atura ti o ns a t e a c h statio n an d d e pt h f o r s u mm e r samp l i n g . 

De p th in Meters 
S t a t ion 

No . Surf. l 2 3 4 5 6 7 8 9 

6.6 6.3 6.3 6.3 
l 26.8 26.8 26.7 26.7 

84 % 79 % 79 % 79 % 

7. 2 6. 2 5.4 5.7 
2 29.2 2 7.1 27.0 27.0 

96 % 79 % 69 % 73 % 

8.1 6.9 6.0 5.6 5.3 
3 30.0 2 7.6 27.0 27.0 27.0 

108 % 87 % 77 % 71 % 68 % 

5.6 5.3 5.2 5.5 5.4 5.2 
4 27.5 27 . 1 27.1 27.1 27.1 27.0 

72 % 68 % 67 % 70 % 69 % 66 % 

6.3 5.5 5.4 5.3 5.2 5.2 
5 28.0 26.7 26.5 26.5 26.5 26.5 

81 % 70 % 69 % 67 % 66 % 66 % 

7.2 6.8 5.3 . 5.1 5.3 5.2 
6 29 .9 28.6 27.9 26.3 26.1 26.9 

96 % 8 8 0 
"15 68 % 65 % 66 % 66 % 

10 

r-' 
0 
I-' 



Tabl e VI I I. (Co nt i nu e d) 

Sta t ion 
No . Surf. 1 2 3 

e .1 7.7 6.1 5. 3 
7 30.0 28.0 26.8 26.0 

108 % 101 s:o 77 % 67 % 

5.9 5.8 5.4 5.4 
8 27.5 27.2 27.1 27.0 

76 % 75 % 69 % 70 % 

6.7 5.9 5.9 5.6 
9 29.0 28.5 28.2 28.0 

87 % 78 % 76 % 73 % 

6.6 6.5 6.2 6.2 
10 29.l 28.8 28.6 28.6 

87 % 86 % 81 % 81 % 

8.1 7. 5 6.2 5.7 
11 30.0 28 .9 28 . 7 28.6 

108 % 99 % 81 % 75 % 

Depth 

4 5 

4.6 4.4 
25.2 25.0 
57 % 55 % 

5.0 4.5 
26.0 26.3 
64 % 57 % 

5.3 4.6 
27.1 27.0 
67 % 59 % 

6.3 6.3 
28.6 28.6 
81 % 82 % 

5.7 5.5 
28. 5 28.5 
75 % 72 % 

in Me t e rs 

6 7 

4.0 
25.0 
50 % 

4.2 3.9 
26.0 26.0 
53 % 50 % 

4. 4 4.1 
26.9 26.5 
56 % 52 0 

1'> 

6. 2 6. 2 
28.6 28.6 
81 % 81 % 

5.4 5.3 
28.5 28.5 
71 % 69 % 

8 

6.2 
28.5 
81 % 

5.3 
28.5 
69 % 

6 . 2 
28. 5 
81 % 

5. 2 
28.2 
68 % 

9 

5 . 0 
28 . 2 
65 % 

1 0 

I-' 
0 
N 



Tabj e IX. Di sso lv eu oxyg e n conc e ntrati o n s (ppm), wat e r t empe ratur e s 0 
( C), a n d pe r c e nt 

oxyg e n s aturati o n s a t e ach s tation an d d e pth f or fall s ~mpl ing. 

