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ABSTRACT 

A limnological study of a pond in Christian County, Kentucky, 

was conduc t e d fr om August, 1974 through December, 1974. Selected 

morphological, physical, chemical and biological parameters were 

measured at four stations on a weekly basis. The three major objec

tives of this inv es tigation were: det e rmining sel e cted physical and 

chemi cal prope rti es , enum e rating and identifying the phytoplankton 

and ide ntifying and expla ining the interr e lations that existed between 

tl-t e maj c r phytoplankton g roups an d the various chemical and physical 

pr op e rti e s ana l yz e d. 

Va riations w e r e observed in all of the param e t e rs examined. 

Dissolv ed oxyg e n, pH and t e mp e ratur e g e n e rally demonstrated a direct 

r e lation with th e phyto plankton populations. S ecchi disc visibility, 

orthopho sphate , ammonium nitr og en and n itrate nitrogen concentrations 

exemplifi e d a ge n e ral inv e rse r e lati onship with the phytoplankton con-

c e ntrati ons. 

Th e V ov oc al es and th e Eugl e nal e s encompass e d the m aj o rity of 

the phytoplankton examin e d . Larg e num be rs of Volvox species wer e 

fo und during th e warm month of August with c orr e s ponding l ow nitrate 

and amm onium nitr og en value s and low orthophosphat e conc e ntrations. 

The Eugl e nal e s we r e found during p e ri ods of high pho sphate and l ow 

di s s olve d ox yge n . 



The high nitrate and ammonium nitrogen values, with low 

Secchi dis c r eadings and abundant numbers of Euglenales suggested 

the pr e s e n ce of organic pollution . 
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CHAPTER I 

INTRODUCTION 

The seasonal succession and development of phytoplankton have 

attracted the attention of limnologists for over three quarters of a 

century. Some of the early workers, such as Ward and Whipple (1918), 

noted that the seasonal succession and amount of phytoplankton may be 

determined by a deficiency of one substance. Many of the modern 

investigators have regarded nitrogen and phosphorous to be critical 

to phytcplankton succession and development (Hutchinson, 1967). 

Another recent view, as reported by Vanlandingham (1964), is that in 

recent years workers have abandoned the theory that any single factor 

or related factors are always controlling phytoplankton growth. 

Throughout these many years of investigation, it is still not clear as 

to what actually controls the growth and succession of phytoplankton 

(Fogg, 1965). It is a matter of some difficulty to decide in any given 

instance whether a particular nutrient is limiting phytoplankton growth 

or not. 

Obj ectives of the Study 

This paper presents a survey conducted on a farm pond in 

Christian County, Kentucky, from 6 August 1974 to 28 December 1974 

t o d et e rmine the following: 



( 1) ascertain selected morphological and hydrographic 

characteristics of the pond and the watershed. 

(2) determine certain chemical and physical parameters 

that are known to be required for phytoplankton growth, 

(3) describe the observed relationships that exist between 

the chemical and physical parameters analyzed, 

(4) enumerate and identify the phytoplankton sampled, 

(5) explain the observed relationships between the 

major phytoplankton taxon and the chemical and 

physical properties examined, and 

(6) interpret and describe the observed relation 

between the major phytoplankton taxon. 

The physical parameters examined included temperature, 

dis solved oxygen, and Sec chi disc visibility. The chemical properties 

investigated were total hardness (CaC03). orthophosphate (P04). 

orthosilicate silicon (Si02), nitrate nitrogen (N03), ammonium 

nitrogen (NH4 +), pH and specific conductance. Also, certain selected 

morphological and hydrographic features of the pond and watershed 

were measured. 

Description of the Study Area 

The farm pond is located approximately 16. 09 kilometers 

south of Hopkinsville, Kentucky, at an elevation of five hundred and 

eighty feet above sea level, longitude 87°35', latitude 36°41' (U. S. 
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Defens e Mapping Agency, 1972). The pond was excavated under the 

dir ect ion of the U. S. Departme nt of Agriculture and Soil Cons e rvation 

S e rvic e in 1963. It was principally designed for livestock watering. 

During the investigation the number of livestock having direct utiliza

tion of the pond varied from twenty-five to thirty head of cattle. 

The pond is centered in the Robertsville, silt loam, which is 

a typically level, poorly drained, acid soil (U . S . Department of 

Agriculture, 1975). 

Immediately surrounding the pond on the western side is a 

rolling deciduous woodland and all other sides are rolling to gentle 

!)asture and cropland. Polygonum coccineum was observed around the 

shoreline in August and September. In October Lemna minor was very 

dense around the shoreline. 

The pond has a surface area of 840. 125 square meters (m) 

with a mean width of 16. 8 m, a maximum length of 50 m, and a mean 

depth of 1. 905 m. The volume of the pond is 1600. 649 (m 3) with a 

shoreline development of 1. 696. A hydrographic map is provided in 

Figure 1. 

Four sampling sites were established within the pond. Station 

I and II were centered in the deepest area of the pond. Station I was 

located on the surface and station II directly below in the bottom 

waters. Both stations III and IV were established in the surface 
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Scale: 5 millimeters = 1 meter 
Depth contour interval one meter 

Station locations: 
+ I (surface), + II (2 meter 

depth), l:i,. III, ■ IV 

Figure 1. Hydrog :c aphic map of a Kentucky farm pond surveyed in 

March 1975, Christian County, Kentucky. 
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wa t e rs with station III in the northweste rn sector and station IV in the 

southeastern sector . 

The watershed is predominantly woodland and pasture. The 

basin is drained by only one small wet weather stream into which the 

pond drains during periods of extremely heavy rainfall . 

The watershed is located in the Mississippian geological age 

and is underlaid by Saint Genevieve limestone (U. S. Department of 

Interior, 1963). 

The watershed contains approximately 95. 48 hectares with an 

average moderate land slope of 2. 6 per cent and a computed peak dis

charge of 4. 53 cubic meters per second within a 10 year frequency 

(U. S. Department of Agriculture, 1976). 

The seven soil types of the basin are listed below: 

(1) Robertsville silt loam, 

(2) Lawrence silt loam, 

(3) Bedford silt loam, 2 to 6 per cent slopes, 

(4) Crider silt loam, 2 to 6 per cent slopes, 

(5) Pembroke silt loam, 2 to 6 per cent slopes, 

(6) Crider silt loam, 0 to 2 per cent slopes, and 

(7) Baxter-Mountview complex, 6 to 12 per cent slopes, 

eroded (U. S. Department of Agriculture, 197 5). 



0 

Clima ti c F ac t ors 

The colde st month of the y ear is January with an average da ily 

t emperatur e of 2 . 2° centigrade (°C), a mean daily minimum t e mp era

ture of -3 . 3°C, and a mean daily maximum temperature of 23 . 8°C . 

The warm e st month of the year is July wi th an average daily tempera

ture of 25 . 5°C, a mean daily minimum temperature of 20°c, and a 

m ean daily max imum temperature of 31 . 1 °c. The mean number of 

days in which the temperature reached a minimum of less than 0°C is 

85 days p e r year. 

The m e an total rainfall was the greatest in March with 132. 32 

millime t e rs (mm) . The m ean total rainfall was the lowe st in Oc tob e r 

with 55 . 98 mm of rainfall . 

.All climatic data was obtained from the Fort Campbell Weather 

Station ( 1974). The location of the station is approximately eight kilo-

m eters from the study ar e a. 



CHAPTER II 

METHODS AND MATERIALS 

Sampling was conducte d on a weekly basis from 6 August 1974 

to 28 D e cember 1974, with the exceptions of 1 November 1974 and 

1 December 1974 . All field investigations were begun as near 1300 

hours as possible . A john boat was utilized in tra veling to and from 

the individual stations . 

Temperature , dis solved oxygen, pH, specific conductivity 

a nd Sec--:hi dis c visibility were m e asured at the sampling site. A 

Ye llow Springs Instrument (YSI) Model 54 was us e d to obtain the 

atmospheric temperature and a vertical profile of dissolved oxygen 

and temperature at stations I and II. Dissolved oxygen and temperature 

were both measured at 30. 48 centimeter ( cm) intervals from the top to 

the bottom of the wate r column. Dissolv e d ox ygen was expressed as 

milligrams per litr e and temp e rature as degr e es centigrade. Dissolv e d 

oxyg en measurements were corrected for t emperature and altitude in 

accordance with instructions furnished by the YSI Company. One

hundred percent oxygen saturation was determined according to the 

method of (Reid, 1961). A YSI Model 33-S-C-T meter was used to 

m easur e specifi c conductance at station I as micro-ohms per centimeter . 

Se cchi disc visibility was d e t e rmined at stations I, III, and IV by the 
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me thods of Tyle r ( 1968), with a 20. 5 cm diameter Secchi disc. All 

S ec chi disc readings, except for 6 August 1974, we re averaged fro m 

the thre e stations to obtain one value (only one reading was taken at 

s tation I on 6 August 197 4). Temperature, dis solved oxygen and 

spe cific c onductance were periodically checked at stations III and IV 

and consistently agreed with that recorded at station I. All sample s 

w e r e taken with a vertical 4. 5 litre van Dorn sampler attached to a 

graduated line (Lind, 1974). Samples for c hemic.a l analysis were 

plac ed in polyethylene bottl e s and pr epared as d e scribed by Lind 

(1974), b e for e being transported to the laboratory. All the samples, 

exc e pt fo r total hardness, wer e examine d in duplicate on the day of 

co ll e ction. Total hardn e ss was determine d by EDTA titration (Hach, 

1973) . Ammonium nitrogen was d e termine d by the Nesslerizati on 

m ethod (Hach, 197 5). The ammonium nitrog e n r eadings wer e made 

with a Bausch and Lomb Sp e ctronic 20 calorime t e r . All other analysis 

values were accomplished by direct readings from a Hach DR-EL-DC 

calorime ter and p e rformed in accordanc e with the M e thods Manual 

furnish e d by the Hach Chemical Company (Hach, 1973). All chemical 

r e sults were express e d as millig rams p e r litre. The r e was no signif

i cant diffe r ence obs e rved in the wat e r chemistry of the fo ur stations 

sample d, therefor e , all four stations we r e a ve rage d t o obtain one 

value for each sampling pe riod. Standard d ev ia t ions were computed 
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for all average values from h 1· · eac samp mg period and presented 

g raphically for comparison. 

Phytoplankton samples were also collected at all four stations 

with the van Dorn sampler. A modified method of Wollitz ( 1972) was 

used to collect and prepare the phytoplankton samples. The enumera

tion and identification were accomplished with a Carl Zeiss Standard 

W L Research Microscope, using a modified method of Lund, Kipling, 

and Le Cren (1958). Diatoms were prepared and mounted for identifi-

cation in accordanc e with the U . S. Environmental Protection Agency 

(1973) . 

The phytoplankton was identified to the species level when 

possible using the following taxonomic keys: Bloomquist and Oosting 

(1959), Cocke (19~7), Gojdics (1953), Hansmann (1973), Patrick and 

R eime r (1966), Prescott (1962 and 1970), Smith (1950), Tilden (1970), 

Web er ( 1971) and Whitford and Schumacke r ( 1969) . The taxa were 

expr es s e d as cells per litre and an averag e value was compute d for 

each from the individual stations for each sampling period. The 

average values were then converted to a log and pr esented graphically 

for comparison. Per cent composition fo r each taxa we r e also com

pute d and presented in tabular form for comparison. 

All morphological features of the pond we re determined by the 

m ethods of Welch ( 1948). 



Temperature 

CHAPTER III 

RESULTS AND DISCUSSION 

The greatest source of heat is solar radiation (Hutchinson, 

1957) • It was found that the water temperature and the air temperature 

showed a parallel decline as shown in Figure 2. Macon and Maudsley 

(1966) and McCombie (1959) pointed out that the average air and water 

temperature are related and tended to move in the same direction. It 

is apparent in this investigation that the water temperature had less of 

an amplitude of change than did the air temperature. McCombie (1959) 

found that the water temperature had less year to year variation than 

the air temperature. Macon and Maudsley ( 1966) also pointed out that 

the relationship existing between the air temperature and the water 

temperature varies according to the sunshine and wind strength. Martin 

(197 2), in a study of lowland ponds, regarded the most important 

external factor affecting the summer water temp e rature to be the hours 

of sunshine per day. He further explained that the most important 

factor affecting the water temperature in the winter to be the air tem

p e rature. It can only be speculated that this may have been a controlling 

factor in this study. To definitely establish a relationship would hav e 

r equired measuring the time and duration of cloud cover. 
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Figure 2. Surface water and atmospheric temperature of a Kentucky 
farm pond plotted against time from 6 August 1974 through 28 Decem
ber 1974. Temperature is ex.pressed as 0 c and months are represented 
by the first letter. Surface water(---) and atmospheric f--) tempera-

tures are as indicated. 
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In the winte r the s h 1. 1 . un as 1tt e warming power and a rise in 

t empe ratur e i s often associated with rain (Macon and Maudsley, 1966). 

