


WATER QUALI TY OF TEE LOWER RED RIVE~ 

MONTGOME RY COUNTY , TElWESSEE 

An Abstract 

Presented to 

the Graduate Council of 

Austin Peay State Universi t y 

In partial Fulfillment 

of the ?equirements for the Degree 

Master of Science 

by 

Michael Lynn Davi s 

January , l.981 



ABSTRACT 

A water quality study of the lower 11 miles of the 

Red River was conducted from July 1977 through May 1978. 

Selected biological, chemical and physical tests were con

ducted quarterly at 11 permanent stations. The major objec

tive of this research was to define the existing water 

quality of the river in terms of pollution, biological 

and physicochemical characteristics. 

The water quality criteria used for making the above 

evaluations were: benthic macroinvertebrates (species com

position, diversity and equitability), fecal coliforrns, pH, 

temperature, dissolved oxygen, total hardness, nitrate 

nitrogen, orthophosphate and Secchi disc transparency. 

From benthic macroinvertebrate diversity and equita

bility data it was concluded that the Red River had areas 

of raild to heavy pollution at stations in and below the 

mouth of the Big Hest Fork. Upstream of this the river 

was basically in the clean water range. Species composition 

also changed at the downstream stations. The upstream 

faun a were dominated by dipteran larvae while oligochaetes 

comprised most of the downstream fauna. 

Fecal coliform counts were higher at the downstream 



s t ations near the Big Wes t Fo rk and the Cl arksville sewage 

treatment plan t . Low f low and higher temperatures corre

lated with the higher bacteria counts. 

Water temperature approximated the monthly mean air 

temperature and dissolved oxygen was in highest concen

t rations at the surface. Dissolved oxygen levels at the 

bottom were too low to allow a diversified fish fauna. 

Hydro ge n-ion concentration (pH) was constant among all 

depths and stations within each sampling while a seasonal 

variation was noted. Water transparency was found to be 

lower at the rural upstream stations. This was mainly a 

result of excessive silt from agricultural runoff and bank 

erosion. The high turbidity in the Red River, and the 

associated light quenching properties, could have been a 

limiting factor in its productivity. 

Nitrate nitrogen and orthophosphate were found in suf

ficient concentrations to support excessive plant growth. 

The Red River was found to have moderately hard to hard 

water with total hardness having an inverse relationship 

to visual clarity. 



WATER QUALITY OF THE LOWER RED RIVER 

MONTGOMERY COUNTY, TENNE SSEE 

A Thesis 

Presented to 

The Graduate Council of 

Austin Peay State University 

in Partial Fulfillment 

of the Requirements for the Degree 

Master of Science 

by 

Michael Lynn Davis 

January 1981 



LIST OF TABLES 

TP.BLE PAGE 

1. Station location, average river depth (meters) 
and average river width (meters) . . . . . . . . . . . . . . . 8 

2. Benthic macroinvertebrates collected at 
station 1 during four sampling periods ........... 

3. Benthic macroinvertebrates collected at 
station 2 during four sampling periods ........... 

4. Benthic macroinvertebrates collected at 
station 3 during four sampling periods ........... 

5. Benthic macroinvertebrates collected at 
station 4 during four sampling periods ........... 

6. Benthic macroinvertebrates collected at 
station 5 during four sampling periods ........... 

7. Benthic macro invertebrates collected at 
station 6 during four sampling periods ........... 

8. Benthic macroinvertebrates collected at 
station 7 during four sampling periods ........... 

9. Benthic macroinvertebrates collected at 
station 8 during four sampling periods ........... 

10. Benthic macroinvertebrates collected at 
station 9 during four sampling periods ........... 

11. Percentage of major taxonomic groups of 
all individuals collected for all sam-

13 

15 

17 

19 

21 

23 

25 

27 

29 

pling periods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 

12. Temperatures (0 c) at one meter depth intervals 
on the lower Red and Cumberland Rivers on 15, 
16, 17 July 1977 ................................. 37 

i 



To the Graduate Council: 

I am submitting herewith a Thesis written by Michael 
1 . Davi s enti tled "Water Quality of the Lower Red River, 
Montgomery County, Tennessee." I recomnend that it be 
accepted in partial fulfillment of the requirement for the 
degree of Master of Science, with a major in Biology. 

Dr. 
Major Professor 

We have read this thesis and 
recommend its acceptance: 

Second Committee Member 

Accepted for the 
Graduate Council: 

Dean of the Graduat e School 



ACKNOWLEDGEMENTS 

This thesis is dedicated to the memory of Fred w. 

Keyes, Jr. 

I wish also to acknowledge the assistance from my 

major professor, Dr. David Snyder. In addition, I would 

like to thank Dr. Floyd Ford and Dr. R.H. McCoy for their 

constructive criticisms and contributions. 

I would like to express gratitude to Drs. Davis and 

Diane Findley for their support and encouragement through

out my college career. Their enthusiasm and help was very 

important during the early stages of this project. 

Enough cannot be said here about my research partner, 

Larry Carpenter. The dedication Larry exhibited, not only 

to his study, but also to mine, contributed greatly to the 

success of this work. 

Appreciation is extended to fellow graduate students 

Jackie Stack and Ralph Thompson who donated several hours 

to the project. 

I wish also to thank my wife Sherry, daughter Andrea 

and my parents for their continued encouragement and support 

which contributed in a major way toward the completion of 

this thesis. 



TABLE OF CONTENTS 

List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i 

List Of Figures ........................................ iv 

Chapter 

I . INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Objectives of the Study..................... 1 

Description of the Study Area............... 2 

Other Studies on the Red River.............. 4 

II. LITERATURE REVIEW .................... . ........ . 

III. METHODS AND .Mll.TERIALS ......................... . 

I V. RESULTS ..•..................•..........•....... 

5 

7 

1 ') _,,_ 

Benthic Macroinvertebrates ................. . 12 

Temperature................................. 36 

Dissolved Oxygen ............................ 36 

Nitrate Nitrogen............................ 43 

Orthophosphate .............................. 46 

Secchi Disc.......... .. ..................... 46 

Total Hardness...................... . ....... 49 

pH. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 9 

Fecal Coliform Bacteria ..... . ....... . ....... 49 

V. DISCUSSION.................. . .. . . . . . . . . . . . . . . . . 54 

Benthic Macroinvertebrates .............. ... . 54 



TABLE OF CONTENTS CONTINUED 

CHAPTER 

Temperature ............................... . 

Total Hardness ... . ........................ . 

PAGE 

60 

67 

pH. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 9 

Fecal Coliform Bacteria .................... 70 

VI. SUMM.?l.RY AND CONCLUSIONS ........................ 74 

Summary. . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 7 4 

Conclusions................................. 77 

LITERATURE CITED. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 

APPENDIX I. STREAM BOTTOM PROFILES .........•....... 86 

APPENDIX II. CHECKLIST OF BENTHIC MACROINVERTEBRATES 90 

APPENDIX I I I. RAW DATA. • • . . . . . . . • . . . . . . . . . . . . . . . . . . . . 9 2 



LIST OF TABLES CONTINUED 

TABLE PAGE 

13 . Temperatures (0 c) at one ~eter depth interv als 
on 21 October 1977..................... . ......... 38 

14. Temperatures (OC) at one meter depth intervals 
on the lower Red and Cumberland Rivers ........... 39 

15. Dissol ved o xygen concentrations (ppm) at 
one meter depth intervals on the lower Red 
and Cumberland Rivers on 15, 16, 17 October 1977. 40 

16. Dissolved oxygen concentrations (ppm) at 
one meter depth intervals on the lower Red 
and Cumberland Rivers on 21 October 1977 ......... 41 

17. Dissolved oxygen concentrations (ppm) at 
one meter depth intervals on the lower Red 
and Cumberland Rivers on 12, 13, 15 May 1978..... 42 

18. Seasonal variation in fecal coliform counts 
(#/l00ml) at selected stations on the lower 
Red and Cumberland Rivers ........................ 52 

19. Carbon 14 productivity measured at the sur
face to 2.5 meters. Numbers represent dis
integrations per 10 minutes. Data from 
Carpenter (1980)................................. 68 

20. Benthic Macroinvertebrates of the lower Red 
River (Montgomery Co-:-.nty, Tennessee) . . . . . . . . . . . . . 9 0 

21. Raw data collected at station 1 during four 
sampling periods ............................... •• 92 

22. Raw data collected at station 2 during four 
sampling periods ....................... • • • • • • • • • • 9 3 

23. Raw data collected at station 3 during four 
sampling periods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 4 

24. Raw data collected at station 4 during four 
sampling periods ...... . ................ • • ...... • • 95 

25. Raw data collected at station 5 during four 
sanpling periods .............. • ... •.••••••••••••• 96 

26. Raw data collected at station 6 during four 
sampling peri ods ........... • • • • • • • • • • • • • • • • • • • • • • 9 7 



r OF TABLES CONTINUED 

:.,E 

7 . Raw data 
sampling 

3. Raw data 
samp ling 

L Raw data 
samp l ing 

) . Raw data 
sampling 

Raw data 
sampling 

PAGE 

collect ed at s tat i on 7 during f our 
periods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 8 

collected at station 8 during four 
period s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 

collected at station 9 dur i ng four 
period s ................................ 100 

collected at stat ion 10 dur i ng four 
periods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 

collected at station 11 during f our 
periods . . .......... . ............ . ...... 102 

iii 



LIST OF FIGURES CONT I NUE D 

FIGURE 

10. Sonar recording of the lower Red River between 
stations 8 and 9. Note the abundance of 
suspended material below the leak in the 

PAGE 

sewage treatment plant outfall pipe ............... 58 

11 . Bank to bank profiles at each station, made 
from left to right bank, with depth and 
width expressed in meters ......... . ............... 86 

V 



CHAPTER I 

I NTRODUCTION 

The quality of this nation's lakes and rivers is an 

i ssue that is important to many people for many different 

r easons. The fisherman, the boater and the aquatic biolo

gist all have an interest in waterways management. 

Di fferent segments of our society often have conflict

i ng i nterests in the use of water resources. Industrial 

wastes and domestic sewage are discharged into rivers and 

gr e atly reduce water quality. Poor agricultural practices 

r e sult in the siltation of streams and the early eutro

phicat i on of lakes. Each special group in society has its 

own idea of how to use water and how much the water qual i ty 

can be altered. The problem of water pollution is often 

e conomic in nature with many people feeling that the cost 

of cle an water is too h igh. My interest in freshwater 

biology and water pollution control prompted this water 

qua l i t y study . 

Ob j ect i ves of the St udy 

7he purpose of this research wa s to determine the 

e xisting water qua l i ty of the lower Red River o f Montgome r y 
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County , Tennessee (Figure 1) with r e spect to pollution, 

biological and phy s icochemical characteri s tics . These were 

evaluated using the f ollowing water quality cr i teria : 

(1 ) benthic macroinvertebrates 

(a) species composition 

(b) diversity 

(c) equitability 

(2) fecal coliform bacteria 

(3) temperature 

(4) dissolved oxygen 

( 5) pH 

(6) total hardness 

(7) nitrate nitrogen (NO 3) 

(8) orthophosphate (PO 4) 

(9) Secchi disc transparency 

Certain morphologic and hydrographic features such as depth 

and width of the stream were also measured. 

Description of the Study Area 

The Red River is a tributary of the Cumberland River 

entering at Cumberland River mile 125.3. The Red River 

has an approximate total length of 158 km and a drainage 

area o f 2343 km2 . The Red River falls an average of 0.398 

m pe~ km from mile 51.1 to mile 0.0. Its headwaters lie in 

Surrner County, Tennessee, and it flows generally northwest 

through Sumner and Robertson Counties of Tennessee, into 

southern Simpson and Logan Counties of Kentucky; it then 
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Figure 1. The lower Red and adjacent Rivers with location of 
research sampl i ng stations marked. 



reenters Tennessee and f lows in a gener a l ly southwesterly 

direction a c r oss Robertson and Montgome r y Counties to its 

confluence wi th the Cumberland River. The lower 15.0 

mi l e s o f the Red River are impounded by the Barkley Dam 

(at Cumberland River mile 30.6). Except for the urban

i ndustrial area at Clarksville, Tennessee (population 

62,721 from 1970 census) near the mouth of the river, the 

Red Ri ver Basin is utilized chiefly for agricultural pur

poses. According to Perlan (1970) the watershed within 

Montgomery County is about 25% timber, 65 % pasture, 5% 

cultivation and 5% urban. Primary uses of the river 

include fishing, float trips, municipal water supply, 

industrial water supply and waste disposal. 

Substrate types and their estimated extents are: 

4 

mud 25%, silt 25%, sand 20%, clay 25%, gravel 2%, rubble 

2% and boulders 1% (Perlan, 1970). Throughout my research 

current velocity was noted as slight to none except during 

periods of high water due to heavy rainfall. 

Other Studies on the Red River 

This research was conducted in conjunction with a 

Yb Mr. Larry Carp_enter, a graduate student at sur.;e, y 

Austin Peay state Univarsity. Mr. Carpenter sampled 

phytoplankton, periphyton and 
14c productivity at the same 

stations ar.d on the same dates as did I in this study. 

r know of no other significant water quality research on 

the lower Red River. 



CHAPTER II 

LITERATURE REVIEW 

The quality of many of this nation's rivers, streams 

and lakes has been studied extensively. An enormous amount 

o f general aquatic literature is readily available, such as 

the works by Hynes (1960, 1970), Hutchinson (1957), Macan 

(1974), Reid and Wood (1976), Ruttner (1963), Warren (1971) 

and Wetzel (1975). These sources deal with basic limnology 

including information on the chemical, physical and biolog

ical aspects of freshwater. 