Depth in Meters 
Stati o n 

No . Surf . 1 2 3 4 5 6 7 8 9 10 

10 . 8 5 . 1 3 . 6 3 . 6 
1 10 . 5 1 0. 5 1 0 . 5 10 . 5 

100 % 47 i 33 "' 33 

10 . 0 5 . 4 4. 2 4 . 4 
2 11. 5 1l . 0 1 1. 0 11. 0 

97 5 2 r 39 i 1 

9 . 7 4 . 6 . 4 . 4 3 . 8 
3 11. 5 1 . 0 11. 0 . 0 1 1. 0 

3 4 3 4 
,, 

3 

8 . C: . 2 4 . 0 4 . 0 4 . 2 4 . 0 
1 2 . 0 . 9 0 . 10 . 10 . 8 10 . 8 
,8 9 37 % 7 ) 37 

8 . 4 3 . 4. 0 4 . 0 
5 1 . 0 1 2 . 0 1 . 0 . 0 1 1. 0 11. 0 

05 J 8 ) 7 37 

8 . 0 3 . 8 3 . 3 . 6 3 . 6 
6 1 5 . 0 l . 5 12 . 0 1 1. 5 1 1. 5 1 1. 5 

83 i 37 i 35 % 3 3 4 4 % 
....., 
0 
w 



Tab le I X. ( Conti nu e d ) 

Dep th in Me t e rs 
S tati o n 

No . Sur f . l 2 3 4 5 6 7 8 9 10 

5 .6 4 . 2 3 . 2 3 . 4 4.0 3.4 3.4 
7 14.7 13. 5 12 . 2 11. 0 11.0 11 .0 11.0 

5 6 % 4 2 % 31 i 32 % 37 % 32 % 32 % 

6 . 6 3 . 2 3 . l 3 .6 3 .7 3 . 7 3 .6 3 . 6 
0 15 . 0 14 . 0 13 . 2 11. 7 11. 2 11. 2 11. 2 11.2 

70 i 32 % 31 % 35 35 % 3 5 % 3 4 % 3 4 % 

6 . 5 3 . 2 3 . 0 3 . 2 3 . 4 3 . 4 3 . 4 3 . 4 
9 16 . l 15 . 0 13 . 9 12 . 0 11. 8 1 1. 5 11.5 11. 5 

69 % 33 <> 30 30 32 32 % 32 % 32 % 

8 . 0 2 . 3 2 . 1 2 . 0 2 . 0 2 .0 
10 14 . 0 15 . 0 1 5.0 15 . 0 15 . 0 15 .0 

80 ts 24 % 2) 20 % 20 20 % 

6 . 4 2 . 2 2 . 2 2 . 1 2 . 0 2 . 0 2 . 0 2 .0 2 . 0 
11 1 5 . 0 1 5 . 0 1 5 . 0 15 . 0 15 . 0 15 .0 15 . 0 1 5 .0 15 .0 

6 5 'A 2 % 2 2 % 22 20 20 i 20 % 2 0 2 0 % 



Table X. Dissolved oxyge n concentrations (ppm), water temperatur es 
oxyge n saturations a t e ach station and depth for winter sampling.* 

Station 
No. 

9 

10 

Surf. 

9.6 
5.9 

80 % 

15.8 
2.5 

120 % 

1 

8.5 
5.9 

71 % 

7.2 
2.5 

55 % 

Depth in Meters 

2 3 4 5 6 7 

5.1 3.7 3.0 
5.8 5.8 5.8 

42 % 31 % 25 % 

0 
( C ), and pe r ce n t 

8 9 

* Stations 1-8 and 11 were not sampled due to adverse weather conditions. 

10 

I-' 
0 
V1 



Table XI . Dissolved oxygen concentrati o ns ( ppni ), wate r t e mpe ratur es (° C) , a n d p r c f •n 
o xyg e n sa turati o n s a t each st ati on a n d depth for spring s ampling.* 

Depth i n Meters 
St.:l ti o n 

No . Surf. 1 2 3 4 5 6 7 8 9 

6.9 3.7 2.8 2.5 2.4 
2 1 7. 1 17.1 17.1 17.1 17.1 

69 % 4 0 % 30 % 27 % 25 % 

8 .0 4.6 3.6 4.0 3.0 3.4 
3 17.1 1 7 .1 17.1 17.1 17.1 17.1 17.1 

86 % 49 % 39 % 43 % 32 % 36 % 

8.2 6.4 7.0 4.2 3.5 3.2 5.1 
4 17.1 17.1 17.1 17.1 17.1 17.1 17.1 

88 % 70 % 76 % 45 % 37 % 35 % 55 % 

6.1 4. 6 3. 2 2.8 2 .6 2.5 2.4 
5 18.0 18 .0 17.9 17.9 17.9 17.9 17.9 

66 % 50 % 35 % 31 % 29 % 27 % 26 % 

7.8 5 . 2 3.4 1. 2 2.7 2.6 2 .4 ?. • 4 
6 15.0 15 .0 15.0 15.0 15.0 15.0 15.0 15.0 