The s t eady decline in atm h · d osp enc an surface water temperatur e was 

inte rrupted by a gradual 1· · f ncrease 1n sur ace water temperature on 

24 November 1974. This may be attributed to the heavy amount of 

rainfall received at that time. The periods of peak rainfall coincide 

with sharp drops in both atmospheric and surface water temperatures 

in August, September, and October, 1974. 

Lakes that are only a few meters in depth do not stratify 

(Moss, 1969) and (Hutchinson, 1957). Hutchinson (1957) suggested 

that the wind is important in preventing consiste nt stratification in 

shallow lakes. Figures 3 through 7 provide the weekly temperature 

profiles take n at station I. The wate r column showed a moderate to 

slight dire c t stratification; however, it was not consistent. The 

inc onsistent stratification may b e attributed to the protection from the 

wind by the woodland on the immediate western and southwe stern sides 

of the pond. M o ss ( 1969) in a study of Abbot's Pond, Somers e t, noted 

that it was thermally stratified on a s eas onal basis. He attributed this 

to the abs e nce of wind disturbance of the water column; the pond was 

shelter e d by a large woodland. The complete circulation, as observed 

on 3 Septe mber 1974, may b e related t o s eve ral factors. The sudden 

dr op in atmosph e ri c t empe ratur e coupl e d with the cooling effe ct of th e 

h t d c onvection current s that co oled the h ea vy rains may av e crea e 
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Figur e 3 . Dissolv e d oxygen and temp e ratur e of a Kentucky farm pond 
plotted against d e pth from 6 August 1974 thr oug h 27 August 1974. 
Depth is expr e ss e d as cm, t empe ratur e (---} is expressed as 0 c, and 
diss ol ve d oxygen(---) as rng/1. The heavy dark lin e corresponds to 
the diss o lve d ox ygen concentration within 3 m g/1 of 100 per c en t 

saturation. 
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Figure 4. Dissolved oxygen and temperature of a Kentucky farm pond 
plotted against depth from 3 September 1974 through 29 September 1974. 
Depth is expressed as cm , temperature (-) is ex.pressed as 0 c , and 
diss olv e d oxygen( - --) as mg/1. The heavy dark line corresponds to the 
dis solved oxygen concentration within 3 mg/1 of 100 per cent saturation . 
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Figure 5. Dissolved oxygen and tempe ratur e of a Kentucky farm pond 
plotted against depth from 5 October 1974 through 25 October 1974 . 
Depth is expressed as cm, temperature (-) is expressed as 0 c, and 
dis solved oxygen (- - - ) as mg/1. The heavy dark line corresponds to the 
dissolv e d oxygen concentration within 3 mg/1 of 100 per cent saturation. 
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Figur e 6. Di s s o l v ed oxygen and t empe ratur e of a Ken tucky farm p ond 
plo tted a gains t d e pth from 9 Novemb er 19 74 thr ough 30 Novemb e r 1974. 
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0
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dissolved oxygen (- - - ) as mg/1. The heavy dark line corresponds to the 
dissolve d oxygen concentration within 3 mg/1 of 100 per cent saturation. 
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entire wate r co lumn (Welch, 1952). The clo e 1 t· h. b d 
s re a ions 1p o serv e 

betwe en the surface water temperatures and air temperatures is a 

maj or factor in controlling the behavior of the water column. Cooling 

by evaporation was probably only of minor importance. This may be 

attributed to the warmer air above the cooler water. 

Riley (1940) found that the decrease in the plankton was 

dependent largely on low temperature and light intensity. Throughout 

the investigation the phytoplankton demonstrated a gradual decline in 

concentration. This may be correlated with the complementary decline 

in the water and in the air temperature observed. 

Dissolve d Oxygen 

Dissolved oxygen is considered to be one of the most important 

indicators of lake types. A skillful limnologist can probably learn 

more about the nature of a lake from a s e ries of oxygen determinations 

than from any other kind of chemical data (Hutchinson, 1957) • 

Oxygen conditions in a lake vary during the year, due t o 

. . 1 t "vity within the water (Happey, physical factors and the b1olog1ca ac 1 

1970a). Pol.nts out that oxygen is one of the primary Pr e scott (1962) 

d . . factors in phytoplankton ecology. limiting and etermmmg 
He further 

. the oxygen content algae act 
explains that by increasing or decreasmg 

k " d of animal life which a 
as agents in determining the quantity a nd m s 

body of water may support. 
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Figur e s 3 through 7 show the dissolved oxygen profiles taken 

at station I. The di 1 d sso ve oxygen concentration was observed to be 

greater in the surface waters than in the bottom waters on all sampling 

occasions . The dissolved oxygen in the surface waters was observed 

to be supersaturated on nine occasions. Happey ( 1970a), in a study 

of Abbot's Pool, Somerset, found that algae production maintains high 

levels of dissolved oxyg e n in the surface layers. Algae hav e the ability 

to yield oxyg e n at a rate of about 1. 6 p ounds p e r pound of algae grown 

(Bartsch, 1961) . The maximum diss olved oxygen concentration 

observed on 27 August 1974 may be attributed to a longer photosyn

the tic p e riod . Muna war ( 197 0a), in a study of ponds in India, observed 

that the longer duration of photosynthetic activities of plants in the 

summe r may pr oduc e larger quantiti e s of oxyg en. S chultz (1952), m 

a n inv e stigati on of an Ohio farm p ond, ob s e rv ed that the di ss olve d 

ox ygen p eaks w e r e a ccompani e d b y m aximum phytoplankton populations. 

This trend was not obs e rved in this study . 

On 3 Septemb e r 1974 a minimum dissolve d oxy gen c on centration 

of o. 70 milligrams litr e (mg/1) was ob s erved in the surfac e waters. 

This may b e related t o the comple te cir culation of the wate rs causing 

1 f to b e r e m oved fr om the wat e r by the absorp-arge quantities o oxygen 

Happey ( 197 0a) obser v ed that the oxygen uptake at the tion by the mud. 

Produced significant l ev e ls of oxygen depletion. 
mud-water interface 

She als o not e d that the degr e e of oxygen depletion depends upon the 
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t urbnlcnu~ of the water and mol,...c iil ·t · l' ff · " . , .r ( 1 11s1on. 

The dissolved oxygen c o , t t · . h b · · · · nccn ra ·ion 1n t e ottom waters foll 

b e low 1 mg/l during 9 of the 19 weeks sampled. The apparent dis

solved oxygen deficit in the bottom waters was possibly related to both 

physical and biological factors. During the warmer months of August 

and September 197 4 the dis solved oxygen deficit was observed to be 

greater than in the cooler months of November and December 1974. 

This may be related to the higher temperatures causing the rate of 

oxidation of the organic matter to in c r e ase; thus, large quantities of 

oxygen were used in the process. As mentioned earlier, the oxygen 

uptake at the mud-water interface may have contributed to the dissolved 

oxyge:::1 deficit in the bottom waters. It is this inv e stigator's opinion 

that th e addition of exogenous materials, such as dead leaves, was 

important in producing the dis solved oxygen deficit of the bottom 

waters . Hutchinson ( 1957) explained that exogenous o rganic materials, 

such as dead leaves, are important in the deoxyg enation of deep waters. 

Copeland and Whitworth ( 1964), in a study of four Oklahoma farm ponds, 

found that high respiration values occurr e d after a h eavy leaf fall and 

was undoubtedly caused by their decay . 
Welch ( 1968) observed, in an 

. h d tuary that the minimum dissolved investigation of an ennc e es , 

Of the bottom waters are related to the maximum 
oxygen concentrations 

phytoplankton activity. 
This same trend was demonstrated in this 

t of phytoplankton organic matter 
investigation; however, the amoun 
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that was contributed to the total oxygen demand was not known. As 

explaine d by Welch ( 1968), to definitely establish the degree of oxygen 

de pli c ition caused by the phytoplankton organic matter, an examina

tion of the total seston would be required . 

The bottom waters showed a gradual increase in dissolved 

oxygen content throughout the investigation. Again this may have been 

related to both physical and biological activities in the water. One of 

the major factors is the cooling of the bottom waters thus increasing 

the solubility of oxygen at lower temp e ratures (Reid, 1961). Another 

explanation may have been that a low e r rate of oxidation and decompo-

sition by microorganisms takes place at lower temperatures placing 

less demand on the dissolved oxygen . Mills and Alexander (1974) in an 

in vitro study found that decomposition of the algae decreased as the 

temperature was lowered. A third possible explanation may have been 

the decline in the total phytoplankton population causing a decreased 

phytoplankton contribution to the organic matter in the bottom waters, 

An inverse relationship was observed between the rainfall and 

the dissolved oxygen content. Rain may cause the runoff of oxygen 

d d th s lower the dissolved consuming compounds to enter the pon an u 

oxygen concentration (Muna war, 1970a) · 
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S ecchi Dis c Visibility 

The- importance of l1'ght as c.,11 . 
c• cnv1 ronmcntal factor can not be 

ovcr t: mphasizcd since it is the basis fo 1 l 11 b' 1 · J • • , , r a mos a . 10 og1ca a ell v1ly 

in the water (BeetoI)., 1957). Hutchinson (1957) noted that the Secchi 

disc reading represents the depth at which five per cent of solar 

radiation is transmitted. Secchi disc visibility is not an actual measure 

of light penetration but may provide a relative index when used under 

standard conditions. 

Surface runoff from rainfall normally brings large quantities 

of suspended particle s into the water causing the water to become 

v e ry turbid. Micheal (1969), in an investigation of fishponds, noted 

silt being washed in by heavy rains was the greatest cause for the 

reduction in transparency. Secchi disc readings during this study 

showed an increase in visibility during the period of low rainfall, 

from 17 September to 25 October 1974, and a decrease in visibility 

during the period of heavy rainfall, from 6 August to 10 September 

1974. This suggested that surface runoff may have occurred. The 

t d · F1·gure 8 Kielhorn (1952) mean Secchi disc values are por raye m · 

suggeste d phytoplankton content and detritus control the water trans-

par ency. 

Beeton ( 1957) has obs e rved that the distribution and producti on 

of phytoplankton are directly related to the quantity of radiant energy 

pen e trating the water . 
. . ti' gation the maximum S e cchi disc In this 1nves 
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Figure 8. Mean Secchi disc values and standard deviations of a 
Kentucky farm pond plotted against time from 6 August 1974 through 
28 December 1974. Values from stations I, III and IV were lumped 
to determine the mean. Secchi disc values are expressed as mm 
of visibility. Abbreviations are the same as in Figure 2. >~ Indicates 
the absence of a deviation. 
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r eadings corr e sponded to the minimum phytoplankton concentrations. 

The maximum phytoplankton concentration also occurred during a 

time of low Secchi disc values. However, a definite relationship can 

not be established between the Secchi disc values and the phytoplankton 

concentrations because the total seston was not measured. Chandler 

( 1944) reported that increased turbidity decreased phytoplankton pro

duction by reducing the amount of light that becomes available for 

photosynthesis. 

The low Secchi disc values pictured in Table I may be an indica

tion that the pond is rich in organic matter. Harris and Silvey ( 1940) 

related that writers have found more turbid waters to contain more 

organic matter than less turbid waters over a long period of time. 

Total Hardness 

Hardnes s is the total amount of alkaline earth present without 

r egard to the particular anions to which they are bound (Ruttner, 1963). 

Total hardness can be related to the productivity of the water, 

but the biological significance is reduced since it does not express the 

specific elements involved (Bell, 197 3) · 

The total hardness of a small lake may show a decline for a 

· an incr eas e in photosynthesis by 
short p e riod of time when ther e is 

aquatic vegetation (Tabor, 1966) · 
This relation was not observed 

total hardness content in this inves
between the phytoplankton and the 

tigation. 