Although I found no literature on previous studies of 

the lower Red River, research on specific streams is 

common. Most such research, as with the studies by Cairns 

and Dickson (1971), Daniel and Chadwick (1971), Goodnight 

and Witley (1961), Howmiller and Beeton (1971), Gaufin and 

Tarzwell (1956), and Mason, et al. (1970) have related 

to the use of benthic macroinvertebrates as indicators of 

water quality. In addition, .Mackenthun and Keup (1972) 

and warner (1973) published extensive literature reviews 

on freshwater macroinvertebrates. 

Re f erences by Bott (1973), Crabtree and Hinsdi ll 

5 
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(1974} , Davi s , et al. (1968) and the State of Tennessee 

(19 76 } were very valuable t o me in e valuating fe c al coliform 

d a ta . In addition t o t he ge neral literature nentione d above 

othe r wor ks by Chu (1943}, Feth (1966}, Happey (1970}, 

Harned (1 9 76 } , I gnjatovic (1 968}, Lee (1973}, Mc Carty 

(1 97 0} , Muller (1953}, Ty ler (1968}, Vi ets (1971) and Wan

i el ista et al. (1977) were helpful in e v aluating chemical 

and physical data. 

Admi ttedly, I have only scratched the surface here 

wi th this short review. However, as stated above volumes 

o f information are available on the subject of water qual

i t y . There f ore, only the most important references as 

used in this study were noted here. Each investigator 

shoul d use caution in extrapolating data from another indi

vidual's research to a specific study area . Aquat i c eco

s y stems, particularly rivers and streams, are subject to 

great var iations in biological, chemical and physical 

properties. 



CHAPTER III 

METHODS AND t·U\TERIALS 

This research was designed to detect changes in water 

quality over the lower 11 miles of the Red River. Each of 

the tests was sampled quarterly at 11 permanent stations 

(Table 1). During the winter, only stations 2, 6, 9, 10 

and 11 were sampled due to severe weather and boat failure. 

The sampling dates were as follows: 

(1) Summer - 15, 16, 17 July 1977 

(2) Fall - 21 October 1977 

(3) Winter - 3, 5 March 1978 

(4) Spring - 12, 13, 15 May 1978 

Using procedures described in Mackenthun (1969) and 

Kittrell (1969), stations were chosen both without and with

in the most populated areas of the county. One station was 

located on the Big West Fork in order to evaluate its effect 

on the Red River. The two stations on the Cumberland River 

were used to assess the influence of the Red River on the 

Cumberland's water quality. 

Benthic macroinvertebrates were collected using a 

6"x6" Ekman grab. Three samples were taken at each station 

7 
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Table 1. Station location, average river depth (meters) and 
average river width (meters). 

Station# River Mile* Av Depth Av Width 

1 RR 11. 0 3.4 38.7 

2 RR 9.0 3.9 41. 5 

3 RR 6.4 4.7 40.0 

4 RR 4.0 5.6 44.0 

5 RR 2.0 5.6 46.4 

6 RR 1.5 6.2 45.8 

7 WF 0.4 6.5 39.0 

8 RR 1.1 8.1 53.4 

9 RR 0.4 8.3 55.8 

10 CR 126.1 9.2 170.8 

11 CR 124.3 10.1 164.7 

*RR, Red River; WF, West Fork; CR, Cumberland River 
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based on the methods of Kittrell (1969) who noted that 

generally one point is adequate f or streams up to 20 feet 

wide, two points for stre a~s 20 to 150 feet wide, and three 

for streams over 150 f eet in width. The three samples were 

combined in a plastic bag for transporting back to the lab. 

In the laboratory, the samples were washed through a US 

Standard Sieve , number 30 mesh (0.595 mm openings) in 

accordance with suggestions of the US Environmental Protec

tion Agency (1973). The retained material was placed in 

jars of 70 percent ethanol. These samples were then poured 

into white enamel pans for sorting the invertebrates. All 

organisms were stored in vials containing 70 percent 

ethanol plus 5 percent glycerin for later enumeration and 

identification. Chironomids were permanently mounted with 

polyvinyl lactophenol (Beck, 1978 personal coITu~unication). 

All organisms were identified to the lowest possible 

taxonomic level considering my expertise in each group and 

the availability of keys. The following references and 

keys were used: Beck (1976), Brinkhurst and Jamieson 

(1971), Burks (1953), Johannsen (1934, 1935, 1936, 1937), 

Mason (1973), Merritt and Cummings (1978), Needham and 

Needham (1962), Parrish (1975), Pennak (1953), Usinger 

(1971) and ward and Whipple (1963). Benthos was not col-

lected at stations 10 and 11 because of substrate composi

tion (which was primarily limestone), and the effect of 

the strong current on the Ekman grab. 

Fecal coliform counts were made using the 
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membrane-filter fecal coliform method . This method is 

approved by the United States Public He al t h Service as a 

reliable te st for the detection of fecal coliforms (Crabtree 

and Hins dill, 1974). Surface samples were collected in 

sterile one 1 jars and placed on ice before returning to 

the lab. At the lab an undiluted sample and three dilutions 

(10-l, 10- 2 , 10- 3) were processed in order to obtain a 

plate count between 20 to 60 colonies. Each sample was 

filtered through a rnicropore filter (0.45J-4rn pore size) 

and placed in a sterile culture dish with Millipore Company 

fe cal coliform (MFC) broth. The dishes were then placed 

in plastic bags and put in a water bath at 44.5°c ~ 0.2° 

for 24 hours. At the end of the incubation period, the 

plates were removed and their colonies counted, using a 

binocular dissecting microscope. 

Nitrate nitrogen (NO 3), orthophosphate (PO 4) and total 

hardness were tested using surface water and a Hach kit 

model DR-EL-DC in accordance with the Hach Chemical Company 

Methods Manual (Hach, 1973). Each Hach kit test was con

ducted in duplicate, with an average value taken. In the 

event of two values that were grossly inconsistent, a third 

measurement was made. A Corning Corporation portable pH 

meter, model 610 was used for surface pH readings. Tempera-

t d taken in situ from surface to bottom ure an oxygen were 

at one meter intervals with a Yellow Springs Instrument 

model 54 meter. 

Was determined with a 20 cm Secchi Water transparency 
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di sc u s ing the technique s of Ty l e r (1968). Bottom morphol

ogy was mapped with a mode l 719-B Ray theon Company 

f athorneter and chart recorder , producing a bank-to-bank 

profile of each station (Appendix I). 

' . 



CHAPTER IV 

RESULTS 

Benthic Macroinvertebrates 

Benthic macroinvertebrates are defined as invertebrate 

organisms which live on or in the substrate of lakes, 

streams and rivers and are retained by a No. 30 u. s. 

Standard sieve (0.59 mm openings) and can be seen by the 

unaided eye (Keup, et al., 1966). Tables 2 through 10 list 

by station the taxa and number of individuals of benthic 

macroinvertebrates collected during the four sampling 

periods. During the winter sampling, benthic macroinver

tebrates were collected at station nine only. 

The benthic fauna at stations two through five were 

dominated by dipteran larvae (Table 11) with 90% (percentage 

of the total number of dipteran larvae) of these in the 

family Chironomidae. Station one benthos samples yielded 

nearly equal numbers of dipterans, oligochaetes and 

ephemeropterans. Ephemoroptera numphs, which were also 

abundant at stations two through four, are generally 

associated with clean water (Gaufin and Tarzwell, 1956). 

Oligochaetes at the upstream stations (stations one through 

12 



Table 2 . Benthic macroinvertebrates collected a~ station 
1 during four sampling periods. 

13 

TAXA Summer Fall Winter* Spring* 

Annelida 

Oligochaeta 

Branchiura sowerb:ti 18 0 0 0 

Unidentified sp. 3 0 0 0 

Arthropoda 

Crustacea 

Isopoda 

Asellus sp l 0 0 0 

Insecta 

Ephemeroptera 

He xa9:enia limbata 5 21 0 0 

Odonata 
l 0 0 0 

Coena9:rion sp. 

Dromogomphus sp. 0 1 0 0 

Coleoptera 

0 1 0 0 
Noteridae 

0 1 0 0 
Unidentified sp 

Diptera 

Chironomidae 

1 0 0 0 
Ablabes·,rmia ornata 
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Tab le 2. (cont inued) 

Ab l abes yrnia annulta 0 5 0 0 

Ch i ronomus sp. 1 0 0 0 

Coelotani'.I~us scapular is 0 3 0 0 

E;:,oicoclaalius sp. 1 0 0 0 

Paracladopelrna sp. 3 0 0 0 

Polypedilurn sp. 4 0 0 0 

Procladius ~- 3 0 0 0 

Lepidoptera 

Arctiidae 1 0 0 0 

Mollusca 1 0 0 0 

Pelecypoda 

Corbicula sp. 0 5 0 0 

TOTAL 42 37 0 0 

*Station not sampled during the winter or spring. 



Table 3 . Benthic rnacroinvertebrates collected at station 
2 during four sampling periods. 

15 

TAXA Summer Fall Winter* Spring 

Annelida 

oligochaeta 

Branchiura sowerb:ti 1 14 0 0 

Unidentified Sp. 3 6 0 13 

Hirundinea 0 0 0 l 

Arthropoda 

Insecta 

Epherneroptera 

Hexagenia lirnbata 3 2 0 2 

Heptagenia marginal is 0 1 0 0 

Coleoptera 

Dubiraphia sp. 2 5 0 2 

Diptera 

Chironomidae 

Ablabesyrnia ornata 0 0 0 1 

Chironornus ~- 0 0 0 12 

Cladotanytarsus ~- 0 0 0 l 

Coelotanypus scapular is 0 1 0 0 

DernicriEtochironornus 3:· 0 1 0 0 

Paracladopelrna sp. 3 0 0 0 
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Table 3 . (continued ) 

Paratendipes connectens 1 0 0 18 
Phaenopsectra obed i ens 0 0 0 84 
Po l y12edilum sp. 0 1 0 20 

Procladius ~- 2 0 0 7 
Psectrocladius ~- 0 0 0 2 

Tanytarsus sp. 0 1 0 3 

Tr i belos s p . 0 0 0 8 

Unidentified sp. 1 0 0 0 2 

Uni dentified sp. 2 0 0 0 2 

Ceratopogonidae 1 0 0 2 

Trichoptera 

Necto:12s;tche ~- 0 0 0 1 

Mollusca 

Pelecypoda 

Corbicula EE· 4 23 0 6 

TOTAL 20 55 0 187 

* Stat i on was not sampled during the winter. 



Table 4. Benthic macroinvertebrates collected at station 
3 during four sampling periods. 
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TAXA Summer Fall Winter* Spring 

Annelida 

Oligochaeta 

Branchiura sowerb:ti 5 8 0 6 

Unidentified sp. 3 0 0 0 

Arthropoda 

Crustacea 

Hydracarina 0 0 0 l 

Insecta 

Epherneroptera 

Hexagenia lirnbata 2 13 0 0 

Coleoptera 

Dubiraphia l 2 0 8 
sp. 

Diptera 

Chironornidae 

annulata 2 6 0 0 
Ablabesyrnia 

l 3 0 0 
Chironornus sp. 

scapular is 1 7 0 0 
Coelotanypus 

l 0 0 0 
CryEtochironornus sp. 

1 l 0 0 
Paracladopelrna 5 P· 

11 78 0 7 
Paratendipes connectens 
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Table 4 . (continued) 

Epo i cocladius sp. 0 2 0 0 

Phaenoesectra obediens 0 0 0 6 

Po lypedil um sp. 3 3 0 1 

P r ocladius 3?.· 3 0 0 2 

Tanytarsus ~- 0 1 0 0 

Ce ratopogonidae 0 0 0 1 

Tr ichop tera 

Nectop s y che ~E· 0 1 0 1 

Mollusca 

Pe lecypoda 

Corbicula sp. 2 11 0 2 

TOTAL 36 136 0 35 

*Stat i on was not sampled during the winter. 
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Table 5. Benthic macroinvertebrates collected at station 
4 during four sampling periods . 

TAXA Summer Fall Winter* Spring 

Annelida 

Oligochaeta 

Branchiura sowerbyi 0 10 0 2 

Unidentified sp. 0 4 0 3 

Arthropoda 

Insecta 

Ephemeroptera 

Hexa9:enia limbata 6 0 0 0 

Heptagenia marginal is 0 1 0 0 

Coleoptera 

Dubiraphia 0 5 0 4 
.§J?.. 

0 0 0 4 
Elrnidae 

Diptera 

Chironornidae 

annulata 1 4 0 0 
Ablabesyrnia 

1 1 0 2 
Chironornus ~. 

scapular is 0 10 0 l 
Coelotanypus 

2 0 0 0 
Epoicocladius ~-

1 l 0 0 

Paracladopelma ~-
0 3 0 8 

Paratendipes connectens 
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Table 5 . (cont i nued) 

Phaenops e c t ra obediens 0 0 0 l 

Polypedil urn sp. 2 0 0 0 

Procl adi us ~- 0 0 0 l 

Un i dentified sp. 0 l 0 0 

Ceratopogonidae 0 0 0 l 

Mol l us c a 

Pe l e cypoda 

Corb i c ula sp. 2 2 0 5 

TOTAL 15 42 0 32 

*Station was not sampled during the winter. 
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Table 6. Benthic rnacroinvertebrates collected at station 
5 during four sampling periods. 