81 % 5 4 % 35 % 12 % 28 % 27 % 24 % 24 % 

9.1 6.5 4.6 3 . 8 3.5 3.3 3.1 3.0 
7 13.0 1 3.0 13.0 13.0 13.0 13.0 13.0 13.0 

85 % 64 % 45 % 37 % 35 % 32 % 31 % 30 % 

10 

I-' 
0 

°' 



Table XI . (C o n ti n u e d ) 

S tati o n 
No . S u rf . 1 2 3 

10 . 2 7 . 2 4 .9 3 . 8 
8 14 .0 14 . 0 14 .0 14 .0 

103 % 73 % 5 0 % 38 % 

10 . 5 6 . 6 5 .1 4.2 
9 15. 0 15 .0 1 5 . 0 15 . 0 

11 0 % 6 7 % 53 % 43 % 

9. 6 
10 1 5 . 8 

1 00 0 
'6 

7 . 2 
11 15 .6 

9 6 % 

De pth in Mete r s 

4 5 6 

3 . 3 3 . 2 3 . 1 
1 4.0 14.0 14.0 
33 % 3 2 % 31 % 

3 .9 3 . S 3 . 4 
1 5 .0 15 . 0 15. 0 
4 0 % 3 5 % 3 5 % 

7 

3 . 1 
14.0 
31 % 

3 . 3 
15 . 0 
33 % 

8 

3 . l 
1 4 . 0 
3 1 % 

3 . 3 
15 . 0 
3 3 % 

9 

3 . 3 
1 5 . 0 
33 % 

10 

....... 
0 
-.J 



APPENDI X I V 

T J L>l e '<f l . '!'u L..il 1 • h y t o p.l. ;in ►. t on c e ll counts <1t ea r.: h dep t h an d st a tion frJr summer s am pling . V alues 
1n d i c a t ,! r.:- .:- i} , :.-, n cL•r, t r ct ti c n s c1 s ce1l s /l. i ter-. 

I)., I' t 11 l. 2 3 

Su r f l lJ ' l ', t! 9 0 U . 0 l 21 5 HO .ll 1 ]]42 4 0 .0 

0 . 5m J -16 1, :W . 0 • 1942 5 00. 0 

I ' 0 111 1 2 11n2 u . o 1101 1 20 . 0 * 

~ . Om ~)7 72'10 . 0 537240.0 2 5 79040. 0 

2 . Sm :, 77 2 0 . 0 1 5 620 00 .0 1265 4 0 0 .0 

T ,) t. ..i l 1 7 fi ':i Y l '.) n . 0 4415600.0 6921 9 80 . 0 
Mean ) :, 7] 0 20 . 0 1 10)900. 1J 1 7 :1 0 495-:0 

lk pth 7 0 9 
-- ---- · 

Sur f 5 9 -l Jtl SO . O 2 S•lb 480.0 119 0 992 0.0 

0.':>111 16 J :2 e ·1 o . o 1 4 JOUO.O 2535) 0 2 0 . 0 

J . 011\ H O il"LO.O 201)98 0. 0 9HY020. 0 

2 . 0 1'. I 6-l -\:)il 0 . [ I 78fJ810.0 l 4S096ti0 .0 

2 .. :J ui S7 CJ'.> 70 . 0 661.640.0 41368370 .0 

'l' u t o.1 l 131 Y2 7 9 1) . 1) 7 ">00140 . 0 (i6-139990. 0 
M•~a n 2 l'i J U 5 ,_, l! • 0 ] $ 001 8~ 0 l.1 7. U7998. 0 