'Table I. Secchi disc visibility values from stations I, III, and IV in a 
Kentucky farm pond from 6 August 1974 through 28 December 1974 
Christian County, Kentucky. ' 

Stations 
Dates I III IV 

6 Aug. ,;c3 l 1. 15 ,;c >~ 

13 Aug. 190.5 25 4 .0 254.0 20 Aug. 228.6 254.0 152.4 
27 Aug. 292. l 254.0 228.6 

3 Sept. 228.6 228.6 228.6 
10 Sept. 101. 6 88.9 127.0 
17 Sept. 304.8 304.8 304.8 
29 Sept. 457.2 457.2 457.2 

5 Oct. 431. 8 381. 0 457.2 
12 Oct. 381. 0 431. 8 482.6 
19 Oct. 304.8 279.4 304.8 
25 Oct. 304.8 304.8 304.8 

9 Nov. 279.4 241. 3 279.4 
16 Nov. 215.9 215.9 215.9 
24 Nov. 165. 1 177. 8 165. l 
30 Nov. 215.9 203. 2 215. 9 
14 Dec. 203.2 241. 3 215. 9 
21 Dec. 203.2 177. 8 203.2 
28 Dec. 190.5 203. 2 17 7. 8 

,:, Secchi disc values are expressed as mm of visibility 
,:":' Periods signify no sample taken 
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Mode rately hard water is somet1·mes defined as having a hard-

n e ss between 60 and 120 mg/l (N. T. A. C.R., 1969). 1 h". . n t 1s investiga-

tion ~he total hardness never exc d d 50 / . . ee e mg 1 as shown m Figure 9. 

This indicates that the waters may be considered moderately soft to 

soft. 

The total hardness t • . concen rat10n at all stations demonstrated 

a high degree of homogeneity over the entire investigation as shown 

in Table II. 

Orthophosphate 

Many fresh water biologists have vi ewed phosphorus as a 

limiting factor in the production of phytoplankton. Shapiro (1970) 

noted that phosphorus is usually present in freshwater in the least 

amount relative to need. Soluble phosphorus occurs in the trophogenic 

zone of lakes in two forms: in an inorganic form as orthophosphate and 

in a form that does not react with acidified molybdate called soluble 

organic phosphorus (Rigler, 1965). It is also known as an essential 

nutrient for plant growth (Kimmel and Lind, 1970). 

The three major sources of phosphorus contribution to waters 

ar e organic matter in sewage , phosphorus containing detergents, and 

phosphorus in th e runoff and drainage from farmlands (Verduin , 1967). 

Phosphate contribution to the pond from surface runoff may 

have occurred. This is based upon the heavy use of phosphate containing 

fertiliz er s on the surrounding farm land in conjunction with the observed 
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Figure 9. Mean total hardness valu e s and standard deviations of a 
Kentucky farm pond plotted against tim e from 6 August 1974 through 
28 December 1974. Values from the four stations we re lumped to 
dete rmine the mean . Total hardness is expr e ss ed as mg/1. Abbre 
viations are the same as in Figure 2. * Indicate s the absence of a 

d ev iation . 



Table II. Total hardness values from stations I through IV in a 
Kentucky farm pond from 6 August 1974 through 28 December 1974, 
Chri s tian County, Kentucky. 

Stations 

Dates I II III IV 

6 Aug. *40 50 4u 40 
13 Aug . 40 35 35 35 

20 Aug. 35 40 35 30 

27 Aug . 40 40 40 40 

3 Sept. 40 40 40 40 

10 Sept. 35 40 40 40 

17 Sept. 20 40 40 30 

29 Sept. 40 40 40 40 

5 Oct. 40 40 40 40 

30 40 35 40 12 Oct. 
40 40 40 40 

19 Oct . 
40 40 40 40 

25 Oct. 
40 40 40 40 

9 Nov. 
40 40 

16 Nov. 40 40 
31 30 35 40 

24 Nov. 
40 40 40 40 

30 Nov. 
40 40 35 

14 Dec. 40 
40 40 40 

21 Dec . 35 
35 40 40 

28 Dec. 40 

/ 1 of calcium carbonate 
,.~ Values are ex.pressed as mg 
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r e lation between the Secchi disc 
values and the recorded rainfall as 

mentioned in an earlier section. 
However, orthophosphate concentra-

tions did not appear to increase f 11 · • 
o owing per10ds of heavy rainfall. 

The addition of phosphates by agricult d · · ure ramage 1s not fully under-

stood. Numann ( l 964) and Verduin (1967) pointed out that phosphates 

are tightly held by the soil and are not eas1·1 1 h db · t y eac e y ram~a er. 

A later view is that of McCarty ( 196 7) who points out that agricultural 

lands can contribute up to 4 pounds of phosphate per acre. 

The contribution of phosphates by detergents and organic 

matter in sewage was not considered as a major contributing source 

by this investigator because of the abs ence of an effluent. 

Barica ( 1974) regarded the phosphorus cycle as being internal 

with released phosphorus being utilized by phytoplankton transformed 

into dissolved organic matter or particulate form, s edimented and 

released again to serve as nutrients for new phytoplankton cells . An 

opposing view is that muds do not provide readily available phosphorus 

(Fitzgerald, 197 O). He points out that once lake muds are depleted of 

available nutrients by plant production, further production will depend 

upon nutrients from external sources such as wastewater effluents. 

The availability of orthophosphate to the phytoplankton in this 

pond may be related to the internal cycle of the nutrient. It was 

decll·ne in the total m ean phytoplankton 
observed that after a major 

. h an orthophosphate concentration 
concentration , a sharp rise 1n t e me 
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wa s wi tn e s s e d. The m ean orthophosphate values are portrayed in 

Figur e 10. Pr e s c ott(l962)" d . 
in a stu y of Lake Erie found that s oluble 

phos phorus decreased with the seasonal 1·ncrease of phytoplankton and 

increased as the phytoplankton died and decayed. Rigler (1956) in a 

tracer study of phosphorus in lakes observed that 95 per cent of the 

phosphorus added may be removed immediately from solution and 

stored as cell components, especially by bacteria. Organic phosphorus 

compounds are released into solution from decaying organisms, taken 

up by bacteria, broken down, and inorganic phosphorus is released 

(Wyatt and Hayes, 1963). 

In this investigation it was observed that during periods of 

p eak o rthophosphate concentrations ther e we r e also complementary 

decline s in the dissolved oxygen concentrations. This may be r e lated 

to the iron phosphate complex as described by Ruttne r ( 1963). He 

noted when ferrous iron and phosphate occur t oge ther in the hypolimnion 

an insoluble ferric phosphate is precipitate d wh en oxyg en is pr e sent. 

When there is a lack of oxygen in the s e dim ent th e ir on can b e reduced 

from ferric to the ferrous form and phosphorus ca n b e r e l eased into 

solution. This may be r e lated to the maximum or thophosphate concen-

24 N b e r 1974· h ow eve r, it can not be sub-
tration observed on ovem , ' 

stantiated . 
.d the mean orthopho sphate values r e corded 

Table Ill prov1 es 

at each station during the investigation . 
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Table III. Average orthophosphate values from stations I through IV 
in a Kentuc ky farm p ond from 6 August 1974 through 28 December 1974, 
Christian County, Kentucky. 

Stations 

Dates I II III IV 

6 A ug. ):c ,:c 

13 Aug. '~0. 090 0.080 0 . 110 0:050 

20 Aug . 0. 150 0.225 0. 250 0 . 090 

27 Aug . 0 . 100 0. 185 o. 150 0.050 

3 Sept. 0. 260 0.085 0.050 0 . 700 

10 S ept. 0 . 265 0. 165 0. 145 0.600 

1 7 S ept . 0 . 115 0.065 0 . 225 0 . 060 

29 Sept. 0.050 0. 150 0 . 010 0. 100 

5 O ct. 0.050 0.050 0.035 0.050 

12 O ct. 0.020 0.020 0.020 0.035 

19 O ct. 0.050 0. 100 0 . 120 0.050 

25 Oct. 0 . 050 0 . 050 0.050 0 . 080 

9 Nov. 0. 150 0. 130 0.010 0. 125 

16 Nov. 0. 150 0 .0 70 0.080 0. 105 

24 Nov . 0 . 125 1. 700 1. 100 1. 150 

30 Nov . 0. 105 0. 125 0. 110 0. 150 

14 D ec. 0. 230 0 . 335 0.200 0.295 

21 Dec. 0 . 250 0.350 0.290 0. 250 

28 De c . 0. 150 0. 15 0 0.350 0. 190 

,~ Value s are expres sed as mg/1 orthophosphate 

,:":' Periods signify no sample taken 



Orthosi lica t e Silic on 

The c h emis tr y of silicon c ompounds in wate r is not clea r' but 

it ap? ear s tha t orthosilicate silicon 1·s th f h · · e orm t at 1s availabl e for 

diatom utilization (Lund, 1965). Th · 1· e s1 icon available to diatoms will 

b e r efe rr e d to as silica since it is this cryst 11· f h" hf a 1ne orm w 1c orms 

the g r eate r part of most diatom walls (Lund, 1965). 

The major source of silica in lakes is from decomposition of 

aluminosilicate minerals in the drainage basin (Hutchins on, 1957). 

H e subs e que ntly explained that in the pres enc e of water carbon dioxide 

r ea c ts with silicates to produce carbonates and silica. 

In this investigation the silica content was v ery inconsistent as 

di s played in Figure 11. Happey ( 1970b) in a n inv e stigation of Abbot's 

Pool, Som e rs e t, found that the variati on in the silica concentration in 

the epilimnion was considerable and that r e plac em ent was from the 

hyp olimnion. 

During e a c h month of this investigation an inverse relationship 

b e tw ee n the silica concentration and the diatom population was observed. 

Happey ( 1970c) observed large silica deple tions in the surface waters 

dur ing th e year and on e ach occasion in ass ociation with a diatom peak 

in th e phy toplankton. She also found that min e rali zation from large 

Could Provide large amounts of silica in the sedi
dia t om p opulations 

m e nt ; thu s all owing silica to be cycled in the water· 
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Figure 11. Mean orthosilicate silicon values and standard deviations 

of a Kentucky farm pond plotted against time from 6 August 1974 
through 28 December 1974. Values from the four stations were 
lumped to determine the mean. Orthosilicate silicon is expressed 

as mg/1. Abbreviations are the same as in Figur e 2. 



In thi s inv e stiga tion the b ot t 
om waters (during the m onth of 

August) containe d m o r e silica than th e 
surface waters as shown in 

Tabl..; IV . 
This may suggeS t the following: ( 1) mineralization of the 

diatom frustules, (2) release of silica from the sediment 
' 

and (3) 

diatoms are the maJ· or h · mec amcs by which silica is cycled throughout 

the p ond. 

M o rtimer ( 1942), in his experimental mudwater tanks from 

Windermere, found the silica concentrat1· 0 · d d n incr ea s e more un er 

ana e robic conditions than aerobic conditions. In this investigation 

the maximum silica c oncentration occurr e d in association with de-

oxyg enate d conditi ons in August 1974. 

Nitrate and Ammonium Nitrogen 

Nitrogen is a substance that is r e quir e d by aquati c organisms 

and usually occurs m small quantities in unpollut ed waters (Reid, 1961). 

Lund ( 1965) v i ewe d ni t r o ge n a s a major compon en t i n t h e pr oducti on and 

pe riodicity of phytoplankton and in d e t e rmining the typ e of c ommunity 

pr esent. H e also r e late d that nitr og e n is n ot c on sid e r ed as a maj or 

nutrit i onal fa c t o r as it onc e was. Alga e can us e eith e r ino rganic or 

or gani c nitr o g e n, but the in o r ganic nitr ogen i s pr efe rr e d (K eeney, 

197 3) . 

· · t· t O important fo r m s of ino r gani c nitr ogen In this m ve sti ga 10n w 

we r e con sid e r e d nitrate and ammonium . The dominant fo rm of 

. t · s ammonium n itrogen (K ee n ey, 
ammonia nitrogen p re s e nt 1n wa e r 1 



Tab l e IV. Av e rag e ortho T t · · 
. Sl ica e silicon values from stations I through 

IV m a Kentucky farm d f 6 . . pon rom August 197 4 through 28 December 
1974, Christian County, Kentucky. 

Stations 

Dates I II III IV 

6 Aug . ,:, 1. 200 3.000 0.300 1. 400 
13 Aug . 0.600 1. 4 00 0. 750 0.600 
20 Aug . 3.400 4.200 3 . 400 3.400 
27 Aug . 5.600 6.000 5.500 5.500 

3 Sept. 3.000 1. 7 50 6. 250 2.370 
10 Sept. 5. 750 2.500 2.500 4.500 
17 Sept. 0. 750 2.250 2.875 2.537 
29 Sept. 4. 750 3.250 0. 185 2. 380 

5 Oct . 7.000 3.000 3 . 625 0. 750 

12 Oct. 0.937 2.687 5.000 5.500 

19 Oct. 1. 125 2.500 3.625 2. 700 

25 Oct. 2.000 2.250 1. 797 4. 187 

9 Nov . 2.500 0.450 3.925 4.500 

16 Nov. 0 . 275 0.275 0.325 2. 750 

24 Nov . 3. 750 3.875 4.000 3.437 

30 Nov . 4.062 4. 125 4. 125 4.625 

14 Dec . 3.625 4.437 5.625 5.500 

21 Dec. 4. 750 4 . 187 4 .687 3.625 

28 De c . 3. 750 4.500 4 . 250 6. 250 

,:c Values ar e expressed as mg/ 1 orthosilicate silicon 



37 

1973) . Chu ( 1943) found all the phytoplankton he investigated could use 

nitrate nitrog e n as the sole source of · t n1 rogen . 