TAXA Summer Fall Winter* Spring 

Annelida 

oligochaeta 

Branchiura sowerbyi 0 4 0 0 

Unidentified sp. 6 33 0 10 

Arthropoda 

Crustacea 

Isopoda 

Asellus ~- 1 0 0 1 

Insecta 

Ephemeroptera 

Hexagenia lirnbata 0 2 0 0 

Coleoptera 

1 1 0 4 
Dubiraphia sp. 

Megaloptera 
0 0 0 1 

Sialis ~-
Diptera 

Culicidae 
1 0 0 0 

Chaoborus ~-
Chironomidae 

0 9 0 0 

Abl abes~ia annulata 



22 

Table 6 . (continued) 

Chironomus sp. 0 1 0 15 

Coelotanypus scapularis 0 14 0 1 

Cryptochironomus ~- 1 0 0 2 

Cryptotendipes ~- 0 0 0 1 

Paracladopelrna ~- 7 0 0 1 

Paralauterborniella ~- 0 0 0 2 

Paratendipes connectens 4 4 0 10 

Polypedilurn ~- 10 1 0 4 

Procladius ~- 3 3 0 14 

Unidentified sp. 1 0 0 0 1 

Unidentified sp. 2 0 0 0 1 

Ceratopogonidae 0 1 0 3 

Mollusca 

Gastropoda 

Pleurocera ~- 0 1 0 0 

Pelecypoda 

Corbicula 1 1 0 2 
sp. 

Villosa 0 0 0 1 
.§.E. 

TOTAL 35 75 0 74 

*Station was not sampled during the winter. 
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Table 7 . Benthic macr oinvertebrates collected at station 
6 during four sampling periods. 

TAXA Summer Fall Winter* Spring 

Annelida 

oligochaeta 

Branchiura sowerbyi 0 2 0 0 

Unidentified sp. 4 19 0 11 

Arthropoda 

Insect a 

Coleoptera 

DubiraEhia ~- 0 2 0 3 

Macronychus sp. 0 0 0 1 

Diptera 

Chironomidae 

ornata 0 1 0 0 
Ablabesymia 

CoelotanyEus scapular is 0 3 0 0 

0 1 0 1 
cryEtochi ronomus sp. 

2 2 0 l 
Polypedi lum ~-

0 1 0 2 
Pr ocladius ~-

1 0 0 2 

Tribelos sp. 

0 0 0 1 

Uni denti f ied sp. 



Ta ble 7 . (continued) 

Mol l usca 

Pelecypoda 

Corbicula sp. 

TOTAL 

0 14 

7 45 

*Station was not sampled during the winter. 

24 

0 2 

0 24 
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Table 8. Benthic macroinvertebrates collected at stat i on 
7 during four sampling periods. 

TAXA Summer Fall Winter* Spring 

Annelida 

oligochaeta 

Branchiura sowerbyi 0 2 0 0 

Unidentified sp. 0 72 0 126 

Arthropoda 

Insecta 

Ephemeroptera 

Caenis ~- 0 0 0 2 

Diptera 

Culicidae 

0 0 0 l 
Chaoborus ~-

Chironomidae 

0 0 0 2 
Ablabesymia ornata 

2 3 0 26 
Chironomus sp. 

scaEularis 0 l 0 l 
Coelotany12us 

3 l 0 0 

crxEtochironomus §£· 

0 l 0 3 

Paracladopelma 3:· 
0 0 0 2 

Paralauterborniella ~-
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Table 8 · (continued) 

Polypedilum ~- 0 0 0 1 

Procladius sp. 9 7 0 10 

ceratopogonidae 0 0 0 2 

TOTAL 31 87 0 176 

*Station was not sampled during the winter. 

• 



Table 9. Benthi c rnacroinvertebrates collected at station 
8 during four sampling periods. 
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TAXA Summer Fall Winter* Spring 

Annelida 

oligochaeta 

Branchiura sowerbyi 1 2 0 0 

Unidentified sp. 2 59 0 88 

Arthropoda 

Crustacea 

Hydracarina 0 0 0 l 

Insecta 

Ephemeroptera 

Hexagenia limbata 0 0 0 1 

Coleoptera 

0 0 0 2 
Dubiraphia 3?.. 

Diptera 

Chironomidae 

1 0 0 0 
Ablabesymia annulata 

1 2 0 0 

Chironomus ~-
0 3 0 l 

Coelotann~us scapular is 

0 2 0 0 

cryEtochironomus ~-
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Table 9 . (continued) 

-
Paracladopelrna ~- 0 0 0 1 

Polypedilurn ~- 2 0 0 2 

Procladius sp. 6 2 0 12 

Mollusca 

Pelecypoda 

Corbicula sp. 0 0 0 11 

TOTAL 13 70 0 119 

*Station was not sampled during the winter. 



Table 10. Benthic macroinvertebrates collected at station 
9 during four sampling periods. 
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TAXA Summer Fall Winter* Spring 

Annelida 

oligochaeta 

Branchiura sowerb;ti 0 1 0 0 

Unidentified sp. 20 63 30 45 

Arthropoda 

rnsecta 

Ephemeroptera 

Hexagenia limbata 0 0 3 0 

Diptera 

Culicidae 

0 0 0 3 
Chaoborus ~-

Chironomidae 

0 0 0 3 
Chironomus ~-

0 0 0 1 
cryptochironomus sp. 

0 0 0 1 
Epoicocladius sp. 

0 0 0 1 

GllEtotendipes ~-
0 0 0 3 

PhaenoEsectra obediens 
1 

0 0 0 

Polypedilum ~- 4 
0 0 0 

Procladius ~-



Table 10 . (cont inue d) 

Psectrocladi us 3:. 

Unident i f i ed Dipteran 

Ceratopogonidae 

TOTAL 

0 

0 

0 

20 

0 

0 

0 

64 

0 

0 

3 

36 

3 

1 

0 

66 

30 
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Table 11. ~er~e~tage of maj or taxonomic groups of all i ndividuals collected for all sampling periods. 

STATION # 1 2 3 4 5 6 7 8 9 

TAXA* 

Oligochaet a 26.5 16.2 10.6 21. 3 28.8 47.4 73.8 75.2 85.5 
rsopoda 1.2 0.0 o.o 0. 0 1.1 0.0 0.0 0.0 0.0 
Epherneroptera 32.9 3.4 7.2 7. 9 1.1 0.0 0.7 0.5 1.6 

Odonata 2.5 0.0 o.o 0.0 0 . 0 0. 0 0.0 0.0 0.0 

Coleoptera 2.5 3. 8 5.3 14. 6 3.3 7.9 0.0 1.0 0.0 

Diptera 26.6 73.6 67.6 46.1 62.0 23.7 25.5 17.3 12.9 

Lepidoptera 1. 2 0.0 0.0 0 . . o 0.0 0.0 0.0 0.0 0.0 

Trichoptera 0.0 0.4 0.9 0.0 0.0 0.0 0.0 0.0 0.0 

Megaloptera 0.0 0.0 0.0 0. 0 0.5 0.0 0.0 0.0 0.0 

Hydracarina 0.0 0.0 0.5 0. 0 0.0 0.0 0.0 0.5 0.0 

Mollusca 6.3 14.0 7.2 10.1 3.3 21.1 0.0 5.4 0.0 

*All groups are not at the same taxonomic level. 
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five) ~id not constitute more than 28 . 8% (percentage of 

the tctal number of individuals collected) of the total pop-

ulation . During the entire study, only one genus of 

Trichoptera larvae was collected; three specimens of 

Ne ctopsyche sp. were collected, one at station two and two 

at station three. As ' th wi mayflies, caddisflies are 

usually associated with clean water (Gaufin and Tarzwell, 

195 6) · Corbicula sp., the Asiatic clam, were present at 

stations one through six. Although presenting severe 

competition for native pelecypods, Corbicula sp. is gen

erally intolerant of organic waste. This genus was not 

collected at stations seven and nine. 

Between stations five and six, the composition of the 

benthos changed dramatically. Oligochaetes made up 47.4 % 

of the total population at station six and were· p=opor

tionately and absolutely progressively more abundant at 

each subsequent downstream station (Table 11). At station 

nine, these worms made up 85.5% of all organisms collected. 

Benthic macroinvertebrate diversity (a) of the lower 

Red River was calculated using the Shannon-Weaver function 

and the machine formula of Lloyd et al. (1968) • This 

formul a is found in the u. s. Environmental Protection 

Agency's (EPA) Methods Manual (U. S Environmental Agency, 

1973) and is: 

where C = 

C 
(NloglON - !ni loglO ni) -d = 

N 2 
t base 10 to base 3.321928 (conver s 

(bits); 

n . = the number of individuals in 
N = total number of taxa, i 



the i th spe c ies. Wilhm and Do r ri' s (1968) -faun~ d values of 
o - 1 to indicate heavy 11 

po ution , values from 1 - 3 mod-

erate pol lution and great er t han 3, clean wat er. 

Equi t ability {e) as used i·n thi· s d stu y is a measure 

of the amoun t o f organic enrichment. Methods of the u. S. 

Envi r onmental Protection Agency (1973) were used for cal

culating e. The formula used is: 

e = ~• 
s 

wheres= the number of taxa ands', a number taken f rom a 

table in the EPA Methods Manual (U.S. Environmental 

Protection Agency, 1973) and based on the calculated diver

sity (d). Equitability values have been found to be sen

sitive to slight levels of degradation (U. s. Environmental 

Protection Agency, 1973). Values of e in the range of 

0.0 - 0.5 indicate the presence of oxygen-demanding wastes 

and values of 0.5 - 1.0 the absence of such wastes. 

Diversity indices and equitability values are plotted 

on Figures 2 and 3 respectively. Stations one, three, four, 

and five all had d values in the clean water range (3.0). 

Equi t ability for these same stations was greater than 0.5 

with a high of 1.06 at station four. As noted by the 

1 Protectl.·on Agency (1973) highs of this U.S. Envi ronmenta 

nature o f ten result from a sample with only a few specimens 

and several taxa. station two samples exhibited slight 

. to both a and e values. pollution according 

Sl.·x and continuing downstream Beginning with station 

e Values dropped considerably. t hrough nine, d and 
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clean water 

3.0 

d 2. mild pollution 

1.5 

1.0 

o.s heavy pollution 

0 
1· 2 3 4 5 6 7 8 9 

station no. 
-

Figure 2. Benthic rnacroinvertebrate diversity indices (d) of 
the lower Red River. 
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Figure 3. Benthic macroinvertebrate equitability (e) of 
the lower Red River. 
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Dive rsity and equi tability both indicated poll ut ion a t sta

tion seven and approached heavy 
pollut i on at station n i ne . 

Below t he con f luence of the Bi' g 
West Fork (station eight) 

a and e va lues dropped to 1.57 and 0.31 re~pectively. 

Temperature 

Temperature data for the summer, fall and spring 

sampling periods are listed in Tables 12, 13 and 14 respec

tively. No temperature or dissolved oxygen measurements 

were taken during the winter sampling. A consistent 

pattern in both vertical and horizontal temperature pro

files was observed. During the summer and fall samplings, 

early morning temperatures (0700 - 0930 hrs.) were approx

imately the same at all depths. As air temperature 

increased, surface waters warmed faster than did deeper 

strata. This was not observed during the spring sarnpli~gr 

probably due to the complete mixing by the swift current. 

The maximum temperature variation from surface to one 

meter was 2.4°c, and the maximum surface to bottom change 

was s.o 0 c. During all three seasons the mean surface 

water temperature was within 2.8° C of the mean air 

mean air and surface water temperatures temperature. Summer 

o · 1 For the fall these were 30.6 and 28.9 C respective Y· 

o ) d 13.6° C (water). measurements were 16.4 C (air an 

Dissolved Oxygen 

Tables 15 through 17 list dissolved oxygen (DO) con-

cent rations by depth for each season sampled. oxygen 



Table 1 2 . 0 T e mper atures ( C) at one me ter d e p t h i nterv a ls on the lower Red and 
Cumberland Rivers on 15, 16, 17 July 1977. 

Station No. 1 2 3 4 5 6 7 8 9 10 11 

Depth {m) 
surface 26.8 29.2 30.0 27 . 5 28.0 29 . 9 30.0 27.5 29.0 29.9 30.0 

lm 26.8 27.1 27.6 27.1 26.7 28.6 28.0 27.2 28.5 28.8 28 . 9 

2m 26.7 27.0 27.0 27.1 26.5 27.9 26.8 27 . 1 28.2 28.6 2 8. 7 

3m 26.7 27.0 27.0 27.1 26.5 26.3 26.0 27.0 28.0 28. 6 2 8 . 6 

4m 27.0 27.1 26.5 26 . l 25.2 26.8 27.1 28.6 28. 5 

Sm 27.0 26.5 26.9 25.0 26.3 27.0 28. 6 2 8. 5 

6m 25 . 0 26.0 26.9 28.6 28. 5 

7m 26.0 26 . 5 2 8 . 6 28. 5 

8m 28 . 5 28 .5 

9m 2 8. 5 2 8 .2 

10m 2 8 .2 

w 
-..J 
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0 
Table 13. Temperatures ( C) at one meter depth intervals on the lower Red and 

Cumberland Rivers on 21 October 1977. 