·- -- ---- ---
.. t,; 0 ct.:1t. a avail..l b J e 

S t ations 
4 

1 744920 . 0 

22 46 24 0 . 0 

1.1 675 20 . 0 

)0192 0 0. 0 

1217300.0 

9':iY5180 .0 
19190 3 6. I) 

10 

144 2 078 0. 0 

12 709 8 4 0 . G 

17 1 205 10 . 0 

2~73 07 60.0 

4 2~ 03 9 0 .0 

742 / 22tl0.0 
1 485 4 45(.i. Q 

5 

256)1 60 . 0 

5 409]0.0 

18))72 0. 0 

1 217640.0 

177 6 000.0 

79)14 50 .0 
15862:rn-:o 

11 

6 

349965 0 . 0 

J"/05000. 0 

18 0 2 6 40.0 

)4 6.,8130 . 0 

12 47 517().0 
- )1]8 79 ) . 0 

To t a l 
l-lc>a n - - ----

4521170.0 

0 06 5860 . 0 

2011320.0 

6499) :'> 0.0 

:l!O CJ 8)00.0 
- 5274575.O 

56 9 99260 . 0 
5699926.0 

60567560.0 
605675~0 

5 1 )67410.0 
5 1 36 7 41 . 0 

26 2J (i6 20 . 0 
23&S l 47.0 

2 ) 6 &f.2 7 !l 0 . 0 
468955] . 0 

t-' 
0 
0) 



':' c1 l>le XIIT. To t a l phytoplankton cell counts at eac h depth and statio11 f or f all sdmp l i ng. Values 
i ndicale ce ll c ,)11centrations as c e ll s /liter. 

Stati o ns 
Dep lh l 2 3 4 s 6 

Su tf l.'1-l4JO.O .3])300.0 33330.0 66660.0 899910. 0 1099890.0 

O. '.i m 80080. 0 nno.o 22220.0 14820.0 1344310 .0 377740.0 

.l . Om 44440.0 BUOBO.O 99990.0 44-1400.0 355520.0 55550 00.0 

2 .0m )))30 .0 122210.0 33330.0 211090.0 155540. 0 281580 . 0 

2 . Sm * 55550.0 33])0.0 33330.0 214890.0 377740.0 

•r o t .:il )llOtlO .O 622160.0 222200.0 770300. 0 2970 2 70.0 7691950.0 
Hea n -t";i Tf6-:0 12443::!.0 44440.0 154060.0 5940J4-:-i5 1538390 .0 

De 1Jth ., 8 9 10 11 
To tal 
I-l ean 

S urf 3466J 20.0 2200660.0 2310800.0 2780610.0 2110900.0 155428 90 .0 
14129 90 . 0 

l). Sm 3299670.0 2421980.0 2177560.0 3666300.0 2733060.0 16168760.0 
1469887.0 

l.Om 2 3 3.HOO.O 20~9 ·790. 0 3488540. 0 811030.0 17':198 20.0 171 20510.0 
1556410.0 

2. 0111 9 5S 4tiU.O 2222000.0 2666400.0 1599840.0 18331'..iO.O 101139]0.0 
~ T94 4 8. o 

2 . 5rn 1888:..0.0 999900.0 1466520.0 2177560.0 26<:4le0.0 8]911JSO.O 
762895.0 

rro t a l 1044 3 41..10.0 100 3 2))0. 0 12109900.0 1104)340.0 11121110 .0 67337940.0 
200fl680 .0 2006466.0 2°4:H9B0-:0 2:.i00668.0 222422I:'o Gl 2 IT.fo :0 

·•No cL1ta dVdtl -31"> 1 (! 

I-' 
0 
\0 



T.:11Jl e XIV . To l .:1 1 phytoplankton cell counts at each de(Jth and station for wint er tidmp linq. Valu es 
indica t e c ell con c.:: ntr ation i; as cell s /lit ec- . 