Hutchinson (1957) indicated that there are three possible sources 

of nitrogen compounds. The (1) · f Y are in luents to the lake, including 

groundwater, (2) precipitation on the lake surface, and (3) fixation 

in the lake and its sediments. 

Surface runoff from the surrounding c roplands may have con

tribute d certain amounts of nitrogen to the pond. This can only be 

speculated since surface runoff was n o t measured. The U. S. Depart-

m ent of Agriculture ( 1976) does not include the c ropland in the water-

shed and consequently they do n ot consider runoff from the cropland as 

a nutrient contributing source to the pond. Hill and McCague ( 197 4) 

near Alliston, Ontario, found the nitrate nitr oge n concentrations in a 

str eam near a fertilized grain field incr eas e d abov e those recorde d 

upstream . Lind (1938), in a study of B eauchief ponds Sheffield, indi

cated rainfall to be responsible for in c r eas ing the amount of nitrate s m 

the wate r. In the temperate zone ammonia i s more ab undant than 

nitrate in the rain (Hutchinson, 1957). In this inv e stigati on minimum 

nitrate and ammonium nitrogen conc entrati ons coincid e with minimum 

p e riods of rainfall. H th e Pe riod of maximum rainfall in ow ever, 

· m nitrate nitrogen concentration. 
August does not parallel the maximu 

· total m ean phytoplankton conc en-
This may be related to the maximum 

tration obs e rv e d at this time. 
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Neils on and Lewis ( 197 4) b 
o serv ed a general inverse correla-

tion between the amounts of nitrates and phytoplankton. From this 

they inferred that nitrogeno t · 1 · us ma er1a s serve as nutrients for phyto-

plankton a nd that their profuse growth had reduced the nitrogenous 

values accordingly. 

Nicholas ( 1965) in a review of nitrates regarded the atmosphere 

as the major source of nitrogen. Reid ( 1961) explained the solubility 

of gases increases as the temperature decreases and nitrogen con

centrations increase as temperature decreas es. The nitrate and 

ammonium nitrogen concentration appear e d to exhibit an inve rs e rela-

tionship to the surface water temperature during the colder weeks of 

the inv e stigation. This may hav e been r e lated to the decreased rate 

of denitrification during the colder p e ri od of the inve stigation. To 

d efinitely prove this would have r e quired measuring the rate of de

nitrification. Chandler and Weeks ( 1945) in a study of Lake Erie 

obs e rved decreased rates of denitrification in association with lower 

temperatures and increased nitrates during the winter. 

The accepted opinion is that the blue-green algae are the 

l·n surface waters and that bacteria ar e the dominant nitrogen fixers 

l
·n oxygen d e plete d wate rs and the sediment dominant nitrogen fixers 

(K eeney, 1973) . ( 1962) h measured the rates Dugdale and Dugdale ' ave 

kt . Sanctuary Lake, Pennsylvania . They 
of nitrogen fixation by plan on rn 

t of the t ota l nitrogen content. 
found the mean rate t o be one per cen 
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Findley, Findle y, and Stein ( 197 3) · 
in a study of surface nitrogen in 

Skaha Lake, British Columbia cor 1 t d Gl . . , re a e oeotrichia echinulata 

(J. E. Smith) P. Richter with . . an increase in nitrogen fixation. How-

ever, during this investigation a relat · h " ions ip was not observed between 

the Cyanophyta population and the nitrogen concentrations. Table V 

provides the average nitrate nitrogen values recorded at each station 

during the course of the investigation. 

The sharp rise in the nitrate nitrogen content in this investiga

tion was paralleled by a corresponding rise in ammonium nitrogen 

concentration as pictured in Figures 12 and 13. Both the ammonium 

and nitrate nitrogen maximums were preceeded by a decline in the 

total rr1 ean phytoplankton concentration. This may suggest increased 

organic breakdown on sedim entation of the . dead c e lls by nitrifying 

bacteria (Happey , 197 Ob}. The maximum nitrate nitrogen concentra

tion occurred in conjunction with a sharp decline in ammonium nitrogen 

and a rise in dis solved oxygen in the bottom waters. Rutter ( 1963) 

noted that in the presence of oxygen, ammonia nitrogen is immediately 

transformed by nitrifying bacteria into nitrate nitrogen. This may 

account for the sudden decreas e in ammonium nitrogen in ass ociation 

with the maximum nitrate nitrog en concentration. However, the 

· · th bottom wa ters were greater 
ammonium nitrogen concentrations in e 

· shown in Table VI. This 
than in the surface water at this tim e , as 

b the only factor involved in the 
indicates nitrification may not have een 

increased nitrate nitrogen concer_t:-ation. 



Table V. Average nitrate ·t 
. ni rogen va lues from stations I through IV rn a Kentucky farm po d f 6 A 

. . C n ram ugust 1974 thr ough 28 December 1974, Christian aunty, Kentucky . 

Stations 

Da tes I II III IV 

6 Aug. ".co . 66 0 0. 924 0.440 0.264 13 Aug. 1. 232 0.528 0.528 0.462 20 Aug. 0.528 0. 792 0.484 0 . 374 27 Aug. 0. 572 0.528 0.836 0.462 
3 Sept. 0.418 0 . 396 0 . 409 0 . 484 

10 S ept. 0.528 0.484 0.418 1.254 
17 Sept. 0.506 0 . 418 0. 418 o. 396 
29 S e p t . 0. 528 0.308 0.440 0.374 

5 O ct. 0 . 484 0 . 374 0. 396 0.352 
12 O ct. 0 . 352 0.275 0.264 0. 264 
19 O ct. 0.352 0.352 0 . 264 0.440 
25 O ct. 0.264 0.418 0.506 0.484 

9 Nov. 0.308 0.352 0.440 0.264 
16 Nov . 0.462 0.528 0.594 0.308 
24 Nov. 0.451 0.616 0. 704 0 . 660 
30 Nov. 0. 946 0 . 880 1. 100 0.902 
14 D ec . 1. 848 1.870 2.046 1.980 
21 Dec. 2.530 2. 112 2.420 2.288 
28 Dec. 2. 860 2.915 2. 750 2.750 

~' Values are expressed as mg/1 nitrate nitrogen 
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Figure· 12. . Mc.;an nitrate nitrog e n va lu e s a nd standard d eviations of a 

Kf' ntucky farm po nd plotted against time from 6 August 1974 thr ough 

28 De cc m b e r 197 4. Value s fr om th e fo ur stations wer e I umped tu 

detc·rmin£• th e m " a n . Nitrate nitrogen is expr e ss e d as mg/l. Abbrc: 

via ti on s ar e the sam r..! as in Figure 2 . 
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luinp(;d lo de:terminc the m e an . Am monium n i troge n is expr essed as 

ing/ I. Al;IJr1·viations a r e th e same as i n Fig ur e 2. 



l .d1l 1 VI. /\ ,· r,.,,. · . ,-.. ,t111111,1 nll1111 nit r , I 
111 a KPnltll k t ,gen v.:l uc·R 

Y rlrll) P'>nd frorn l.9 s . . 
brr l 74, Ch ri s tian Coun t K pti mb c r Y, C'ntucky . 

rrolll HlationH I thr o ugh 
1974 through l.8 Dccem-

Stations 

Dat(' s I II III iv 

2.9 Sept. ,:q_4 12 ,:c,~ 1.0 32 0.877 

5 O c t. 2.480 1. 148 1. 206 0 . 703 

12 O c t. 0.599 1. 341 1. 070 1.264 

19 O c t. 1 . 380 1. 090 1. 322 1. 032 

25 O c t. 1. 283 1. 322 1. 148 1.3 9 3 

9 ov. 1. 741 1 . 496 1. 283 1.283 

16 Nov . 1 . 909 1. 960 3.083 2. 115 

24 Nov . 2 . 547 2 . 676 2 . 844 2 . 954 

30 Nov . 3 .4 3 1 4 . 024 4. 179 3 .676 

14 De c. 4.450 4. 74 7 4.515 4 .076 

2.1 D .•c. 3.680 4 .515 3.870 3.870 

28 De c. 3 . 483 3. 34 1 3. 818 3 . 483 

:· V;iluc•s ar e e xpressed as rng/1 ammonium nitrogen 

-~ · P e r iod s signify no s a mple taken 
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lt Sf'erns <l ppa rcnt thr1.t 0 11 0. s ingk factor is n ot responsible for 

th e- incrc•asc '. d or dc '. lTl~a:,;c•d niti--ltc· · I •· · 
• · · ' "IH ,unmon1um nitrog e n concentra-

ti on s observed during the investigation. 

A• P • H •A• ( 1971) r ega rds the presence of ammonia nitrogen 

in raw surface wate rs as uncommon and indicates domestic pollution. 

The high con centrations of ammonium nitrogen may be related to the 

dir ec t use o f th e pond by cattle. 

The av e r age nitrate nitr oge n concentration exceeded 1. 0 mg/1 

from 3 0 N ove mb e r through the e nd o f the study. Patric k (1948) des-

c rih c d l:utrophic waters as having nitroge n conc e ntrations of 1. 0 to 

2. O mg/ J. From P at ri c k's view p o int, the pond may b e classifi e d as 

eutrophi c . 

Hydrog e n-i on conc e ntration (pH) has two important limnological 

d ( 2) as an index of g e n e ral environva 1 uc-s: ( 1) as a limiting factor an 

m e ntal conditions (W e lch, 195 2) • 

A s r e pr esente d in Figur e 14, th e pH gen e r ally s h owe d a gradual 

d e c lin e thr o ugho ut the inv e stigati o n . 
Tabl e VII pr ov id e s th e m e an pH 

values r ecord e d a t eac h station. 

o f Mi c hi gan Lak e r ema rked 
W a de ( 1949) in an in ves tigation 

pH is also l ow due t o th e 
wh e n phytoplankton p o pulati on s a r e l ow, 

di oxid e in th e wate r; whe n phytoplankt on 
large amounts o f carbon 
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Figu r e 14 . M e an pH values a nd standard d e viations of a K e ntucky 

farm p ond pl o tt e d against time fr o m 6 August 1974 through 28 D ec em
b e r 1974 . V a lu e s from e ach of th e four station s w e r e lump e d t o 
d e t e rmin e th e m e an. Abbr e viati ons are th e sam e as in Figur e 2. 

,:, Indi c ates the abs e nce of a d e viati o n . 



Ta bl e VII. pH value s from stations I through IV in a Kcnt11cky farm 
pond from 6 A ugust 1974 throLtgh 28 December 1974, Ch ristian County, K e ntu c ky . 

Stations 
Dates I II III IV 

(> Aug. 7. 3 6 . 6 _7. 3 7.2 13 A ug. 6 . 9 6 .9 7 . 2 7.4 20 Aug . 7.0 6 . 9 7. 8 8 . l 27 A ug. 7. 6 6 . 6 7. 0 7, 6 3 Se pt. 6 . 6 6 . 6 6 . 5 6 . 5 10 S e pt. 7. 3 6 . 3 6 . 9 7 . 3 17 S e pt. 6 . 8 6 . 6 6 . 6 7.2 2 9 Sept. 7.2 6 . 8 6 . 5 6 . 4 
5 Oct. 6 . l 5 . 8 6 . l 6 . 1 

12 O c t. 6 .2 6 . 2 6 .2 6 . 2 
19 Oc t. 6 . 3 6 . 2 6 . 3 6 .4 
2 5 O c t. 6 .4 6.2 6 .4 6 . 4 

6 .4 6 .4 6 . 4 6 . 5 9 Nov. 
6 . 4 6 . 4 6 . 5 16 Nov . 6 .2 

6 , 0 5.9 5 . 9 6 . 0 24 Nov. 
6 . 1 6 . 1 30 Nov. 6 . 1 6 . 1 
5 . 5 5.4 5 . 3 5 , 3 14 D ec . 