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

Depth (m) 
surface 10.5 11. 5 11. 5 12.0 14.0 15.0 14.7 15.0 16.1 14.0 15.0 

lm 10.5 11. 0 11. 0 10.9 12.0 13.5 13.5 14.0 15.0 15.0 15.0 

2m 10.5 11.0 11. 0 10.9 11. 0 12.0 12.2 13.2 13.9 15.0 15.0 

3m 10.5 11.0 11. 0 10.9 11.0 11. 5 11.0 11. 7 12.0 15.0 15.0 

4m 11.0 10.8 11. 0 11. 5 11.0 11. 2 11. 8 15.0 15.0 

Sm 10.8 11. 0 11.5 11.0 11. 2 11.5 15.0 15.0 

6m 11.0 11. 2 11.5 -* 15.0 

7m 11. 2 11.5 15.0 

8m 15.0 

9m 

· 10m 

reading taken at 6 I 7 and 8 meters due to swift current. 
*No w 

00 



Tabl e 14. 
0 

Temp erature s ( C) at one meter d e p t h i nter vals on t h e l owe r Red a nd 
Cumbe rland Rive rs on 12, 13, 15 Ma y 1978. 

Station No. 1 2 3 4 5 6 7 8 9 1 0 11 

Depth (m) 
sutface 

lm 17.1 17.1 17.1 18.0 15.0 13.0 14.0 15.0 15.8 1 5 . 6 
- . 

17.1 17.1 17.1 18.0 15.0 13.0 14.0 15.0 -* -* 
2m 

3m 17.1 17 . 1 17.1 17.9 15.0 13.0 14.0 15.0 

4m 17.1 17.1 17.1 17.9 15.0 13.0 14.0 15.0 

Sm 17.1 17 . 1 17.1 17.9 15.0 13.0 14.0 15.0 

6m 17.1 17.1 17.9 15.0 13.0 14.0 15.0 

7m 17.1 17.9 15.0 13.0 14.0 15.0 

8m 15.0 13.0 14.0 15.0 

9m 14.0 15.0 

10m 
15.0 

*No reading taken below the surface due to boat failure. 
w 

'° 
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Table lS. Dissolved o x ygen concentrations (ppm) at o n e meter depth inte rva ls 
on the lower Red and Cumbe rland Rive rs on 1 5 , 1 6 , 17 July 1977. 

Station No. 1 2 3 4 5 6 7 8 9 10 11 

Depth (m) 
surface 6.6 7.2 8.1 5.6 6.3 7.2 8.1 5.9 6.7 6.6 8 .1 

lm 6. 3 6.2 6.9 5.3 5.5 6. 8 7.7 5.8 5.9 6.5 7.5 

2m 6.3 5.4 6.0 5.2 5.4 5.3 6.1 5.4 5.9 6.2 6.2 

3m 6.3 5.7 5.6 5.5 5.3 5.1 5.3 5.4 5.6 6.2 5. 7 

4m 5.3 5.4 5.2 5.3 4.6 5.0 5. 3 6.3 5.7 

Sm 5.2 5.2 5.2 4.4 4.5 4.6 6.3 5.5 

6m 4.0 4.2 4.4 6.2 5.4 

7m 3.9 4 . 1 6.2 5.3 

8m 6.2 5.3 

9m 6.2 5.2 

10m 5.0 
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Ta ble 16. Dissolved oxygen concentrations (ppm) a t one meter d e p t h i n tervals 
on the lower Red and Cumberland River s on 21 October 1977. 

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

Depth (m) 
surface 10.8 10.0 9.7 8.1 8.4 8.0 5.6 6.8 6.5 8.0 6.4 

lm 5 .1 5.4 4.6 5.2 3.8 3.8 4.2 3.2 3.2 2.3 2.2 

2m 3.6 4.2 4.4 4.0 4.1 3.6 3.2 3.1 3.0 2.1 2.2 

3m 3.6 4.4 4.4 4.0 3.9 3.6 3.4 3.6 3.2 2.0 2.1 

4m 3.8 4.2 4.0 3.6 4.0 3.7 3.4 2.0 2.0 

Sm 4.0 4.0 3.6 3.4 3.7 3.4 2.0 2.0 

6m 3.4 3.6 3.4 -* 2.0 

7m 3.6 3.4 2.0 

8m 2.0 

9m 

10m 

*No reading taken at 6, 7 and 8 meters due to swift current. 

~ ..... 



Tabl e 17. Dissolve d oxygen conce ntr a t i ons (ppm) at o ne meter depth in t ervals 
on t h e l ower Red and Cumber l a n d Riv er s on 1 2 , 13 , 1 5 Ma y 19 7 8. 

S t a tio n No. 1 2 3 4 5 6 7 8 9 10 11 

Dep th (m) 
surface 6.9 8.0 8.2 6 . 1 7.8 9.1 10.2 10.5 9.6 7. 2 

l m 3.7 4.6 6.4 4.6 5.2 6.5 7.2 6.6 -* -* 

2m 2.8 3.6 7.0 3.2 3.4 4. 6 4.9 5 . 1 

3m 2 . 5 4.0 4.2 2.8 3.2 3.8 3 . 8 4.2 

4m 2.4 3 . 0 3.5 2.6 2.7 3.5 3.3 3.9 

Sm 3.4 3.2 2.5 2.6 3.3 3.2 3.5 

6m 5 . 1 2.4 2.4 3.1 3.1 3.4 

7m 2 . 4 3.0 3 . 1 3.3 

8m 3.1 3.3 

9m 3.3 

10m 

*No reading take n below the surface due to boat failure. 
~ 

"' 



saturation levels for th e sur face , at one meter and at the 

bottom are plotted in Figur e 4 _ At a ll s tations the h i gh-

est DO readings we r e taken at t he surfa ce and the l owes t 

generally at t he bottom. 

43 

In the s ummer sampling (Table 15), a gradual decline 

in DO occurre d with increasing depth, while in the fall 

and spri ng the decrease was much more pronounced (Tab le 16 

and 17). The highest concentrations and percent satura

tion occurred during peak sunlight on unshaded reaches of 

river. Supersaturation was observed at the surface on 

f our occasions during this study (Figure 4). At depths of 

one meter or greater, saturation levels dropped consider

abl y . During the spring sampling the bottom water was 

approxi m~tely 24 % saturated with oxygen at several sta

tions, compared to about 80% saturation at the surface at 

those stations. 

Nitrate Nitrogen 

(No) Concentrations for the lower Nitrate nitrogen • 3 

F . 5 During the entire sam-Red River are plotted in igure • 

t t . ns were never below 2.0 ppm. pling peri od NO3 concen ra io 

Levels were usually highest at stations one through four 

on t he Red Ri ver and stations 10 and 11 on the Cumberland 

ed during spring sam
River. The highest readings occurr 

f a low of 3.8 ppm to 
pling when concentrations ranged rom 

quantitation by the Hach kit. The 
a reading t oo high for 
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Figure 4. Percent oxygen saturation at the surface , at one 
meter and at the bottom of the lower Red and 
Cumberland Rivers during the summer (15, 16, 17 
July 1977), fall (21 October 1977) and spring 
(12 , 13, 15 May 1978). 
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Figure 5. Nitrate nitrogen (N0 3) concentrations (ppm) at 
selected stations on the lower Red and Cumberland 
Rivers during four sampling per i ods. 
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high spri ng values were probably accounted f or by the spr ing 

high water and rain . R ' d 
ei a nd Wood (1 9 76 ) indi cate that 

during flood time s , ni t r a te ni trogen content may be e xpected 

to increas e s igni ficantly , and Hynes (1970) states that 

rain contr i butes f airly large amounts of nitrate. 

orthophosphate 

Or t hophosphate concentrations in the Red River (Figure 

6) ranged from a low of 0.04 ppm in the winter to a high of 

0.95 ppm in the fall. Throughout the winter and spring, 

po 4 levels remained fairly constant over the entire study 

ar ea. The highest PO readings were encountered during 4 

the s ummer and fall sampling at station five through nine. 

Other than these peaks, Po 4 concentrations were generally 

around 0.15 ppm. 

Secchi Disc 

water transparency readings are plotted in Figure 7. 

The general situation during the summer and fall samplings 

was lower readings at the upstream stations, usually 

between 30 and 55 cm. At the downstream stations, during 

t he reading increased to the 60 to t hese same samplings, 

84 cm range. f . t day of spring sampling, During the irs 

comparable to those of sumupstream station readings were 

mer and f all. Second day, heavy rains and However, on the 

the downstream station readt he s ub s equent run-off lowered 

ings to 1 0 c m. 
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Figure 6 . Orthophosphate (P04) concentrations (ppm) at selected 
stations on the lower Red and Cumberland Rivers 
during four sampling periods . 
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Figure 7. Secchi disc transparency (cm) at selected stations 
on the lower Red and Cumberland Rivers during four 
sampling periods. 



Total Hardne ss 

Total hardness of the 1 ower Red Rive r (Figure 8) fol -

lowed a cons istent pattern throughout thi's . . investigation. 

At upstream stations (stations one through five) readings 

were greater than 160 ppm at all times. Beginning at sta-

tion s ix , readings dropped to 70 ppm. A high reading of 

220 ppm was observed at stations two through four during 

fa ll samp lings. 
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Hydrogen ion concentration (pH) of the lower Red River 

is plotted in Figure 9. Within each seasonal sampling 

period very little variation in pH occurred throughout the 

reach of river tested. During the summer sampling pH ranged 

from 7.1 to 8.3 while the range was generally between 6 

and 7 during the fall, winter and spring samplings. 

Fecal Coliform Bacteria 

Table 18 lists the fecal coliform densities (number 

colonies/100 ml) as sampled in the Red and Cumberland 

Rivers during four sampling periods. During the summer and 

densl.·ti'es at stations 1 through 4 were conf all samplings, 

f the remaining Red River stasistently lower than those o 

tions. 1 Counts of 75 colonies/100 ml on the Red River, ow 

d during the summer and and 45 colonies/100 ml were observe 

. 5 significantly less than the 
fall respectively. This wa 

. f 3 050 colonies/100 ml and 
Red Rive r high readings O ' 
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Figure 8. Total hardness {ppm) at selected stations on the 
lower Red and Cumberland Rivers during four 
sampling periods. 
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Fi gur e 9. Hydrogen- i on concentrations (pH) at selected 
stations on the lower Red and Cumberland Rivers 
during four sampling periods. 



Table 1 8. 

season 

station 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Seasonal variation in fecal coliform counts 
(#/ 100 ml) at selected stations on the lower 
Red and Cumberland Rivers . 

Summer Fall Winter Spring 

290 45 -** -*** 

195 90 50 195 

75 65 145 

225 55 255 

500 1, 0.5 0 95 

3,050 37,600 135 120 

1,450 104,000 350 

252,500 
350 

-* 

2,600 50 550 
2,900 

400 250 600 
65 

900 95 390 
550 

*sample jar broken . 
**no access to station~ d during the spring 

***station was not samp e 

52 
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2s2,SOO colon ie s / 100 ml at the downstream stations dur ing 

the s ummer and f all samplings. On the Cumberland River , 

stati on 11 count s were higher than those of station 10 dur

ing summer and f al l tests. This indicates that the Red 

giver i s a source of fecal pollution in the Cumberland 

River. Fecal coliform counts taken during the winter and 

spr i ng were more consistent throughout the entire study 

area. This was most likely a result of the high water and 

its diluting and mixing effects. 



CHAPTER V 

DISCUSSION 

Benthic Macroinvertebrates 

In the past , water quality studies often consisted of 

chemical and physical analyses, and completely ignored the 

fact that water pollution is basically a biological problem. 

The organisms which live in the aquatic habitat are the 

ones directly affected by the introduction of pollutants. 

If an aquatic organism is to perpetuate itself, water qual

ity must permit survival 24 hours a day for its entire life 

(Cairns and Dickson, 1971). Generally, benthic inverte

brates live in a particular habitat because the conditions 

there have remained somewhat constant in the past. Chem

ical and physical tests may not detect occasional pollution 

if the samplings are not conducted soon after the time 

of discharge. Egloff and Brakel (1973) state that the ben

thic community reflects the environmental conditions 

· d t least equal to the time required during a time perio a 

for the youngest organisms to have settled and grown. 

Vary widely in their tolerance to Macroinvertebrates 

var ious levels of water quality. 

54 

Each of these animals is 
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adapted i n some way to 

occupy its ni che i n the aquati c 
community . A chemi c al 

or phys i cal f actor which l i mi ts one 
spec ie s may allow anothe r 

to thrive. Goodnight (1973) 

not ed that low di ssolved oxygen concentrations may eliminate 

gill - breath i ng insects l ' k 1 e may£lies, stoneflies and caddis-
flie s but spe c i es such c 1 

as u ex pipiens (sewage mosquito) 

and Er i stalis bastard (rat-tailed maggot) may occur in 

such s i tuations in large numbers. h T ese particular species 

can tole rate these low dissolved oxygen conditions 

because of special adaptations that permit breathing of the 

atomospheric oxygen. 

A close look at the entire benthic community will 

often give a good indication of the existing water quality 

of an area even though the presence or absence of one 

particular species may mean little to a water quality 

study. Since pollution tolerant species may be found in 

both clean and degraded habitats, a simple- record of their 

presence or absence is of no significance (U.S. 

Environmental Protection Agency, 1973). 

The concept of diversity as defined by Pielou (1975) 

is based on the richness and variety of natural ecological 

communities. Each such community has a characteristic 

flora and fauna which have resulted from interactions with 

each ot her and with the abiotic factors of the environment. 

l
· nai· ces are mathematical expressions which Divers i ty 

and permit summarization of describe community structure 

. about numbers and kinds of 
l arge amount s of information 



organisms (Wilhm and Dorri s, 1968} . 
Nonpollute d environ-

ment s are t ypically characteri· zed by 
biotic comrnunit~es 

wi th many species and fe · d' . 
win ividuals, while polluted 

situations normally have few species with many individuals 

(Cairn s and Di ckson, 1971). H owever, in a few natural 

unpolluted communities the latter may be observed as was 

reported by Hendricks et al. (1974). 