- - ·--·-·-------

Stations 
Ot::p::ti 1 2 ) 4 5 6 

S urf 24 4420.0 27 7750. 0 • 155540.0 . )11080.0 

O. Sm • • • • • 

l . 01:1 • • • • * 

2.0 111 • • • • * * 

2 . 5 111 • • • • • . 
Tu l a I 2 444 2 0.0 2?7750 .0 155540.0 JlJ0IJ0.0 
Me-1.-i 2rITii:i~-o 277750.0 15 5 540.0 )11080. 0 

De pth 7 8 9 10 11 Total 
Me an 

Surf 6JlO •lt30.0 • 4(;6620.0 )599640.0 7 11040 .0 12076570.0 
1509571.0 

0.5m * • 666600.0 12,9870.0 28:.!1940 .0 4788410.0 
1596137.0 

i . 0111 • * 377740.0 1666500.0 * 2044240.0 
10·2 212o.""o 

2. 0m * • 366630.0 377740.0 * 7443 ·, o.o 
-3-72185.0 

:,, . 5111 * • 422180.0 999900.0 * 1 4 22080.0 
711 040.0 

Tota l.. 63104UCJ.O 22997"/0.0 7943650.0 35329U0 .0 21075670.0 
!-lean 6)10 ,100.0 459954.0 1588730.0 1766490.0 42151J4.0 

*tlo data ava il c:ib l ~ r--' 
I-" 
0 



T.tl, I e xv. Tutul 1,ti ~, t o p l a n l- t o n ce ll count s a t e~ c h depth an d s t a ti o n t or spci n g t3ilmp ling. Values 
indi c ate c ell CUII CL'll trctt ion s a ~ cell s /lit er . 

f tati o ns 
P e pt h l 2 3 4 5 6 

Su rf • 1699830.0 79992 0.0 477 730.0 3 B8tl 5U . O 8)]250.0 

0 . :, 111 * 3 22 1Y O . Q 3 7 77 40 . 0 5 2 217 0. o· 3 4441 0 .0 6 22160. 0 

L . Um 53)180. 0 6)) 2 7 0. 0 866580.0 4]] 0 70 .0 4 )]290.0 

2 ' •J;,1 9Y9YOO . O 52 2 170. 0 333300.0 )55 52 0 . 0 4 888 4 0 . 0 

2 . ':, m * 4 11070 . 0 68U82 0.0 344 4 10. 0 5 1106 0 . 0 8110 30.0 

T ~, La l 3966270.0 3 0 2192 0 .0 2 5 4 4190 . 0 201 09 10.0 3188570 . 0 
~\(· ,, 11 7 9)25 4. 0 6-CJ43 8 4 • O 508&38 . 0 402Ie:L75 6)7 714-:-0 

l\~ pl.h 7 8 9 10 11 'l 'o ta l 
Mc .-in 

:_; u l f (, 9 99)0.0 77"/7 0 0 .0 388135 0.0 6 3 7 7140.0 18 7 7590 . 0 143 20 790.0 
1432 079.0 

O .Sm J01Hl5 0.0 47773 0 .0 75 5 4 80.0 15 7 7620 .0 29219)0 . 0 8 ) 10280 . 0 
- 8Jl028 . 0 

l .O rn '13~ 29 0 . 0 6 110 50.0 7 6 6 59 0.0 * * 4681l4 20 . 0 
5 860 )5 . 0 

2 . 0m 4) 3 290 . 0 11.332 20 . 0 6 5 5490 . 0 • • 4 9 2 1"1 ]0 .0 
615 216. 0 

2 .5m 344410.0 5555 00 .0 5088 30.0 • • 42 5 51) 0. 0 
5)1 89 1. 0 

•ro t ;i l 22'J 'J77 0. 0 3555200.0 ]155240 . 0 7 <:,5 4 760.0 4 7 'J'J S2 0.0 )64 9 6 )50.0 
Me.:. n -:is:195·;i -:-o 7110 40.0 6]1040 . 0 397738 0 .0 23 9~ 760.o ill25554. 0 

I'-' 
t--

• 110 d at a ;;iva i Lct b l e I'-' 
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