21 D e c. 5 . 4 5 . 6 5 . 6 5 , 9 
28 D ec . 6 . 4 6 . 4 6 . 4 6 .4 
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Populati ons incr ea s e , th e H · · 
P rises with the precipitation of monocar-

b onates. 

In this investigation the maximum and minimum mean pH values 

appear to be r e lat e d to p e ri ods of high and low phytoplankton conc e ntra

tions . Yongue and Cairs (1971) in a study of a micro-habitat postu

lated pH increases with temperature; the increase is associated with 

the app earanc e and subsequent growth of algae. In .this investigation 

the maximum m ean pH va lue coinc ided with the maximum surface 

tempe rature. This relationship could possibly be due to a high con

centratio n of phytoplankton present at that time . Neilson and Lewis 

( 1974) also observ ed a gradual increase in the pH as the phytoplankton 

in c reased. 

Specific Conductance 

S 'f' d t ce 1·s a m easur e of the waters capacity to p ec1 1c con uc an 

(L . d 1974) He further related tha t the conduc t an e l ectric c urrent 1n , · 

'f' ductance to the limnologist is th e estima-greatest value of spec1 1c con 

tion of the t otal concentrati on o f diss olv d ionic matte r in the water 

which is r elated to water fertility. 
Smith (1962) explained the relation-

t . of solutes and conductivity is not linear 
ship between the c oncentra ion 

and varies for differ e nt ele c trolytes· 
He also noted that the conductance 

. t d with temperatur e . The specific 
of e lect r olytes is dir ec tly associa e 

. 1 are p ortrayed in Figure 15 . 
d d at station conductance readings recor e 

t appea rs to b e related 
f th surface wa er 

The specific conductance O e 
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Figure 15. Spec ific conductance rec ord ed at station I of a Kentucky 
farm pond plotte d against tim e from 6 August 1974 thr ough 28 Decem
ber 197 4 . Spec i fic conductance is expr ess ed as µmho/ cm. Abbrevia

tions are the sam e as in Figur e 2. 
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to the surface water temperatures; with the specific conductance read

ings parallPJing 
th

e surfa,(• watc·r t(•rnp e ratnrc~s. Howev e r, on 10 

Nov e mb e r 
1

9
74 

th e r e was a marke d incr ea s e in the specific conductance 

in association with declining temperatures. This reading may have 

resulte d from a d ec rease in the total m ean phytoplankton concentration . 

Park and Curl ( 1965) observed an inv e rs e r e lationship between photo

synthe tic activity and specific conductance du e to transformation of 

bicarbonate ion to the carbonate ion and carbonate t o bicarbonate by 

respiration. 

Pr ecipitation 

Th e month of August r ece iv e d th most rainfall duri ng the in-

ves tigation with a total of 271. 25 mm and a daily average of 8. 73 mm 

of rainfall. The m1n1mum · · amount of rainfall was r ecorded in Oc tob er 

with a total of 36 . 64 mm and a daily average of 1. 17 mm, as portrayed 

in Figur e 16 . 

Phytopla nkton 

observed was r e pr ese nt e d Th e total phytoplankton popula tion 

. . . d . the inv estigation . by fiv e s e parate d1v1s 10ns unng 
The five divisions 

were r e presented by a 

taxonomic forms. 

t e ight taxa and four unidentifiable total of seven y-

in lakes is extr eme ly 
The concentration of phytoplankton 

d f thousands to tens occur in the hundr e s o 
variabl e, but the algae can 
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Figur e 16. Total weekly rainfall of a K entucky farm pond plotted 
against time from 6 August 1974 through 28 Decemb e r 1974. Rainfall 
is e xpr e ss e d as mm . Abbr ev iati ons are the same as in Figur e 2. 
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of millions of ce lls p e r litr e (cell /1) (P 
s ennak, 1946). In this inv e sti-

gati on the maximum t otal mean ph t 1 k 
Y op an ton concentration was ob-

s e rv e d o n 27 August 1974 with 998,137,152 
c e lls/1. A minimum 

tota l mean phytoplankton concentration of 20,570 cells/1 was observe d 

on 19 O ctob e r 1974 . 

The h orizontal distribution of th e phytoplankton was slight, 

with a ll the surface stations having approximate ly the sam e concentra 

tion . In small lakes the horizontal distributi on of th e phytoplankton is 

c haracteristically unifo rm (R ound , 1965). 

There was a noticable variation in the vertical distribution of 

the phyto plankton obs e rved . Th surfac e waters consistently demon-

strate d higher concent ra tions than th bottom waters during the p eak 

phytoplankton concentrations . Round ( 196 5) further pointed out that 

variations in th e vertical plan e are c haracteristic of all lakes. More 

ove r, ce ll numb e rs ris e in th e epilimnion, so long as othe r limiting 

factors d o not inte rfe r e . 

Chlorophyta 

P opula tion r eveale d a general d ecline in con
The Chl orophyta 

August through 30 Nov ember 1974 as evidenced in 
centration fr o m 27 

Figur e 17. 
ted by 23 taxa and 2 unidentifiable 

The division was r ep r e s e n 

r e pr e senting the division at any one sampl
form s . The numb e r of taxa 

16 
d 24 Novembe r to 12 taxa on 29 

ing time ranged from ze r o on an 

S e ptemb e r 1974 . 
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Figur e 17. M ean phytoplankton coun ts of the division Chlorophyta from 
a Kentucky farm pond plotte d against tim e from 6 A ugust 1974 through 
28 December 1974. Counts ar e exp ress ed as cells/litre {log). Values 
were averag e d from e ach of th e four s tati ons except where indicated (1~}. 

Abbrev iations are the same as in Figur e 2. 
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Table VIII provides the a 
verag e per cent composition of phyto-

plankton of the division Chlorophyta. V 
olvox species (sp.) Linnaeus 

was the dominate taxon during the month f A 
s o ugust and September. 

The large numbers of Volvox 6 b 
___ . P· may e related to mechanical injury 

during the counting process, causing the colony t o fragment. Volvox 

t e rtius Meyer was the most persistent representativ e of the division. 

It was pr e sent in 14 of the 19 weeks sampled. 

Wh en th e Chlorophyceac w e re in th e greatest abundan ce th e 

pH ranged from 6. 0 to 7. 4. Phillips and Whitford (1959) in an investi

gation of Boone Pond, North Carolina, observed that the Chlorophyc ea e 

w e r e the most abundant when the pH ran ged from 6. 4 to 7. 0. Gorham 

( 1965) r e late d the Chlorophyceae prefe rence fo r a relatively low pH 

may be the manifestation of a high carbon dioxide demand. 

According to Rawson ( 1956) the number of species of Chloro-

coccales may exceed the numb e r of species of Desmid eaceae in 

eutr ophi c waters. The only d e smid observed was Nctrium inte rruptum 

(Br c sbi ssion) Lutk emuller whi c h occurr ed in only v r y small numb e rs 

on 19 October and 28 Dec e mb e r 1974 . Strom ( 19 24 , a s reported by 

S E tt 197 4) indi cated the absence of desmids 
take r, Hoshaw, and vere , 

. . d waters as an indication of eut rophica-
can be expecte d 1n contaminate 

tion. 

. be an indication of a ris e 
The large Volvocine population may 

'b d by Munawar (1970b). 
in organic matter as des e n e 

During the zenith 



Tabl~ VIII. Per cen t com p osi tion o f th e di v is ion Chlorophyta from stations I through IV in a Kentucky farm pond from 6 Augu.st 1974 
through 2 8 D ecember 1974, Christian County, Kentucky. 

Taxon 

Ank istrodesmu s ( f al c at u s?) 
(Corda ) Ra lls 

Coelastrum m.icropor •.Jm 
Nae geli 

o/ A 13 / A 20 / A 27 / A 3 / S 

C o ela.str · .. irr. soh a e r ic ·.1m 
Nae gel, 

2. 0 l 0 , 11 

Cr ucigenia q ·.1 a.drata 
M o rr en 

Cru c i ge n,a r e c ta ng ul ar1 s 
(Bra un) Ga y 

K e ntrospha e ra ( gloeoph i la?) 
(B oh lln) B r unnthaler 

Kir c hn e n ell a s p . 
Sc hm,dle 

M i c r oa p o ra sp . 
Th u r e t 

0 . 0002 

o. 02 

o. 0 1 

Samp"ling P eriod 

10/S 17 / S 29/S 5/0 12 / 0 19/0 25/0 9/N 16 /N 24/N 30/N 14/D 21/D 28 / D 

*O. 07 

0 .02 

0 .01 

0 . 06 4. 16 

0,7 6 

1. 44 

2 , 88 



Table VIll. ( con t i n u ed ) 

Taxon 6 / A 

N etr ium in te rr uptum 
(Br e b ission) L utke m ulle r 

S ce n e d esmu s abunda ns v a :r . 
br ev1ca uda G. M. Smith 

S ce n e d esmus arrn.atu s 10 . 7 8 
( c fi oda t) C. M . S mith 

S c enedesmus q uad:r ic a uda 
I u:r p in 

S cenedesmu s sp. M e y e.r 

S e l en,a.atrum minutu m 
· ( Naegeli ) Co1l ,ns 

S elenas trum sp. 
Reina ch 

Spirogy:ra ■ p. Link 

Tctraedron m u ti cu_m 
(Braun) Han ■ g i rg 

l. 16 

0.9 5 

13/A 

0. 53 

o. 1 3 

20/ A 2 7 / A 

o. 19 

3/ S 10 / S 17 / S 2 9/S 

o. 31 

o. 02 

0 . 06 

0 . 0 8 o. 11 

o. 16 0 . 3 0 

o. 21 

Sampl i n g P er iod 

5 / 0 12 / 0 19/ 0 25 / 0 9 / N 16/ N 24 / N 30 / N 14 / D 21 / D 28 / D 

1. 15 0.04 

0. 3 0 

1. 66 2 . 65 5 . 77 0 .06 

1 o. 7 0 58.35 18. 6 0 

\.11 
\.11 



Ta !:> le V Ill , ( con tin ue d) 

Taxon 

:- c : ra eC.:-07'". ':--.astr ...:.n1 ,· ar . 
:,a, at cc."n' (S c :1 r:1id le\ 
_ c :r~ .. e r :-na:-. 

- . .., . ·. :- ...:-: : c -. e :- :- . ff). a 

·..::-1.:".:c:-.: jia.':)l e s ::'1 g le 
= e ~: 

·: o i· ·ox te:-t : . s ~le -.· • r 
~ a "; c.t c c coio c. ; 

T ota~ 

o/ A 

3 . 30 

2 . 2 1 

2 0 . 9 1 

13 / A 

0 . So 

4 5 . 85 

i . 3 2 

1 o . 2 8 

:, . 5 0 

?.O JA 27 / A 

o. 0 3 0 . 0001 

92 . 2 ➔ 9 4 

2 . 24 o . 01 

4 . 79 o . 03 

• 49 0 . 98 

Sampling P er iod 
3 / S 10 / S 17 / S 29 / S 5 / 0 12/ 0 19/ 0 25 / 0 9/N 16/N 24 /N 

0 . 003 

0 , 60 2 . 96 

2 . ,0 

o . 4 o . 15 1. 7 oz. 8 7 

o . 31 o . 5 3 l . 7 7 1. 36 o . 5 4 0 . 0 1 o. 03 

0 . 4 1 0 . 8 7 

0 . 00-1 

9 7 . 3 9 2 . 30 o . 5 1 9, .4 8 5 . 82 4 . 4 5 12 . 60 0 . 54 O. O J 0 . 09 

1
~ Repre s ent s t h mean \.· al ·J o! t h e (our stations for ea. ch samplin 1; period 

30 / :-J 14 / D 2 1 / D 2 3/ D 

l 0 . 6 2 

l . 42 O. Ou o. 09 

12 . 12 58 . 7 1 29 . 35 

u, 
CJ' 
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of the Volvocin e population in Au t 
gus ' nitrate nitrogen and orthophos-

phate concentrations were characte · t· 11 ns ica Y low. Prescott ( 1962) 

viewed the Chlorophycean lake as havi .. ng a minimum of nitrogen and · 

phosphorus; furthermor e, he r e lated that they seldom, if ever, formed 

a bulky bloom. 

O'Brien and De Noyelles (1974) in a nutrient enrichment study 

observed that large phytoplankton species are generally not grazed by 

zooplankton. The ungrazed species might be expected to exhibit larg e 

concentrations paralleling the nutrie nt concentration. This may explain 

why the Chlorococcales did not become abundant. Patrick and Straw

bridge ( 1963) in a study of the pr edator-pr ey relationship observed 

that in a highly competitive system with many steps in the food chain 

the pr edator-prey r e lationship is more eff tive. This t nds to pr e 

vent any species from becoming too num rous. Th possible rol 

played by the zooplankton in regulating t he phytoplankton would only be 

conj ecturable, since the zooplankton were not exami n ed . 