Benthic macroinvertebrate diversity is frequently 

used i n water quality surveys to evaluate water quality 
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of streams and rivers. The index of community structure is 

often more valuable than a list of species divided into 

tolerant and intolerant forms. Gaufin and Tarzwell (1956), 

in their study of Lytle Creek, noted that the diversity 

of benthic macroinvertebrates provided a more reliable indi

cation of the degree of organic pollution than did the 

mere presence or absence of indicator species. Other 

studies by Egloff and Brakel (1973), Hendricks et al (1974), 

Stoneburner et al. (1976) and Wilhm and Dorris (1966) have 

used diversity in evaluating the impact of pollutants on 

benthic macroinvertebrates. 

Based on the results noted in .the previous chapter it 

is clear that the Red River exhibits two distinct zones of 

water quality. From stations one through five, the river 

was fo und to be clean while stations six through nine 

had polluted waters. 
This sharp demarcation in water 

in benthos community composition 
quality was very evident 

(Figures 3) and equitability 
(T ables 2-11), diversity 
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(Figure 4). The clean t 

wa er stations were dominated 
by var ious clean wate r • 

speci e s , with a few pollution tol-
erant s pec ie s also present. 

However, below station fi ve , 
pollution tolerant species, . 

primarily oligochaetes, domi-
nated . 

I believe that effluents f rom sewage treatment plants 

we re re s pons i ble for the polluted conditions at the lower 

s t a tions. Between stations eight and nine (Figure 1) was 

t he effluent discharge of the main sewage treatment plant 

fe r Clarksville. Original construction plans called for 

t he s ewa ge effluent not to be discharged into the Red River 

but to be released instead into the Cumberland River v ia 

a pipe down the Red River. The pipe entered between 

s t a t i ons eight and nine, then turned downstream for 

approximately 0.5 miles where it entered the c~~berland 

Ri ve r . Somewhere near its entrance into the Red River, 

t here was a rupture in the pipe causing a discharge instead 

be tween stations eight and nine. Evidence of this leak 

was obse rved by Larry Carpenter and me during July, 1977 . 

I n August 1977, while mapping bottom morphology with Hildon 

M. Davis, large amounts of suspended mater i al were detected 

(F . 10) I q_uestion the e ff iciency by sonar equipment igure • 

dl·scharging such quantities of suspended of an operation 

so lids. 

Po l lutant s at station seven on the Big West Fork 

three sewage treatment plants on the 
we r e probably f rom 

. f the Big west Fork entering 
Little West Fork , a tributary 0 



Figure 10. Sonar recording of the lower Red River between stations 8 and 9. 
Note the abundance of suspended material below the leak in the 
sewage treatment plant outfall pipe. 

u, 
ro 
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at mile S . S . These pl 

ants we re lo cated at Fort Campbell , 
mile 12 . 5; Edgoten ·1 , mi e 7 5 · and N . · , ew Providence , mile 2.9. 
A report by the u s 50 . 1 • • i Conse r vation Service (1978 ) 
noted that by- passe s of r 

aw sewage to both surface and 
ground water occur red in nurn 

erous locations. 

The dive rs i t y and equitability values from station 

seven suggest that the s · 
ig West Fork contributed consid-

erable amounts of organic matter to the Red River. 

Possibly due to the ruptured sewage pipe previously 

me ntioned, diversity and equitability at station nine 

dropped f urther to 1.14 and 0.21 respecti vely. 

The combined discharge of inefficiently treated waste 

f rom all four plants could present a serious health problem 

for the residents of Montgomery County. The reduction in 

macroinvertebrate species may limit fish production. In 

general, the recreation potential of the Red River and 

West Fork, both public resources, is greatly reduced. In 

regard to the very mild pollution at station two, I suspect 

that septic tank seepage from a new subdivision less than 

300 meters from the river was the source. Possibly such 

seepage entered the ground water and returned to the 

r iver. Palournpis and Starrett (1960) in their study of 

three I llinois River flood plain lakes noted septic tank 

seepage as a minor source of pollution. Carpenter (1981), 

On the Red River, observed at station two 
i n hi s research 

algae Anabaena and Oscillaan abundance o f the blue-green 

. h o~ten associated with polluted 
toria , both o f wh ic are ~ 
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water (Palmer , 1962). 

Temperature 

Metaboli c rates of living 
organisms are affected sig-

nificantly by the temperatures · in which the organisms 

live . In natural lakes, streams and rivers the temperature 

is primarily a function of solc1~r d' ra iation (Wetzel, 1975). 

Hynes (197 0) noted that the temperatures of large rivers 

are usually more or less equal to the mean monthly air 

temperature. I believe the Red River follows this pattern 

of maintaining a temperature close to the mean monthly air 

temperature of its drainage area. Rapid changes in 

temperature, although not observed in this study, do occur 

in streams and rivers (Hynes, 1970). The most notable 

short term change in water temperature occurred on the 

second day of spring sampling, when heavy rains caused 

a reduction of 3.0° C. Considering the absence of any 

thermal pollutants, it seems logical that temperature in 

the Red River is regulated primarily by the amount of 

solar radiation striking the water surfaces. 

Dissolved Oxygen 

l.·n natural waters, oxygen is one Of all the chemicals 

l ife (Re id and wood, 19 76 ). The 
of the most s ignificant to 

O
xygen (DO) and the percent satu

concentration of dissolved 

Oxygen often are good indications 
ration of the water with 

The Federal water Pollution Control 
of stream pollution. 

. d d t hat for a dive rsified 
Administration (1968) conclu e -
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warm-water bio t a incl d' 

u ing fis h , the DO concent ration should 
be above 5 .0 ppm 

' assuming mini ma as soc i ated 'th 1 wi norma 
seasona l a nd da ily • 

variations ar e above thi s l eve l. We lch 
(1952) stated that d' 

isso l ved oxy gen at levels of 3.0 ppm 
or l owe r shou l d be re garded as 

hazardous to lethal under 
avera ge stre am conditions ; and 

that 5.0 ppm or more of DO 

shoul d be p r e s ent in waters, if conditions are to be favor

able f o r f r e shwater fishes. 

The two primary sources f D . o O in the Red River appear 

t o be photosynthesis and physical aeration. As stated 

earli e r, the highest DO reading~ occurred during peak 

sun li ght in the near-surface waters of the river. Based on 

the s i ze o f the euphotic zone, as indicated by Secchi disc 

r e adings (Figure 7), I do not think much photosynthetic 

ac t ivity occurred below the one meter depth. Happey (1970), 

in a study of Abbot's Pool, Somerset , found that algae 

produce hi gh concentrations of dissolved oxygen in the 

surface layers. Below this zone, DO is removed as sub

s t ances f r om the trophogenic zone settle and are oxidized 

by bacte rial and enzymatic breakdown of organic matter 

(Ruttne r, 1963). With the exception of the spring sampling, 

when fl ows were high, physical aeration probably contributed 

l e ss DO th an photosynthesis. This is suspected because 

of the slow currents normally found in the Red River and the 

fro m the atmosphere is dependent fact that oxygen deri ved 

upon turbu l e nt transport (Reid and Wood, 1976 ) · From a 

. t the DO concentration in t he Red 
water qua lity s tandpoin, 
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River wou l d not provide 
a ve r y healthy envi r onment for a 

diverse assemblage o f or . 
ganisms that require well-oxygen-

ated water . Such organisms • 
include both game fish and game 

fi sh f ood organisms. 

NITRATE NITROGEN 

Nit rogen compounds in water may significantly affect 

aquat i c l i fe and therefore · are important determinants of 

water quality (Turk et al., 1974). Nitrogen f unctions in 

the syn thes i s and maintenance of proteins, carbohydrates 

and fats. Ni trate (N0 3), an inorganic compound, is impor

tant i n determining the productivity of an aquatic commu

nity and can be a limiting factor in algal populations. 

Al ~ochthonous sources of N0 3 include agricultural runoff, 

urban runoff, sewage effluents and rain water. Nitrate 

ni t rogen usually occurs in relatively small concentrati ons 

in unpolluted freshwaters, the world average being 0.30 ppm 

(Reid and Wood, 1976). Feth (1966) found N0 3 concentrations 

in rivers and streams throughout the United States to 

have an average of about 0.8 ppm for rivers receiving a low 

and Concentrations down to 0.5 ppm for ar e al discharge 

t hose wi th a relatively high discharge. The U. S. Geological 

survey (lg 62 ) obtained a mean of 0.7 ppm for N03 during their 

survey of streams and rivers. 

· the concentration of nitrate 
In unpo lluted si tuations 

of metabolic activity in the 
i s dete r mined by the amount 

d decomposition of organic 
water , i. e., producti on an 
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matter . .Htra t e s can b 

e incorporated into the organic 
matte r o f both plants and 

animals or may be d re uced to 
mit r ite (NO 2) or nitrogen 

ga s (N
2
). If the concentration 

i s above a certain level 

other plants may occur. 

, excessive growth of algae and 

Muller (l953) found that these 
growths could be avoided if the 

concentration of No
3 

was 
kept below 0.3 ppm. 

Nitrate levels of 0.9 to 3.5 ppm were 

found by Chu (1943) t b 0 e optimum for growth of cultured 
plants. 

Based on the data mentioned above for average No
3 

con

centrations (ca 0.5 ppm), the Red River is well above 

average, even during periods of low flow. Again, noting 

the major sources of NO 3 as urban runoff, rural runoff and 

sewage treat~ent plant effluents, a possible source or 

sources of these high concentrations might be determined. 

From a consideration of the location of the Clarksville 

sewage treatment plant (Figure 1) and the -nitrate data 

(F igure 5), one can eliminate the sewage plant as a major 

source of such high levels. The general trend of slightly 

higher readings at the upstream stations suggests rural 

runoff as the major sources of No 3 . Rural nonpoint sources 

i nclude bot~ agricultural and non-agricultural land. 

Such as fertilizers, pesticides Agricultural pollutants 

Over the land surface and eventualor animal waste diffuse 

· tin some form (Wanielista, ly enter the aquatic environmen 

· (1970 ) stated that agricultural 
et al. , 1977). McCarty 

Contain nitrogen concentrations 
draina ge waters may 



from 1 ppm t o more than 100 
ppm , mo St ly in the form of 

ni t r at e . Hill d an Mccague ( 1974), 1.' n a study compar ing 
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nitrate leve ls in a stream 
passing through both fertilized 

and unfertilized l and 
I found that a clear relation exists 

between the fe rtilized fields and higher No 3 levels in the 
They concluded th river . 

into the 
at moS t of the NO was carried 

. 3 
river by groundwater 

runoff and not surface runoff. 

The significance of high ' t n1. rate concentrations in 

water quality studies lies in the actual or potential plant 

growth, primarily algae, that they may stimulate and the 

problems associated with such growth. 1 n correct combina-

t ion with other nutrients, such as orthophosphate (Po
4
}, 

plant growth could be stimulated far in excess of that which 

would occur naturally. 

Orthophosphate 

The amount of phosphorus in a body of water will often 

be the limiting factor in that body's productivity. It is 

often considered the most critical factor in the mainte

nance of biogeochemical cycles (Reid and Wood, 1976). 

Orthophosphate (P0
4
), an inorganic phosphorus compound, 

occurs in scant concentrations in natural waters. Ruttner 

(1963) noted that algae have the ability to utilize these 

small concentrations and store any excess available. During 

normal algal growth orthophosphate may be released back into 

the water or converted to organic phosphorus compounds. 

lysl.· s and decomposition, bacteria function as 
During algal 



parti cula t e phosphoru . 
s intermed iar1.·e s . 

1.n the degradation 
of di ssolved organic h 

P osphorus t d ' 0 1.ssolved inorganic 
phosphorus (Wetzel, 1975 ) . 

In natural streams and 
rivers h h P osp orus is derived 

mainly f rom the th 
wea ering and solution of 

phosphate min-
erals (McCarty, 1970). 

Three main allochthonous sources 
were noted by Vercuin (1967 ) to be 

sewage, phosphorus con-
taining detergents and agr· lt 

icu ural runoff. Excess phos-
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phate from these or other sour 
ces may be the key element in 

causing the excessive f t ·1· 
er l. ization of natural waters (Lee, 

1973) . A correlation was found by Sawyer et al. (1945) and 

Vollenweider (1968) to exist b t e ween excessive fertilization 

of waters and concentrations of soluble orthophosphate 

greater than 0.01 ppm. 

Based on the orthophosphate concentrations observed 

throughout this study, at no time was this nutrient a 

limiting factor in plant productivity. In ·fact, concen

trations were generally an order of magnitude higher than 

the l evels needed for excessive fertilization as mentioned 

above. As noted in the section on nitrate nitrogen, these 

high concentrations of Po4 might, in correct combination, 

afford t he Red River the potential for high plant popula

tions. It is possible that in the Red River, agricultural 

lands contributed significant portions of the phosphate de

tected . Viets (lg 71) found that little phosphorus leaches 

ff a s inorganic phosphate, but it through the soil or runs o 

Phosphorus absorbed on sediments. 
can wash off with soil as · 



Reading s taken above and 
be low t he sewage treatment plant 

we re simi lar, indicating 
t hat this was not a major source 

of addi t i onal Po
4

. 
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Anothe r factor involved 
wi th high orthophosphate levels 

is the potent i al high oxygen 
demand. The Federal water 

Pollution Control Administration (1968) 
pointed out that one 

mg o f o r ganic phosphorus demands 160 mg 
of oxygen in a sin-

gle pass o f the phosphorus cycle 
to complete oxidation. 

secchi Disc 

Secchi disc transparency 1.·s essentially a function of 

t he re fl ection of light from the water surface and is 

there f ore influenced by both absorption characteristics of 

t he wate r and its dissolved and particulate matter (Wetzel, 

19 75). It is well known that light is a very important fac

t or i n t he productivity of an aquatic community. 