Spirogyra Sp. Li
.nk was the only C onjugate to achieve dominance . 

On 21 Decemb e r 197 4 Spirogyra sp. represented 58 . 35 per cent of the 

. f l37 210 cells / 1. Pr escott (1962) 
total mean phytoplankton population ° ' 

d · shall ow water rich in 
note d that some species of Spirogyra are faun m 

nts of d ecaying vegetation . 
. h there are large amou 

organic acids and w e re 

of leaf litte r and possibly large amounts 
The study pond had an abundance 

suitable habitat fo r Spirogyra sp . 
of organic acids making it a 
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Cyanophyta 

The division Cyanophyta was sporad1·c 
in appearance and was 

only pr e s e nt in nine of the 19 w eeks s 1 d , 
amp e as shown 1n Figure 18. 

The numb e r of s e parate tax a pr e s e nt d · 
unng a ny one sampling per i od 

r a n ge d fr om z e r o on nin e oc ca s ion s to fo ur ta 3 S b xa on eptem er 1974. 

The division was r e pr e s e nt e d by 11 diffe r ent taxa during the inve sti

gation . 

The ab se n ce of l a r ge numbers of Cyanophyta and Chrysophyta 

may b e r e lat e d t o the softn ess of the water. Prescott (196 2) r emarke d 

t hat Cyanophyta a nd Chr y sophyta ar typically found in hard waters. 

Va n ce ( 1965 ) explained that larg e numbers of Cyanophyta are 

p resen t only in wate r s with h igh organic matter . The Cyanophyta on ly 

achieved d ominance on ce d uring the in e s tigation and that was during 

a period of l ow E u g l enophyta growth on 5 0 tober 1974 . Th dominant 

Cyanophyta taxa we r e Anacystis sp . Mcneyhinie a nd Anacystis marina 

Dr o ue t and Da ily . Both taxa com pos d 66. 38 per cent of 108, 157 

cells/1 of th e total mean phytoplankton population as shown in Table IX. 

V ance ( 1965 ) also explained that certain species of Euglena 

C h t Th e Euglenophyta were abundant 
may inhibi t th e growth of yanop Y a. 

h b n r e sponsible for the low 
throug h ou t the s u rvey and may ave ee 

Cyanophyta p op ulation. 
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Figur e 18. M ea n phytoplankton counts of th divisi o n Cyanophyta fr o m 
a K ntucky farm pond plotted against time fr om 6 August 1974 throug h 
28 December 1974. C ounts a r e expressed as ce ll / litr (log) . Values 
wer e averaged from eac h of the four stati ons exc e pt where indicated ( *). 

Abbr ev iations ar e the same as in Figure 2 . 



Tab le IX. P e r c en t c omposi t ion of th e d iv ision Cyanophyta f r o m stations I through IV in a K e ntu c ky farm po nd from 6 A ugus t 1974 
th r o..,gh 2 8 D eccmb, r 1974, Christian County, K e nt u c k y . 

T a ..xon 

A na e , · s t ~ s ~ ,· a ne a 
Dc o.e~ 
Da : : ·.-

A na .:·. s t is ::-. .:::: er ta 
D : 0 .e-a-;:::cr

Da .:-. 

A · a c-. st.s ,.a: t:--, a 
D:o .~tar.Cr 
Da .. ,· 

A :a \S:.s un tana 

o/ A 

'' I . 9 0 

( L .• • L: ot ) Dr o ., ct 
a -.': Da \~ .. 

A -, a .... ·. s:.' : .r:- rnal1• 
{\'. ,· -: ·2:.,-, ,\ Or o 1ct 
a·c Da . l\ 

A n a .. -. St LI ,o . 
~t . .,t-Qn1n1 

C o ... ( oci'-. o r.a sp . 
S?c~ ~2r l 

Spir a l:--. a laxa 
G. :--::-5i . 1th 

13 / A 2 0/ A 

Sampling Period 

2 7 / A 3 / S 10 / S 17 / S 29 / S 5 / 0 12 / 0 19 / 0 25/ 0 9/N 16/N 24 / N 30 /N 14 / D 2 1 / D 

o. 01 o. 12 

0 , 44 

3 3 . 18 

0 . 2 1 

0 . 20 

0 . 01 3 3 . 20 

0 . 03 

o. 12 

28/D 

O' 
0 



Table IX . (C ontinued) 

Taxon o / A 13 / A 2 0/ A 27 / A 3/ 5 10/S 17/S 29/5 5/0 

Sp i ral i na pn r.ce ps 
(W es t and W es t ) 
C . s . W est 

Sp i ral ina sp . 0 . 02 
Turpin 

t.: nident i.!iab l e c olony 

T otal I. ') 0 0 . 07 0 . 21 0 .2 0 6 . 38 

" Rcpre1c,..t1 he m ean , ·al u o( t h e ( o rat t1 o n1 !or c c h aamplin p r1 od 

Sampling Period 

12 / 0 19/0 25 / 0 9/N 16/N 24/N 30 /N 

I. 25 

0 . -14 l. 37 

14/D 

0 . 30 

0 . 42 

21 / D 

o. 38 

o . .38 

28/ D 

O'..... 
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Euglcnophyta 

The Euglenophyta p opulation was 
r epr ese nted by six ide ntifiable 

taxa. They and the order that includes th . d . . 
e um entihable species is 

shown in Table X. 
The division was represented in all the samples 

examined and it was the dominant division of the 
total phytoplankton 

population in 10 of the 19 weeks sampled. 

The maximum Eugle no h t 1 · P Y a popu at10n occurr ed on 9 November 

1974 r e presenting 99. 59 per cent of the 1,944, 057 . 5 cell s / 1 of the 

total m e an phytoplankton population. 

Periods of maximum Euglenophyta development were associated 

with maximum orthophosphate concent rati ons and gen rally low dissolv ed 

oxygen concentrations . Figur e 19 r epr esents th e mean Euglenophyta 

population thr o ughout the investigati on . Muna war ( 1970b) in a s tudy of 

s everal p onds in India observed the Eugl nale s in ass ociation with th 

oxygen - iron -phos phate complex . The unid ntifiabl Eu lenal s we r 

the most persisten t in occurrence thr oughout th study . 

In a study of L ake Louis e, o rth Carolina, McCoy (1970) foun d 

a pos itiv e c o rr e lation betw een populations of Trachelomonas sp. and 

inorganic nitrogen. The above correlation was no t observed during 

this inv es tigati on. 

. d t that the presence of all essential 
Vanc e ( 1965) p ornte ou 

r apid g r owth of any of the algae . 
e lements may net r es ult in the 

He 

P
lay a role in the development of 

suggested that o rganic substances 



Table X. P er ce nt composition o f-th e division Euglenoph y ta from stat ions I thr ough IV in a K e ntucky farm pond from 6 August 1974 
through 28 D e cembe r 197-l, Christian Cou nt y, K e nt ucky . 

Sampling P e riod 

Taxon o / A 13 / A 2 0 / A 2 7 / A 3 / S 10 / S 17 / S 2 9/S 5 / 0 12 / 0 19 / 0 25/ 0 9/N 16/ N 24/N 30/N 14 / D 21 / D 

Euglena ~ 
Ehrenber g * I .-! 3 1. 12 0 . 05 o. 0 -! 1. 5 1 o. 7-! o. 01 0 . 03 

E ugl e na sp . 
E h r enber g I 1. 19 

P ha cu s (he l ik o r 1des ?) 
~ oc h m an n 

0 . 0 I 

Pacu s o r bi c !an s 
---H u ebne r 0 . :, 7 0 . 8 

Pha cu a sp . D .1 _,ar d 1n l . 7 2 0 . 0 3 0 . 0 7 o. 21 0 . 02 0 . 90 

T r a chclomon a a s p . 
Eh r e:1b e r g 5o . 1 8 . 7 0 . 10 0 . 0 1 1. 88 88 . 0 85 . 75 l . 15 I . ·13 

t: n 1d e nt Li1 a b\e 
E !(lenal • l :, . 3 -1 22 . ~ 0 . 00 1 o. 39 t> . 18 0 . -1 7 0 . 86 15 . 36 b l . 0 4 84. 18 99 . 5 6 99 . 5 8 72 . 4 8 96 . 98 7 6 . 38 I 1. 6 I 

T o tal , :, . 84 3 1. 7 -! o. 18 0 . 0 11 2 . 3295 . 7 87 . 17 2 . 0 4 12 . 32 l . 2 6 b I . 0 4 8 4 . 18 99 . 59 99 . 58 72 . 4 8 90 . 98 7 6 . 38 11. 6 1 

" R cp r eac:'\la tnc me a n\ al u c of t he Co r a t t 1ona fo r ch aampli n g p nod 

28 / D 

15.49 

IS. -! 9 
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Figure 19 . Mean p hytoplankton counts of the di is i on Eugle nophyta 
from a K entucky farm pond plotted against time fr om 6 August 1974 
through 28 D ecemb e r 1974 . Counts are expr e ss e d as cells / litre (l og) . 

Val ues we r e average d from each of t he four stations xc e pt wh e r e 
indi cated ( :.'<). Abb reviati ons ar e the same as in Figur e 2. 
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large populations . Graham and Mee ( 19 ) . oy 74 m a laboratory study 

of Trachelomonas hispida (Perty) St · 1 em re ated that large numbers of 

Euglenales are associated with high dissolved organic content. The 

d ev e lopment of the Euglenale s population as a result of organic content 

can only b e sugg e sted because organi c pr oduction was n ot m easur e d. 

Chrysophyta 

The Chrysophyta populati on was r e pre s ented duri n g the inv esti

gation by the Chrysomonadales and the Bacillariophyc ea e . The 

Bacillario phyc e ae wer e enumerat ed as ei th e r th e C entr obacillar io-

phyceae or the Pennatobacillario phyceae as shown in Tab le XI. 

The Centrobacillari ophyc ea e we r e r e presented by Cyclote lla 

sp. Kutzing on nin e oc casions a nd by M elosi r a sp . Agardh on on e 

occasion . 

The P cnna t oba c i llar i ophy cea we r r pr s nled by 39 s pa r ate 

taxa . Syne dr a ulna (Nitzsch) Ehr e nb er was th e most pe rsi st nt 

r epr e s entative of th e Chrysophyta populat i on . It was r e p r e s ented in 

16 of th e 19 w eeks sample d. 

1 W
e r e r e pr esented by Dinobryon sertularia 

The Chrysomonada e s 

Ehr enb e rg on 16 Novemb e r a n 
d 24 Novembe r 197 4 . 

ul t' indicated a general increase in 
The Chrysophyta pop a i on 

shown in F i gur e 20. An 
concentration thr ou ghout th e inveS tigati on as 

. s t b etween the Ch r y s ophyta popu
inv e rse relationship was fouu d to e x i 

t emperature. 
lation and the surfac e water 

Chandle r ( 1944) in an 



Taole XI. P e r ce nt composition o f th e divisi on Ch r ysophyta fr om stations I throug h IV in a K e ntu cky farm pond from 6 A ugust 1974 
through 2 8 D ecember 197 4, Christian Count y , K e ntu c ky. 

Sampling P e riod 

Taxon o/ A 13 / A 20 / A 27 / A 3 / S 10 / S 17 / S 29 / S 5/ 0 12 / 0 19 / 0 25/0 9/N 16/N 24 /N 30/N 14 / D 

Baci llar iophyceae 

C e'1t r oba c ill a r io phy ce a e * 0 . 13 0 . 004 3 . 50 0.71 I. 29 0 . 30 3 . 73 

Pe C1C1 at obaci l Jar io -
? hx.:e a e 0 . 32 2 . -+ 8 0 . 29 0 . 0003 o. 15 I, 33 5 . 45 0 . 2 6 11.30 69 .1 0 24 . 19 11. 6 6 0, 37 0 . 6 7 20. 70 I. 6 5 7. 35 

C :-, n · s o m o C1adales 

D i. :1.ol,::, r , · on se rt u laria 
t ~'ir~nbe r g 3. 66 6 . 5 2 

21 / D 2 8/ D 

o. 73 2.06 

28.5 6 53 . I 0 

Tota l 0 . 32 2 .4 8 0 . 29 0 . 0003 o. 15 I. 4 6 5.45 0.264 11. 3072 . 60 24.90 12 . 95 0 . 37 4 . 33 27.52 l. 65 11. 08 29.29 55 . 16 

<o Rcpr 1ent1 t h mea n v l u c o f th £ou r atat 1on a {or e c h s mpling period 
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Figur e 20 . Mean phytoplankton counts of th divi sion Chrysophyta from 
a Kentucis:y fa rm p ond plott e d against tim e from 6 August 1974 through 
28 De c emb e r 1974 . Values ar e expressed as ce ll s/lit r e (log) . Values 
we r e av e rage d from each of the four stations ex c pt whe r e indicated (*). 

Abbr ev iati ons ar e the same as in F igure 2. 
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inv<'stiga tion of weste rn L k E 
a e r ic obs e rv e d that a s 

the wat~r t e mpe ra-
turc d cc n !,U; e d lh1~ Chrys o phy ta 

1 
. 

p o pu al.io n in c r <\a.s ,: rl . Patri ck ( l 94 H) 

pres ente d a different vi e w. Sher k 
cmar s that Chryr;ophyta growth is 

directly related to temperature. 

She further noted that it is th · 
e ni t r a t e form of nitrogen which 

is preferred by the Chrysophyta A 1 · 
· corr e a tion between the nitrate 

concentration a nd Chrysophyta population wa s not obser v ed during the 

investigation. 

The maximum Chrys ophyta pulse occurred in conjunction with 

th e p eak orthophosphate con cent r ation of 24 Nov mb r 1974 . 

Macke nthum, Keup , and Stewar t ( 1968) in a study of Lake S ebasticook, 

Maine, observed a direct asso c iati on between th soluble phos phorus 

and the phytoplankton activity . 

Muna war ( 1970b) c orre late d the Chrys ophyta population with 

organic content. He furthe r pointed out Synedra ulna developed in 

large numbers in wate rs pollute d fr om animal origin . This may 

explain the persistent occurrence of Synedra ulna throughout the inves 

tiga tion b e cause th e study p ond ha s been dir e ctly utilized by cattle 

sinc e it was excavated . 

Pyrrhophyta 

r e presented during the entire 
The division Pyrrhophyta was 

d . lla (Mueller) Dujar din as 
. C t ·um h irun m e investigation by only era 1 

1 s present fo r 13 we e ks 
C t ·um hirundine l a wa shown in Table XII. era 1 ~=--=:;__---



Tab le XU. P e r c en t c ompo s i t ion o f t he d i , · i si o n P y rr ho phvta f r om stat ions I th r ough I V in a K e ntu cky far m po n d from 6 A ugus t 197 -t 
thr oug h 2 8 D ece mbe r 19 7 -l , Ch r ist ian C o nt y, K e n tuck y . 

Sampling P eriod 

Ta x.or. 1 3 A 20 / A 27 / A 3 / S 10 / S 17/ S 2 9 / S 5 / 0 12 / 0 19/ 0 25 / 0 9 /N 16/N 24 / N 3 0 / N 1-l / D 2 1 / D 2 8 / D 

Ce r at1 1m ·:, \r .r.d~:--.e ll a. 
(:SI ;c· llcr) 0 ; ard,c. •· I , 0 4 0 . 22 0 . o; 0 . 0001 0 . 0 0 . -l 0 . 68 0 , 02 .. . 18 o . 2 5 I. -l4 2 . 3 3 0 . 03 

Tota l I . o.; 0 , 2 2 0 . C; o. 0001 o. 0 o. -!8 O. b8 0 . 02 -l. 18 6 . 2 5 I . -l4 2 . 3 3 o. 03 

0 RcorcsenLa l ~ t" m an , ·a.l 1c o( thr £ou r 1tat1on1 for c h a ampl1ng p<- ri od 
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from 6 August 1974 to 9 November 1974 as shown in Figure 21. It 

n ev e r did become a dominant member of the obs e rved phytoplankton 

community. This investigator could not find any relation between 

Ceratium hirundinella and the physical and chemical parameters 

examined in this investigation. Clear cut correlations between chemical 

conditions and the qualitative composition of the phy toplankton are not 

to b e expected (Hutchinson, 1944) . 
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Figur e 2 1 . M e an phy t oplankt o n c o un ts of the di is ion Py rrhophyta from 
a Kentuc ky farm p ond plo t te d a gains t tim e fr om 6 A ugust 1974 th r ough 
28 Decemb e r 197 4 . Values ar e expr e ss e d as cells/lit r e (log) . Val ue s 
we r e av e rag e d fr om eac h of t h e fo ur stati o n s except wh e r e i nd i ca te d ( t") . 

Abbr eviations ar e the sam e as i n F i g ur e 2. 



CHAPTER IV 

SUMMARY 

A farm pond in Christian Co t 
un Y' Kentucky, was sampled from 

6 August 197 4 through 28 December 1974. 
Varia tions in selected 

che mical, physical, and biological pa t rame ers were obse r ved . 

The watershe d contains 95 48 h t . h • ec ares wit seven soil types . 

The pond is locate d on the Rob ertsville, silt loam soil. It has a sur -

face ar ea of 840. 125 squar e m e ters, a mean depth of 1. 905 meters 

a nd a volume of 1600. 649 (m3) . 

Both atmosph e ri c temperatur and surfa wat r t mp r atur 

s how e d a gradual d ecline throughout th inv stigati on. The gradual 

d ecline in the total m ean phytoplankton concentration may b r e lated to 

the gradual decline in temp e ratur e . The pond exhibited a moderate to 

s light stratification. It was observed that rainfall had a cooling effect 

upon the surfac e wate r temperatur e in August, September and Octobe r 

1974 and a warming effect in Nov ember 1974. It appears that the wind 

was important in pr eventing persistent stratification of the water 

column. 

Conce
ntrations were greater in the surface 

Dissolv e d oxygen 

waters than in the bottom waters· 
This may hav e been relate d to the 

f wate rs and increased organic 
photosynthetic activity in the sur ace 
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matte r in the bottom waters. 
The bottom waters showed a gradual 

incr ease in dissolved oxygen th h 
· roug out the investigation. This is 

possibly associated wi th declining temperatures and lower rates of 

oxidation a nd decomposition. Maximum dissolved oxygen concentra

tions and total mean phytoplankton peaks did not appear to b e asso c iated. 

S e cchi disc visibility d e m onstrated a n inve rs e r e lation to r a in

fall. The maximum S ec chi disc visibili ty co r res ponde d with th e 

minimum mean total phytoplankton concent r ati on . L ow S ecc hi disc 

value s may b e an indi c ation that th e pon d is rich in organic matte r. 

T o tal hardnes s value s indi cated that the water was moderately 

s of t to s oft. 

Maximum o r th ophosphate concentrations followed th major 

t ota l m e an phyto plankton con centrations . This sugg sts that the phyto-

pl a nkto n ar e impo r ta n t in th e re c ycling of the phosphates. An inv r e 

th o rthopho phat con e ntrati on r e la tio nship was ob se r ved between 

a nd the diss o lv e d oxygen concentration . 

d 1 of variation through Silica con centrations showed a great ea 

out t h e inv e stigati on. . h th of the in estigation an inverse During eac mon 

C oncentrati on and the diatom population r e lation ship b etw een the si lica 

was ob se rv e d. 
this in estigato r that diatoms arc a 

It i s suggested by 

m a j or fa c t o r in the s ilic a cycle . 
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Ammonium and nitrate . 
nitrog en conc entrations exhihited an 

inv e rs e r e lationship t o the surfac<-' wat, t 
· · f.r empcratur e during th e c older 

weeks of the investigation . Minimum peri' od f . f 11 . . s o rain a coincided with 

minimum nitrate and ammonium ·t 
ni rogen concentrations. The maxi-

mum nitrate nitrogen concentration occ d • . . . 
urre m conJunction with a 

d ecline in the ammonium nitrogen conc entrati· on s t · · t ' f ' u gge s m g n1 n ica-

tion . The high nitrate and ammonium nitr ogen con cen t rations indi cate d 

organic pollution and eutrophication. 

The pH g en e rally show e d a d ecline throughout the investigati on. 

Maximum and minimum pH va lue s w e r r e lated to p riods of high and 

l ow total m e an phytoplankton conc entrations . Th maximum pH value 

was also relat e d to the maximum te mp e ratur e in August. 

Specific c onduc tance and surface water t mp ratur e xhibited 

a dir ec t r e latio n . 

Th e variati on in the horizontal di st ribution of th phy toplankton 

wa s slight. Th e v e rti cal dis t r ibution indi at d a r at r cone ntration 

of phytoplankto n in the s ur fac e wate rs than in t h bottom waters. 

Th e maxim um V olv ocin e population in August may be r lat d 

to o r gani c con ten t. Populations we r e in the Th e Chl o r ophyceae 
r eat -

d f om 6. O to 7 . 4. 
e s t abundance w h en t h e pH r a nge r 

The small de smid 

. di cation of e utr ophi cation . 
population may ha ve b een an in 

of Cyanophyta and Chrys ophyta 
Th e abs e n ce of lar ge numbe r s 

of the water. 
may hav e be e n r e late d t o the s oftness 
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The large Euglcnophyta po 1 t· 
pu a ion may have inhibited the d evel-

OJJl11Cnl of th e Cyanophyla.. The · d f · peno s o maximum Euglenophyta de-

velopment are ass ociated with maximum orthophosphate conc e ntrations 

and low dissolved oxygen concentrations. The larg e Euglenophyta 

population may have been an indication of high organic content. 

The Chrysophyta population showed a general increase in con

centration throughout the investigation. An inverse relationship was 

found between the Chrysophyta populati on and the surface water tern-

pe rature. The maximum Chrys ophyta population wa s associated with 

the maximum orthophosphate conc entrati on. Syn dra ulna was the 

most p e rsistent Chrysophyta in oc c urr enc . 

The Pyrrhophyta population consist d of only C eratium 

hirundinella. The growth and dev l opm nt of C r a tiwn hirundin ella 

could n o t be correlated with the para m te rs examin ed . 

That concise and clear cut explanations b tw een th s 1 c t d 

Ch e ml
. cal paramete rs as r e lated to phyto plankton d ev lop 

physical and 

ment are not evident. 
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APPEN DIX I 

Tabl e Xill . Ph ;1:o plankt on counts f r om stat ions I thr oc,gh IV in a K e ntu cky farm pon d 6 A ugus t 19 74, Ch r istian Cou nty, Kentucky . 
Sa mp l es fr om each station were l un1pe d t o dete r mine the mean number of ce lls . 

Taxon 

Chlor o ph yt a 

C oelas tr um s phaeri c m 
;\;ae g eli 

S c ened es m •~s armat s 
(Choda t ) G . M . S m it h 

S clcnast r l ffl m1n u t 1 

(f.:a · i;: cll) C o l lin• 

Tet-raedr o n m u tl C ~1m 

( B r a u n) Ha nsg 1r 11 

Cn1d nt u1 a b l colon, 

V o \ \'O X ~ M ryr- r 

T ota l 

Chr yso ph y ta 

P ·nn l e diat om 

T o t a l 

ll 

• 131 6 0 . 00 

6 5800 

b 58 0 . 00 

58 0 . 00 

263 2 0 . 0 0 

1<)80 . 00 l I S 10 . 0 0 

I 8 0 . 00 129950 . 00 

Statio ns 

Ill 

740 . 00 

8880 . 00 

1480 . 00 

185 0 . 00 

129 50 . 00 

2 220 . 00 

22 20 . 0 0 

x 

4 63 3 . 33 

24893 . 3 3 

2 686 . 66 

21 93 . 33 

87 7 3 . 33 

5 11 3. 33 

4 8 293 . 33 

740 . 00 

740.00 



Table xru. (C o ntin ue d ) 

Taxon 

.y anophvta 

Ana c,·s t, s s ;, . 
M e'."lcg_ h i:ai 

T o ta \ 

E .1clc:1a a c 1s E h r 1..· nb l-r ).!. 