I n t he Red River, water transparency is primarily 

associat ed with suspended particulate matter such as silt. 

Bank erosion is a prominent feature, with whole trees 

slidi ng into the river a common occurrence. At the upstream 

stat i ons Secchi disc readi ngs (Figure 7) were lower, gener-

ally a ro und 40 cm. As the water passes very slowly down

stream, some of this silt settles out and the readings be

come gr eat e r. One e xception to this was observed during the 

• h h avy rains occurred on the second day spr i ng sampling wen e 

Particulates added from the upstream 
of sampling. The e xt r a 

d . sat the downstream stations 
runo ff lowered t he rea 1.ng 



to 10 cm . Harned (1 976) . . 
67 

, i n his work i·n a f arm pond , noted 
a decrease in vi ' b •1 

si i ity during periods of heavy rainfall; 
he attributed th· 

is decrease to surface runoff. 
Based on calibrations with a sub . 

marine photomete r, 
secchi d isc transparency in th ' 

is study represents the zone 
of about one percent trans · • 

mission of light. This would 
correspond very closelv to th 1 

• e ower limits of primary 

productivi ty. Carpenter (1981), using 14c methods, found 

productivity reduced significantly below depths of one meter 

in the Red River (Table 19). From the 14c data it is 

apparent that productivity increased at the downstream 

stations. This could have been associated with the 

increased light availability at those stations since .major 

plant nutrients were ab 1..1ndant at all stations. 

Turbidity in the Red River could be a main factor in 

its productivity of plants and its diversity of benthic 

macroinvertebrates. The decrease in light- reduces the 

photosynthetic activity which in turn reduces the dissolved 

oxygen for the animals. This could bring about a reduction 

in total species in the river and a reduction in the 

numbers .,:: 
Q,_ the intolerant species. Hynes (1960) concluded 

t hat suspended - solids often reduce the growth of algae and 

alter the benthic fauna by blanketing other p lants and may 

ove r the s tream bed. 

Total Hardne ss 
. d t tal hardness of water as the 

Ruttner (1963) define 0 



68 

Table 19 . Carbon 14 producti · ~ 
to 2 5 me t v i~y measured at the Surface . ,. ers Nu b 
tions per 10 · . m ers represent disintegra-

minutes. Data from Carpenter (1981 ) . 

Depth (m) surface 0.5 l.O 2.0 2.5 

station No. 

1 1220.1 1146.9 239.4 1050.2 383.l 
2 890.6 656.4 254.9 54.2 
3 4643.5 1821. 1 · 413_3 131. 5 85.1 
4 77 89. 6 4858.9 890.9 226.1 172.4 
5 21507.7 9746.1 1592.8 210.9 158.3 
6 54922.2 16896.8 5740.8 736.8 143.6 

7 36646.8 13305.4 7151. 5 702.4 276.8 

8 50002.8 29555.4 15135. 8 22~0.4 690.9 

9 32630.7 31956.7 19131. 4 5768.3 2476.2 

10 55982.9 27972.3 13663.3 8356.0 4295.5 

11 39798.9 18936.5 9623.1 4872.l 3619.1 
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amount of alkaline earths 

Pr e sent (not i ncluding t he anions 
to which they are bound ) , and 

sulpha t es and chlorides o f 
calcium and magne s i um. 

Water wi th a hardness between 60 

and 120 i s defined by the N.T. A.R.C. (1969) as moderately 

hard , and values less th 
an these as moderately soft to 

soft. Water with at t 1 
o a hardness above 120 ppm is con-

s idered very hard. 

Based on the above criteria and total hardness data 

(Figure 8) , the water of the lower Red River was moderately 

hard to very hard. As was noted with nitrate nitrogen, 

r unoff at rural stations (stations one through five) appears 

to have been the major source of high hardness concentra

tions. An inverse relationship was observed between total 

hardness and Secchi disc readings, also suggesting runoff 

as the likely cause of the hard water. It was noted 

by the Federal Water Pollution Control Administration 

(1 968) that hardness in natural waters may be caused by 

an acc umulation of calcium and magnesi~~ salts from contact 

wi th soils and other geological formations. 

Concentration (pH) in streams and rivers Hydrogen-ion 

current, biological processes i s primarily determined by 

Of the substrate (Reid and Wood, 1976). and chemical nature 

and to mix chemical substances The current acts to move 

respiration affect pH through the 
while photosynthesis and 

of carbon dioxide. product ion and reduction 
In natural 
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wat e rs pH value s us ually are between 6 and 9 (Wet zel, 19 75 ). 

Throughout t hi s s t udy pH readings (Figure 9) for each 

sampling peri od remained f airly constant. The highest 

re adings were taken in the summer (pH 8.3) and the lowest 

i n t he winter and spring (pH 5.8). This seasonal variation 

might be e xplained by fluctuations in planktonic popu

lat i ons and their utilization of co
2

. Ruttner (1963) found 

that pH was very strikingly linked to species composition 

of communities and their life processes. Carpenter (1981), 

i n his studies of the Red River phytoplankton, found the 

highest algal populations in summer and the lowest in 

winter and spring. Harned (1976) observed this same 

seasonality in a Kentucky farm pond. 

From the pH data in Figure 9 it seems likely that 

hydrogen-ion concentration is not a_ limiting factor in 

I know Of no allochthonous sources which the Red River. 

would alter the pH in a detrimental way. 

Fecal Coliform Bacteria 

residents of the intestinal tracts Fecal coliforms are 

· ls Coliform Other homoiothermic anima . of human and 

nonsporeforrning bacilli, which bacteria are gram negative, 

ferment lactose with acid and gas production within 24 

350 C (Crabtree and Hi nsdell, 
to 48 ho urs when incubated at 

1974 ) . 

Human f ecal material 
b water in is carried away y 

s ewage systems that may 
. to lakes and rivers discharge in 
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which supply dr i nking wate r for other communi t i e s (Cr ab

tree a
nd 

Hinsdill, 19 74). Si nce this material may contai n 

pathogen
5

, there i s a need for a bacteriological test t o 

i ndicate 
th

e presence or absence of fecal organisms. Not 

a l l col i f orm organisms are fecal in orig i n; other poss i ble 

sour ce s are so i l, water and vegetation. The Federal 

water Pollution Control Administration (1968) stated that 

it i s necessary to consider all fecal coliform organisms 

as i ndicat ors of dangerous contamination, and Geldreich 

(1965) concluded that fecal coliforms can be a measure 

o f the potential hazard to public health. 

The State of Tennessee (1976) established these 

s t andards for fecal coliform bacteria(FC): 

Use 
Domes t ic Raw Water 
I ndustrial Water 
Fi sh and Aquatic Life 
Rec reation 

Mean FC/lOOml 
1,000 
1,000 
1,000 

200 

Max. FC/lOOml 
5,000 
5,000 
5,000 
1,000 

d On monthly averages and the maxThe mean values are base 

highest count f rom any one sample i mum values represent the 

dur i ng the month. thl.·s study samples were not taken During 

· ate inditherefore, only approxim t hroughout the month ; 

conditions may be esti~ated. From cat icr.s o f the sanitary 

t he fe cal coliform data 

tha t t he higheS t concen 

h l d be observed in Table 18, its ou 

d tor below Statrations occurre a 

in their study of Lake 
t:on 6 . Davis et al. (1968) , . 

bacteriological pollution 
B '1 y f o und 2.r.:<: e , that t he worst 

they encountere d was at 
f the Red River. They the mouth 0 



noted untre ated indust . 1 ria wastes as a probable cause 
for such readings, with the 

Clarksville sewage treatment 
plant as a possible source. 

Since cou t 
n s were high above the Big West Fork, it 

i s possible that seepage from a local 
meat packing plar.t 

(Frosty Morn) was a source of fecal coliforrns. 
A 
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settling lagoon owned by the company is located less than 

100 meters from station 6. Th' is company is no longer 

i n operation at this location as of December 1977. The 

f ecal coliform bacteria counts from the Big west Fork 

indicate a : possible contribution by the sewage plants on 

the Little West Fork mentioned in the benthic macro

invertebrate section. The reading of 104,000/100ml in 

the fall would favor a point source such as a sewage 

effluent since rainfall was low, and nonpoint sources 

usually depend on runoff as their source of entry. The 

highest counts for the entire study occurred in the fall 

at station eight and were 252,000/100ml. These high 

counts could have resulted from the upstream movement of 

surface water near the leaking sewage pipe. During 

periods of low flow, the force of even slight winds can 

push the surface water upSt ream. 

· samplings, fecal coliDuring the winter and spring 

form counts were down considerably. This may have been 

· the winter and the 
to Col d temperatures in due in part 

t The closing of 
Of the spring high wa er. 

dilut ion factor 

Packing plant may a the Frosty Morn 
lso have had some impact 
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From the small amount o f bacteriological data i n 

this study , one can ge t some indication of the fecal 

pollution in the Red River. During t imes of low flow and 

higher temperature fecal coliforms indicate the possibility 

of h i gh concentrations of pathogens. These pathogens 

could be a serious health hazard to the residents of 

Clarks vi lle. Some of the health problems were listed 

by Bott (1973) as typhoid fever, gastrointestinal dis

orders, diarrheal diseases, nausea, dehydration, kidney, 

l iver and nervous system infections, polio, infectious 

hepatitis, aseptic meningitis, flu and eye infections. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

s ummary 

A water quality study was conducted from July 1977 to 

May 1978 on the lower eleven miles of the Red River. 

Existing water quality was evalu·a.ted, b ased on biological, 

chemical and physical parameters, tested during four 

seasons. 

The Red River is a tributary of the Cumberland River 

and has a total length of 158 km. The total drainage area 

2 is 2343 km . With the exception of the urban industrial 

area at Clarksville, Tennessee, the basin is primarily 

used fo r agriculture. The river is chiefly used for 

recreation, municipal and industrial water supply and 

was t e disposal. 

samples of benthic macroinvertebrates obtained by an 

Studl.· ea for species composition, diversity Ekman grab were 

and equitabil ity. Based on the above criteria a good 

Of the Water quality was obtained. ir.di cation 
the west Fork, the Red River 

Above t he con f luence of 

all but one station, which was 
exhibited clean water at 
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on ly mi l d ly polluted . 

At these upstream stations the 
benthic f auna was dominated by 

dipteran larvae, Ephemerop
tera l a r vae, mollusca and 1 · 

0 igochaetes. The largest family 
r epresented was the Chi ro .d 

nomi ae. Diversity was above 3.0 
and equitabi lity above o 5 · d' . 

· ' in icating clean water. 
In the West Fork d h 

an t e Red River below its con-
f luence with the West F k th 

or , e faunal composition changed 

to one comprised primarily of oligochaete worms. Diversity 

and equitability declined into the mild polluted zones and 

approached heavy pollution on one occasion. 

Water temperature was found to be close to the mean 

monthly air-temperature. No significant changes in tem

perature were noted over the eleven mile study. 

Dissolved oxygen was greatest at the surface during 

all samplings. Surface water contained a concentration of 

dissolved oxygen greater than 5.0 ppm at all times. Dis

solved oxygen declined at depths greater than one meter, 

often below 3.0 ppm. 

· concentration of the water varied little Hydrogen-ion 

each Sampling but seasonal variation was among stations at 

observed. This variation was expected, considering 

Populations and their utilfluctuations in aquatic plant 

ization of co
2

. concentration was within Hydrogen-ion 

f 6 _0 to 9.0 with only one 
the accepted state standa rds 0 

h pH dropped to 5.8. 
exception; in that instance t e 

hard . 

found to be moderately hard to 
Red River water was 

readings occurred at the 
The highest total hardness 



upstr e am stations, probabl y 
as a result of contact with 
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alkal i ne earths from runoff 
and erosion. An inverse rela

t i onship was noted between total hardness 
and water trans-parenc y . 

Wate r transparency was greater at the downstream 

urban stations, reaching a maximum of 80 cm. 
Bank erosion 

and runoff from upstream stations contributed silt in 

significant quantities to lower the transparency at those 

stations. 

Levels of two major nutrients, nitrate and orthophos

phate, were found in sufficient concentrations to support 

blooms of aquatic plants. Both compounds, although present 

in high concentrations, were fairly uniformly present 

throughout the entire study area. A considerable increase 

in nitrate was noted during high water periods in the 

spring. This was explained by the excessive runoff also 

observed at that time. 

Fecal coliform data implied water quality patterns 

similar to those implied by the benthic macroinvertebrates. 

Low fecal coliform counts, usually within state standards 

f d at upstream stations. for recreation, were oun Down-

th W t Fork, counts stream, near the confluence of e es 

recreation by as much as exceeded state standa rds for 

252 times for fish and aquatic 1262 times and by as much as 

life standards. 
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conclusions 

The lower Rd · 
e River can be described in terms of 

water quality as having areas of both 
clean and polluted 

water. Man has played the maJ'or role i'n 
shaping the water 

quality of the Red River into wha~ i't i's 
- today, either 

directly by wastes discharges · d ' 
or in irectly through the 

runoff of soil and chemicals from agricultural lands. 

The rural upstream reaches of the study area were 

basically free from organic waste. However, this section 

was subject to erosion problems and the runoff from 

agricultural land. The resulting increase in turbidity 

was an important factor in the diversity and productivity 

of the river. The reduction in the photic zone limits 

plant growth, including photosynthesis, to the surface. 

This, in turn reduced the dissolved oxygen at the lower 

depths. As a result of the low oxygen concentrations, 

In game fish populations may be reduced or eliminated. 

addition, macroinvertebrate populations, which are vital 

in the aquatic food web, are reduced or replaced by 

less beneficial, pollution tolerant species. 

nutrients, possibly from the The increase in plant 

th euthrophication prorunoff of fertilizerS, speed up e 

d Cumberland Rivers. cess in both the Red an Combined 

downstream, the Red River with organic waste added 

which can support substantial exhibited an environment 

. the form of algae. As these 
plant populations, moSt ly in 
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organisms di e and settle to th b 
e ottom, natural decom-

position processes break them d 
own. These processes use 

significant amounts of dissolved oxygen thus depriving 

aquatic an imals of the same. 

The main problems associated with organic wastes occur 

at and below the confluence of Big West Fork. Effluents 

from four sewage treatment plants, three on the Little 

west Fork and one on the Red River, are primarily respon

sible for these polluted conditions. Inadequate treatment 

and complete by-passing often result in the discharge of 

raw sewage directly into the river. 

Based on the data obtained from this study, I 

conclude that the lower Red River, in its present condition, 

is unsuitable for recreational purposes. At this time the 

river is of little value in terms of a diversified aquatic 

fauna. However, with appropriate mitigative measures, 

the river could return to a healthy and productive 

ecosystem. 



79 

LITERATURE CITED 

Beck, Wil~iam M. Jr. 1976 . 
onomids. Technical 8 ~iology of the larval Chir
of Florida Departmenteries, ~ol. 2, No. 1. State 
58 pp. of Environmental Regulation . 

... .. 1~78. _Private correspondence 
Biological Station, Smithvill~ 

I 

Tennessee Tech Aqua 
Tennessee. 

Bott, T. ~- 197~. Bacteria and the 
quality. Biological M th d assessment of water 
Water Quality, ASTM ST: 0 s for the Assessment of 
T • 528, American Society for 
esting and Materials, pp. 61-75. 

Brinkhurst, R. O and B G ~'1 J · 
1

. · · • - • amieson. 1971 Aquatic 
0 igochaeta of the world. University of Toronto 
Press, Toronto, Canada. 860 pp. 

Burks, B. D. 1~53 7 Ephemeroptera of Illinois. Bulletin 
of the Illinois Natural History Survey, Authority of 
the State of Illinois, 26(1): 1-216~ 

Cairns, John, Jr. and Kenneth L. Dickson. 1971. A 
simple method for the biological assessment of the 
effects of waste discharge on aquatic bottom-dwelling 
organisms. Jour. Water Poll. Control Fed., 54(5): 
755-772. 

Carpenter, Larry D. 1981. Investigations concerning the 
algal communities of the lower Red River, Montgomery 
Co., Tennessee. Masters' Thesis, Austin Peay State 
University, Clarksville, Tennessee. 

Chu, s. P. 1943. The influence of the mineral composition 
of the medium on the growth of planktonic algae. 
Part II. The influence of the concentration of 
inorganic nitrogen and phosphate phosphorus. Jour. 
Ecology, 31(2): 109-148. 

Crabtree, Koby T. and Ron_ald_D. H~nsdell. 1974. Funda-
b ology W. B. Saunders 

mental experiments in micro 1 • 

Co., Philadelphia, Pa. 349 pp. 



Daniel , Dick A. and H l 
ft . . a ro d K Ch d . k 

80 

o OXl. Cl. ty and b · . ' a wic · 1971 A study 
D lt i os t imulat · · · e a wate rs v 1 ion in San Francisco Bay-. . o · VI I Ef f 
biota . Californ· ' ects of wastes on benthic 

d ia State wt Boar , Publ i cati a er Resources Control ~on No 44 s 
78 pp . · · acramento, California. 

oavis , Gordon, Michael Ede . 
Peggy Wallen, Marthagw'i~onnie Lewis, Robert Murphy, 
1968 . A bacteriolo . a us and Haskell Phillips. 
Jour. Tenn. Acad sg~cal survey of Lake Barkley. 

' Cl.. 1 43(1): 15-19. 

Egloff , David A. and William H B k 1 
pol lut i on and a sim . . · ~a e • 1973. Stream 
Wate r Poll Cont 

1
Plified diversity index. Jour. 

· ro Fed., 45 (11): 2269-2275. 

Federal Water Polluti on Control Ad · · · 
water 1 • t . ministration. 1968 . 

. 1 q~a_i Y criteria. Report of the National Tech
nica _A visory Committee to the Secretary of the 
Interior. Washington, D.C. 234 pp. 

Feth , J. H. 1966. Nitrogen compounds in natural water. 
A review. Water Resources Research, 2: 41. 

Gaufi n, A. R. and C. M. Tarzwell. 1956. Aquatic macro
invertebrate communities as indicators of organic 
pollution in Lytle Creek. Sewage Ind. Wastes, 28: 
916-934. 

Geldreich, Edwin E. 1965. Detection and significance of 
f ecal coliform bacteria in stream pollution studies . 
Jour. Water Poll. Control Fed., 37: 1-13. 

Goodn ight, Clarence J. 1973. The use of aquatic macro
invertebrates as indicators of stream pollution. Trans. 
Amer . Micros. Soc., 92(1): 1-13. 

Goodnight, Clarence J. and L. S. Wit~ey. 1961. Oligo
chaetes as indicators of pollution. Proc. 15th 
Indust. waste Con£., Purdue University Ext. Ser., 
106(45): 139-142. 

197 3 Methods manual. 9th ed. Hach Chemical Company. · 
Ames, I owa. 119 pp. 

1970 Some physico-chemical investigations 
Happey , C. M. . . 7 • Abbot, s Pool, somerset: 

o f stratificatio~ inl ed oxygen content. Jour. 
Studies in the disso v 
Ecology, 58: 43 5- 444 · 

A lirnnological investigation 
Harned Ronald Dal_e. 1976 · Kentucky Farm Pond. _Unpu~-

, · county ) t o f a (Christian . Aust i n Peav state Universi Y, 
lishe d Master's Thesi s , -
Clarkes ville, Tennessee. 



Hendr i cks , Albe r t 
0 o · k ' on Henley J 

~c. so~ and J . K. G . ' · T. Wyatt, Kenneth L. 

81 

d~versi t y indices i~ ;ilvey . . 1974. Utili zat i on of 
mill effl uent on bott vaiuating the effect of a paper 
463 - 474. om auna. Hydrobiologia, 44(4), 

Hill , ~ - R. and W. P. Mccague. 1974 
tions i n streams n 

1 
. · Nitrate concentra-

by ni trogen fert · ~ar ~ li ston Ontario, as influenced 
of So i l and Wate~l~zation °~ adjacent fields. Jour. 

onservation, 29: 217 _220 _ 
Howmi ller, R. P. and A M 

uat i on of environ~ent ~eeton7 1971. Biological eva l-
Michigan. Jour ~ quality, Green Bay, Lake 
123-133. . Water Poll. Control Fed., 43(1): 

Hutchinson, G. E. 1957. A treat;se on 1· 
G h ... imnology. I. eograp Y, physics and chem;stry. J h ·1 S r ... o n Wi ey and ons, nc., New York . 1015 pp. 

Hyn e s , H. B. N. 1960. The biology of polluted waters. 
University of Toronto Press. Toronto, Canada. 202 pp. 

1970. The ecology of running waters. University 
of Toronto Press. Toronto, Canada. 555 pp. 

Ignjatovic, Lazar R. 1968. Effect of photosynthesis on 
oxygen saturation. Jour. Water Poll. Control Fed., 
40 (5): Rl51-161. 

Johannsen, O. A., Jr. 1934. Aquatic Diptera. Part 1. 
Memoir 164, Cornell University Experimental Station. 
Reprinted in 1969 by Entomological Reprint Specialist, 
Los Angeles, California. 

..... 

1935. Aquatic Diptera. Part II. Memoir 177, 
Part II. Memoir 177, Cornell University Experimental 
Station. Reprinted in 1969 by Entomological Reprint 
Specialist, Los Angeles, California. 

1936. Aquatic Diptera: Part III. Memoir 205, 
Cornell University Experimental Station. Reprinted 
in 1969 by Entomological Reprint Specialist, Los 
Angeles, California . 

. o · ptera Part IV. Memoir 210, 1 937. Aquatic i · · t d 
Cornell University Experimental Stati~n .. Reprin e 
in 1969 by Entomo~ogical Reprint Specialist, Los 
Angeles, California. 



Keup , Lowell E wi· ii · 
· ' iam H I 

82 

Mackenthun . 1966 · ngram and Kenneth M. 
macrofauna in wat~r The ro~e o~ bottom-dwelling 
Department of Healthpollutio~ investigations. u. s. 
Health Service Publ ' ' E~ucation, and Welfare. Public 

ication No. 999-WP-38. 23 pp. 
Kittrell , R. W. 1969. A practi l . 

studies o f stream U ca guide to water quality 
Federal Water Pol~~t· · s. Department of the Interior, 
Government Print· ion_Control Administration. u. s. 

ing Office, Washington, D. c. 135 pp. 
Lee , Fred G. 1973. 

and diffuse 
111-128. 

Role of phosphorus in eutrophication 
source control. Water Research, 7: 

Lloyd , Monte, Jerrold H. Zar and James R Karr 1968 
On the calculation f · f . · ~ · 

f d' . 0 in ormation-theoretical measures 
o iversity. Amer. Mid. Nat., 79(2): 257-272. 

Macan, T. T. 1974. Freshwater ecology. John Wiley and 
Sons, Inc., New York. 343 fP· 

Mackenthun, Kenneth M. 1969. The practice of water pol
lution biology. U. s. Department of the Interior, 
Federal Water Pollution Control Administration. u. s. 
Government Printing Office. Washington, D. c. 281 
pp. 

Mackenthun, Kenneth M. and I. E. Keup. 1972. 
lution, Freshwater rnacroinvertebrates. 
Poll. Control Fed., 44(6): 1137-1150. 

Water pol
Jour. Water 

Mason, William T., Jr. 1973. An introduction to the 
identification of Chironomid larvae. U.S. Environ
mental Protection Agency. Cincinnati, Ohio. 90 pp. 

Mason, William T., Jr., J.B. Anderson, R. Douglas Kreis 
and William c. Johnson. 1970. Artificial substrate 
sampling, macroinvertebrates in a polluted reach of 
the Klamath River, Oregon. Jour. Water Poll. 
Control Fed., 42(8): R315-328. 

McCarty, P. L. 
in water. 
127-140. 

1970. Chemistry of nitrogen and phosphorus 
Jour. Water Poll. Control Fed., 62(2): 

h Cummings. 1978. An intro-
Merritt, Richard W • and K~nrn~t ects of North America. 

duction to the aquati~ ~~s co Dubuque, Iowa. 
Kendall and Hunt Publis ing ., 
441 pp. 

. en content and pollution of 
Muller , W. 1953. Nitr~fsing, 74: 256. 

streams. Ge s undhe 



83 
Needham , Jame s G. and Paul 

the study off h R. Needham. 1962. A guide to 
San Francisco r~!1 \~~ter . biology. Holden-Day , Inc., 

' i ornia. 108 pp. 

N. T . A. R. C. 1969 . Raw-water 1 · . 
supplies . J qua ity criteria for public 
138 . our. Amer. Water Works Assoc., 61: 133-

Palmer, C. Me rvin. 1962 Al 
i llus trated manual 

0
·n gae in water supplies. An 

the identification, signifi
~=np~ef a

nd
t cofntrol of algae in water supplies. u. s. 

r men '? Heal th, Education and Welfare, Public 
Health Service. Washington, D. C. 88 pp. 

Palo urnp is, ~dreas A. and William c. Starrett. 1960. An 
eco~og~cal_study of benthic organisms in three 
Illinois River flood plain lakes. Amer. Mid. Nat., 
64(2): 406-435. 

Parr i sh, Fred K. 1975. 
cative organisms of 
U. S. Environmental 
Ohio. 195 pp. 

Keys to the water quality indi
the Southeastern United States. 
Protection Agency. Cincinnati, 

Pennak, Robert K. 
United States. 
York. 769 pp. 

1953. Freshwater invertebrates of the 
Ronald Press Co., New York, New 

Perlan, Doug. 1970. Inventory of lakes, ponds, reser
voirs and streams. Tennessee Game and Fish Commis
sion, State of Tennessee. Nashville, Tennessee. 2 
pp. 

Pie ou, .. · 1 E c 1975. Ecological diversity. John Wiley 
and Sons, Inc., New York. 165 pp. 

d W d 1976 Ecology of Reid, George K. and Richar D. oo • • 
inland waters and estuaries. 2nd ed. D. Van 
Nostrand Co., New York. 485 pp. 

1963 Fundamentals of limnology. 3rd 
Ruttner, Franz. · University of Toronto 

ed. Trans. from German. 
t Canada. 375 pp. Press, Toren o, 

Lacke and A. T. Lenz .. 19~5. An 
Sawyer, C. N. , ~ • B · d Y nuisances occurring in the 

investigation of O ~r 1 rly Monona, wabesa and 
Madison Lakes, parti~~: July 1944 . Repor~ of 
Kegonsa from July 1 ~ ee Madison, Wisconsin, 2 
the Governor's Co~itt ' 

1 171 Pp Mimeo. 
VO S. , • ' 



84 State of Tenne ssee 197 
qua lity contr~l T

6
· Annual report, Tennessee water 

H 1th . · ennessee Dep t ea , Divi sion of ar ment of Public 
Tennes see . 52 pp. Water Quality Control. Nashville, 

Stoneburner, Daniel 1 Eri chorn. 1976 ·, Leonard _A. Smock and Henery c. 
indexe s use' • · A comparison of two diversity 
Water Poll 

O 
~~n~ast

1ewater impact assessments. Jour. 
· ro Fed., 48 (4): 736-741. 

Ty ler, J.E. 
1 3 ( 1 ) : 

1968. 
1-6. The Secchi disc. Limnol. Oceanorg. 

Turk , ~os , Jonathon Turk, Janet T. Wittes and Robert 
Wi ttes .. 1974. Environmental Science. w. B. Saunders 
Co., Philadelphia, Pennsylvania. 563 pp. 

U. S. ~~nvironmental Protection Agency. 1973. Biological 
rield and laboratory methods for measuring the quality 
of surface waters and effluents. National Environ
nental Research Center, Cincinnati, Ohio. 77 pp. 

U. S. Geological Survey. 1962. Public water supplies of 
the 100 largest cities in the United States. 
Washington, D.C. 

u. S. Soil Conservation Service. 1978. Report on water 
quality of Montgomery County, Tennessee. United 
States Department of Agriculture. 2 pp. 

Usinger, Robert L. 1971. Aquatic insects of C~lifo~nia, 
with keys to North American genera and California 
species. University of California Press, Berkely, 
California. 508 pp. 

vercuin, J. 1967. Euthophication and agriculture in the 
Un ited states. A.A.A.S. Symposium, agriculture and 
the quality of our environment. Nyle C. Brady 
Editor. 163-172 pp. 

·1· Jour. of Soil and Viets Frank G. 1971. Ferti izers. 
' t ' 26 51-53. water Conserva ion, : 

1968 Scientific fundamentals of the 
Vollenweider~ R. _A. 1 kes and flowing waters, with 

Eutrophication of a 'trogen and phosphorus as 
particular referen~e ~? ni Organization for Econ. 
factors in eutrophica ion.t Directorate for Scien
Cooperation and oevelopmen, 
tific Affa irs. 

Y Sef and Waldron M. Me-y usef A. ou 1 Wanielista , Martin P., 0 
. t source effects on water qua -

Lellon . 1977. Nonp~~n control Fed.' 49 (3): 441-451. 
ity . Jour. water Po . 



85 
ward , H. 

8
• a

nd 
G. C. Whippl e. 1963. Fresh-wate r b i o logy . 

W. R. Edmondson, Editor. 3rd ed . J ohn Wiley and 
Sons, I nc. , New York . 1111 pp . 

Warner, Ri chard W. 1973 . Water pollution, f reshwater 
mac r oinvertebrat es. Jour . Water Poll. Control Fed . , 45 (6): 1231-1 23 7. 

Warren , Charle s E . 1971 . Biology and water pollution 
con trol . W. B. Saunders Co., Philadelphia, Pennsylvan i a. 434 pp. 

Welch , Paul S . 
New York. 1952. Limnology. McGraw-Hill Co., I nc., 538 pp. 

Wetzel, Robe rt G. 1975. Limnology. 
Co., Philadelphia, Pennsylvania. W. B. Saunders 

743 pp. 

Wi lhm , J . L . and T. C. Dorris. 1966. Species diversity 
o f bent hic macro i nvertebrates in a stream receiving 
domestic and o i l refinery effluents. Amer. Mid. Nat., 
7 6 (1); 208-213. 

h J L and T. C. Dorris. 1968. Biological para --Wil m, · • 18 (6) 
meters for water quality criteria. Bioscience, : 
477- 481. 



0 

1 

3 

AP PENDI X I 

STREAM BOTTOM PROFILES 

1 

2 

4!--o --ro-~:---~----u 10 20 .. 30 40 

3 

40~--~--~.;;;;;;;;;;=:;;..----
10 20 30 40 

width 

86 

Figure 11 . Bank to bank profiles at each station, made 
f rom left to right bank, with depth and width 

expressed in meters. 
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APPENDIX II 

CHECKLIST OF BENTHIC MACROINVERTEBRATES 

Table 20. Benthic Macroinvertebrates of the Lower Red 
River (Montgomery County, Tennessee). 

Annelida 
Oligochaeta 

Arthropoda 

Branchiura sowerbyi 
sp. 2 

Crustacea 
Isopoda 

Asellus sp. 
Hydracarina (Order) 

Insecta 
Ephemeroptera 

caenis sp. 
Hexagenia limba~a . 
Heptagenia marg1nal1s 

Odonata 
coenagrion sp. 
Dromogomphus sp. 

coleoptera . 
oubiraphia sp. 
Macronychus ~P· 
Elmidae (Farnil~) 
Noteridae (Family) 

Megalopte:a 
sialis sp. 

oiptera 
culicidae 
chaoboru5 _5 P· 1ata 
Ablabesyrnia annu 
Ablabesymi~ ornata 
r h i ronomuJ_ sp · 
..... t rsus sp . 
cladotanY a -

90 



Table 20 continued . 

Coe lotanypus scapularis 
Cr yptochironomus sp. 
Cr yptotendipes sp . 
Demicryptochironomus sp. 
Epoicocladius sp. 
Glyptotendipes sp. 
Paracladopelma sp. 
Paralauterborniella sp. 
Paratendipes sp. 
Phaenopsectra obediens 
Polypedilum sp. 
Procladius sp. 
Psectrocladius sp . 
Tanytarsus sp. 
Tribelos sp. 
Uni den tif ied l 
Unidentified 2 
Unidentified 3 
ceratopogonidae (Family) 
Unidentified Dipteran 

Trichoptera 
Nectopsyche sp. 

Lepidoptera 
Arctiidae (Family) 

Mollusca 
Gastropoda 

pleurocera sp. 
pelecypoda 

corbicula sp. 
Villosa sp. 
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APPENDIX III 

Table 21. 

RAW DATA 

Raw data collected at station 1 d · 
sampling periods. uring four 

season Summer Fall Winter Spring 

Data 

secchi disc (cm) 30 60 

Nitrate (ppm) 3.5 2.5 

orthophosphate(ppm) 0.15 0.10 

pP. 7.9 7.3 

Total Hardness (ppm) :!.85 215 

Diversity (d) combined samples, 3.17 

Equitability ( e) combined samples, O. 72 

Depth ( rn) 
3.5 3.3 

Air-temperature (oC) 25.5 7.0 

Time started 
0700 0745 

9 2 
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Tab l e 22 . Raw data collected 
sam 1· at station 2 during four Ping periods. 

season 
Summer Fall Winteu Spring 

Data 

secchi disc (cm) 32 so 60 
Nitrate (ppm) 3.25 2.5 2.9 4.6 
orthophosphate (ppm) 0.16 0.12 0.05 0.09 
pH 7.2 7. 0 6.3 6.2 
Total Hardness (ppm) 185 220 169 160 

Diversity (a) combined samples, 2. 77 

Equitability ( e) combined samples, 0.42 

Depth (m) 3.7 3.5 4.5 

Air temperature (OC) 31. 5 8.0 21.9 

Time started 1145 0920 1345 1600 
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Table 23. Raw data collected 
sampling periods. at station 3 during four 

season 
Summer Fall Winter Spring 

Data 

secchi disc (cm) 30 45 53 
Nitrate (ppm) 3.3 2.6 4.0 
Orthophosphate (ppm) 0.18 0.10 0.11 
pH 8.3 6.6 6.0 
Total Hardness (ppm) 175 220 183 
Diversity (d) combined samples, 3.25 

Equitability ( e) combined samples, 0.74 

Depth (m) 4.2 4.0 6.0 

Air-temperature (OC) 35.0 14.0 15.0 

Time started 1440 1025 0810 
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Table 24 . 
Raw data collected 
samp1 · at station 4 during four · 1.ng periods. 

season 
Summer :'all Winter Spring 

Data 

secchi disc (cm) 30 53 54 
Nitrate (ppm) 3.0 2.8 4.0 
orthophosphate (ppm) 0.13 0.11 0.14 
pH 7.6 6. 6 5.8 
Total Hardness (ppm) 190 220 180 
Diversity ( ct) combined samples, 3.72 

Equitability ( e) combined samples, 1.06 

Depth (m) 5.2 5.3 6.3 

Air-temperature (OC) 25.0 15.0 15.0 

Time started 0710 1130 0910 
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Ta;:ile 25 . Raw data collected 
sam 1 · at station 5 during f our Ping per i ods. 

s eason 
Summer Fall Winter Spring 

oata 

s ecchi disc (cm) 32 65 so 
Nitrate (ppm) 3.0 2.8 3.1 
orthophosphate (ppm) 0.17 0.90 0.21 
pH 7.5 6.5 6.8 
Total Hardness (ppm) 165 173 160 

Diversity (a.) combined samples, 3.61 

Equi t ability ( e) combined samples, 0.78 

Depth {m) 5.1 5.0 6. 4 

Air- t emperature (o C) 27.0 17.0 16.0 

Tir!'.e started 0920 1240 - 1050 
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Table 26 . Raw da ta collected 
sampling periods. at station 6 during f our 

sea son Summer Fall Winter Spring 

oa t a 

secchi disc ( cm) 70 73 10 
Ni trat e (ppm) 2.3 2.5 3.3 
orthophosphate (ppm) 0.31 0.80 0.05 0.16 
pH 7.4 6.9 6.1 7.0 
Total Hardness (ppm) 100 145 168 120 

Di versity (ct) combined samples , 2.58 

Equitability ( e) combined samples, 0.67 

Depth ( rn) 5.3 5.8 7.6 

Air-tenperature (OC) 30.0 18.5 10.0 

Tir.ie started 1130 1345 1245 0845 
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Table 27 . Raw data collec t ed at t t · 
sampling periods. 5 a ion 7 during four 

season Summer Fall Winter Spring 

Data 

secch i disc ( cm) 60 80 18 
Nitrate (ppm) 2.3 2.4 

or thophosphate (ppm) 0.42 0.85 0.19 
pH 7.8 7.0 6.3 
Total Hardness (ppm) 100 148 140 

Diversity (al combined samples, 1.50 

Equitability ( e) combined samples, 0.31 

Depth (m) 6.0 6.0 7.6 

Air-temper ature (OC) 35.0 24.5 11.0 

Time started 1320 1430 ~ 1020 
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Table 28 . Raw cata collected 
1 at station 8 a' • samp ing periods . ur ing four 

seas on Summer Fall Winter Spring 

iJata 

secchi disc (cm) 38 80 10 
Nitrate (ppm) 2.9 2.3 

orthophosphate (ppm) 0.15 0.95 0.17 
pH 7.5 6.5 6.2 
Total Hardness (ppm) 168 133 110 

Diversity (d) combined samples, 1. 57 

Equitability ( e) combined Sa!!',ples, 0.31 

Depth (m) 7.2 8.2 8.8 

Ai r-temperature (°c) 26.0 19.5 11. 0 

Time started 0715 1510 1100 
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Table 29. Raw data col l ected 
sampling periods . at s t ation 9 dur i ng four 

season Summer Fall Winter Spring 

Data 

secchi di sc ( cm) 80 60 70 10 
Nitrate (ppm) 2.0 2.4 3.2 
ort hophosphate (ppm) 0.18 0.80 0.04 0.17 
;:>H 7.1 6.5 6 . 4 6. 4 
Total Hardness (ppn ) 80 60 70 120 

Diversity (d) combined samples, 1.14 

Equitab i l i t y ( e) combined samples, 0.21 

Dept h (m) 7.7 7.8 4.0 9.5 

Air- t empera t ure ( o C) 30 . 0 21. 0 11.0 

Time s t ar ted 0900 1545 1130 1140 
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Tab le 30 . Raw data collected 
at station 10 d . sampling periods. uring four 

season Summer Fall Winter Spring 

oata 

secchi di s c ( cm) 68 40 53 
Nitrate (ppm) 2.3 2.2 2. 4 3.5 
or thophosphate (ppm) 0 . 23 0,16 0.16 0.18 
pH 7.5 6.8 6.4 6.6 
Tot al Ha r dness (ppr.t) 70 98 106 120 -
Diversity ( d) benthos not sampled 

Equitabil i t y ( e ) II II II 

Depth (m) 7.6 

Air- t emperature (OC) 37.0 18.0 27.0 

Time started 1145 1630 0825 1150 
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Table 11 . Raw data co l lec ted 
1 . at station 11 d . samp ing pe r i ods . ur1ng four 

season Su..rmner Fall Winter Spring 

oat a 

secchi disc (cm) 80 40 

Nitrate (ppm) 2. 0 2.1 2.8 3.8 
orthophosphate (ppm) 0.15 0.19 0.09 0.18 
pH 7. 8 6.7 6.4 6.2 
Total Hardne ss (ppm) 90 93 138 135 
Diversity (<l l benthos not sampled 

Equ.i tabili ty ( e) II II II 

Depth (n) 10.8 

Air - temperature (oC) 34.0 17.8 -2.0 

Time started 1030 1535 1125 1220 

L 
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