F r.a ~ 15 o r b 1c \ ari a H u ebn r 

P , •p . 0 ,ar d 1n 

T r a ... h t.· \ <Jr ,1ona s ap . Eh rr- nbt- r Lt 

T o t a. \ 

3 50 . 00 

50 . 00 

1-1-12 1, 0 , 00 

11 8 , o. 00 

1,, -1 0 2 0 . 00 

ll 

13 16 0 , 00 

1 3 l b 0 , 00 

8 2 2 0 . 00 

I Q7 38 0 . 00 

8 22 -1 0 . 0 0 

2 '1 7 8 -1 0 . 0 0 

Stati ons 

Ill 

59 30 , 00 

3700 . 00 

5 185 0 . 0 0 

122 2 0 . 0 0 

73700 . 0 0 

x 

438 6 . 67 

-D86 . 6 7 

3293 .3 3 

131 6 . 6 7 

3973 .3 3 

131 163 . 33 

35 -14 0 . 00 

175 186 . 6 7 

CX> 
\J1 



Tabl e XID. (Continued) 

Taxon 

P yrrhophyta 

Ce rat ium h ir u ndin e lla 
(M uelle r) D u jardin 

T ota l 

T o tal co.i nt 

3950 . 00 

3950 , 00 

169950 . 00 

"- Va.l.Jc9 a r c xp r case d in c e ll a per litr · 
., .., S ig ni.11 s a a.mp e waa c ontam1nat d by fu ngu1 

ll 

3290 . 00 

3290 . 00 

4 34240 . 00 

Stations 

Ill 

88870 . 00 

**IV x 

2413 . 00 

2413.00 

231020 . 00 

00 
er--



Tabl e XIV . Phytoplankt o n cou n t s from s tati o n s I th r ough IV in a K entucky f arm po nd 1 3 A ugus t l 97 4 , C hr i stian C ou nt y , Ke ntucky . 
Saq1pl e s f r om each s tat ion w e r e lumped to d e t e r mine t he mean n umb e r of ce lls . 

Taxon 

Ch l o r o p hvt a 

Coelast r u m sph a ericu m 
>iaege l i 

S cenedesmus s p . lv\eyer 

Sel ena s tr .1m min ·..1 t u m 
();aegeli) Collins 

Cc,ident uia·:,le single c ell 

\"ol-.·ox ~ Mc, er 

\" . t c r t i • s Mcye r 
- da ~g h t c r c olony 

~ •p . Linn • 
:r a. gm :1tcd c ells 

Total 

Chr ~ soph yta 

T ota l 

4-H O. 00 

4440 . 00 

8 80 . 00 

-1 0 . 00 

-1-1 0 . 00 

ll 

*890 . 00 

1110 . 00 

2780 . 00 

1110 . 00 

5890 . 00 

1090 . 00 

10 o. oo 

Stat ions 

889 0 . 00 

8666 0 . 00 

37774 0 . 00 

-173290 . 00 

-1-1-10 . 00 

-1440 . 00 

I V 

55920 . 00 

889 0 . 00 

6 4810 . 00 

5930 . 00 

5930 . 00 

x 

222 . 50 

1110. 00 

2 77 . 5 0 

18 0 5 . 0 0 

10 480 . 00 

2 166 5 . 00 

9 60 57 . 50 

1382 1 7 . 50 

5225 . 00 

5225 . 00 

ex, 
....J 



Table XIV. ( Contin ue d) 

Taxon 

E ugl enophyta 

Eusl e na a cu s Ehrenberg 2220 . 00 

Pha cu s o rbi cu1ar is H ue bn e r 3330 . 00 

Tra c helomona e s p . Eh r e n be r g 122 20 . 0 0 

I.: n ident i.f iab le E ug le nale a i7 80 . 00 

Total 2555 0 . 00 

P yrr ho ph yta 

C e r t, m h 1r undin c ll 
(M ,,- li e r) O u1 a r d in 

T o ta.I 

Total c o unt 43 870 . 00 

• V l uca r cxp r •• d 1n c clla p r li tr e 

Stati ons 

II III 

1670 . 00 444 0 . 00 

1670 , 00 2220 , 00 

2 5000 . 00 4440 . 00 

13050 . 00 169980 . 00 

41 390 . 00 181080,00 

4 8370 . 00 6 588 10 . 00 

IV 

1110 . 00 

15550 , 00 

2960 . 00 

19620 . 00 

1850. 00 

1850 . 00 

922 10 . 00 

x 

23 6 0, 00 

180 5, 00 

14302,50 

48442 , 0 0 

66 910 , 50 

4 62, 00 

462 . 00 

210815 . 00 

00 
00 



Table XV, Phytoplankton cou nt s f r om station s I thr ough IV in a K e ntucky farm pond 20 August 1974, Christian County , Kentucky. 
Samples from e a c h stat io n w e r e lumpe d t o d e t e r mine th e mean number of ce lls . 

Taxon 

Chlorophyta 

S cenedesmus armat s 
(Chodat) G , M . Smit h 

t.:niden t iiiable sini,: le cell 

V . tcrt lJ S Mc ,· c r 
dau ght e r c o lo'ny 

V . s p. L,nna u s 
tra11m e nted c ells 

Total 

Ch r y s o phy ta 

Total 

11270 . 00 

-17 6 70 . 00 

298 15 70 . 00 

3040510 . 00 

ll 

H70 . 00 

32220 . 00 

327570 . 00 

197580 . 00 

500840 . 00 

36 400 . 0 0 

36400 . 0 0 

Statio ns 

III **IV 

* 24400 , 00 

239960 . 00 

23172 0.00 

8502140.00 

89982 20.00 

x 

8 13 3 . 33 

115 6 . 66 

94483 . 33 

202320,00 

3893763 , 33 

-tl 998 5 6 . 66 

12133.33 

12133 . 33 

00 
-D 



Table XV . ( Continued) 

Taxon 

E ug l enophyta 

Eugl e na a cus Ehr enbe r g 

Pha cus sp . D ujardin 

Trachelomonas sp . Ehrenberg 

Total 

Pyrrho phyta 

Cerat ium hirundinella 
(Muell e r) Du judin 

Total 

Tot.al cou nt 

2 17 0 . 00 

2170 . 00 

3042 680 . 00 

• Va.l uca a.re xprcaacd ,n c clla pe r litre 
• • Signulca aLmplc wa.a co nta.mlo&t d by !uogua 

II 

34 70 . 00 

3470 . 00 

10400 . 00 

17340 . 00 

14S80 . 00 

Stati ons 

ill 

3050 . 00 

3.050 . 00 

6 100 . 00 

6 100 . 00 

9007370.00 

x 

2173.33 

115 6. 67 

4190.00 

7520.00 

2033.00 

2033. 00 

4221543 .30 

-.D 
0 



Ta.ble XYI. Phytoplankton counts from stations I through IV in a K e ntucky farm pond 27 August 19 74, Christian County, Kentucky, 
Samples from each station were lumped to det e rmi ne th e m e a.n number of cells. 

Taxon 

Chlorophyta 

Cr u ,ige nia quadr a t a M o rr e n 

Unid ent i.Iiable sin g l e c e ll 

V o l vox te r tiu s M eye r 

V . t e r tiua M eye r 
- daught e r c olon y 

V . ap . Linna eua 
fragment e d ce ll s 

Tota l 

Chr y ao phyt 

P enn l e dia t om 

Total 

Eu l nophyta 

P h c ·Ja a p. DuJ ard1n 

5-H,8 0 . 00 

4 30930 . 00 

384889 1900 . 00 

38493775 10 . 00 

II 

4550 .00 

1520 . 00 

62 130 . 00 

68200 . 00 

9090 . 00 

9090 . 00 

1520 . 00 

Stati°ons 

III 

15460 . 0 0 

33 340 . 00 

689 14 30 . 00 

6940230 . 00 

IV 

*8080 . 00 

4 18540.00 

7 19520.00 

134 64 7780. 00 

135793920.00 

4440 . 00 

4440 . 00 

x 

202 0.00 

1137.50 

122170.00 

2 96 327. 50 

99 7623310.00 

993 0449 6 5.00 

3382.00 

3382.00 

38 0.00 



Tabl e XVI. (C ont inued) 

Taxo n 

Tra c h e l o m o nas s p . Ehr e nb e r g 2 0 30 . 00 

U n identuiabl e E ugle nal es 172 8 0 . 00 

T ot al 193 10 . 00 

P y rr hophyta 

C e r ;o. t i u m h i r u ndio e ll;o. 
(M ue ll e r) D uj ;o. r di n 2030 . 00 

T otal 2 030 .00 

Tota.I c ount 384 9398850 . 00 

• Value a a. r e arpr c aa e d l n c U a p<i r llt r c 

Stat io n s 

11 Ill 

30 9 130 . 00 1 5 15 0 . 00 

3030 . 00 

3 136 80 . 00 15 15 0.00 

390970. 00 695 53 80 , 00 

IV 

4040 .00 

4 040.00 

1010.00 

1010.00 

1358 0 3410,00 

x 

82587.50 

5077. 50 

8 8045.00 

760.00 

760.00 

998137152 . 50 

-.D 
N 



Twle XVII. Phytoplankton counts from stations I throug h IV in a Kentucky farm pond 3 September 1974, Christian C o unty; Kentucky. 
Samples from each ata.tion were lumped to determine the mean number of cells. 

Taxon 

Chlorqphyta 

Kentr os phaera (gloeo phila ? ) 
(Bohl i.o) Bruonthaler 

M icros po ra. sp. Thuret 

Tetra. e dr on hasta.t u m 
v ar . pa.lat i num 

(S c hmidl e ) L emme r man 

V olvox t er t a .1 1 M ey er 

V. t e rt i u a Me y e r 
d a ug h t er c ol on y 

V. s p. L l nn&cua 
tragmcnt cd c ell ■ Me y r 

T ot al 

C hr yao ph) a 

P e n n.at d1 t o m• 

T ot I 

6 10 . 00 

59 4 0 . 00 

6 50 . 00 

2 17 32 670 . 0 0 

2 174 5870 . 00 

l 2 0 . 00 

12 90 . 00 

ll 

• 121 0 . 00 

15 6 30 . 00 

2 42 0 . 00 

40000 . 00 

59 260 . 00 

2 121 0 . 00 

2 12 10 . 0 0 

S t at io ns 

Ill 

2420.00 

1210 . 0 0 

271 6 0 . 00 

109 10.00 

55330 . 00 

97030 . 00 

1780 . 0 0 

1780 . 00 

IV 

24350 .00 

75990 .00 

6 3 1050 . 00 

7 3 1390.00 

9 9 5 0 . 00 

9 9 50.00 

x 

907.50 

302.50 

152. 50 

18270.00 

23992. 50 

5614762. 00 

56 58387.50 

8557 .50 

8 557.50 



Table XVII. (Continued) 

Stations 

Taxoo II Ill IV x 
Cyaoophyta 

Aoa cystis c yanea Dr oue t and Dail y 1780.00 445.00 

A... sp. M e ne g hin i 1210.00 302.50 

Cocc o c hloris sp. Spr e ng e l 7270 . 00 1817. 50 

SEirulina s p. T u rpin 3640.00 910.00 

T otal 1210. 00 109 10.00 1780 .00 3475. 00 

Eu g len o ph yt a 

E ug\ cna a c us Ehrenberg 2060 . 00 2670 ,00 5 16 0.00 2472.50 

P ha cu a (helil<o r idea? ) 
~mann 2670.00 667.50 

Tra c helomonaa a p . Ehrenberg 5b3b0 . 00 8 108 0 . 00 141800.00 159900.00 109785 . 00 

unidcn t i.f,able E g lenal I 1212 0 . 00 25~50.00 38780 . 00 14220.00 22 642 . 50 

Total 8480.00 108590 , 00 183250 . 00 18 1950 . 00 135567. 50 

P y r rhophyt 

C rat, m h ,r nd,nclla 
(M ell r) D uJ rd, n 300 . 00 10.00 2790 . 00 10750.00 3687 . 00 



Tab l e X V ll. (Continued) 

Taxon ..l 11 

T otal 300 . 00 9 10 . 00 

Total cou nt 2 18 15940 . 00 191180 . 00 

• V l uc ■ a. r e cxp r eaecd \n c 111 pe r lltrc 

Sta t io ns 

I.II IV 

2790 . 00 10750 . 00 

2·9571, 0 . 00 935820 . 00 

x 

368 7. 0 0 

5809675.00 

'° U1 



Table xvm. Phytoplankto n c ou nts fr o m stations I t hrough IV i n a K e ntucky farm p o nd 10 S e pteTnber 1974, Christian County, Kentucky. 
Samples from each station were lumpe d to d e t e rmine the mean number of cells. 

Taxon 

Chl o r o phyt a 

A nkis t rodesmus (fal c at us? ) 
( Corda) R ails 

S ce ne d esmus sp . M eye r 

Unid entifiable colony 

V o lvox t e r ti us M eyer 

V . t e rt1 ·J S Meyer 
daughter c olon y 

V . •p. Linnae u s 
tragmen t ed c el l a 

Ch r yaophy-ta 

Centri c diat o m 

P nnate d 1 t o m 

Total 

* 890 . 00 

17 80 . 00 

533 0 . 00 

8000 . 00 

6&70 . 00 

b 70 . 00 

II 

8 30 . 00 

18 50 . 00 

268 0 . 00 

1750 . 00 

1750 . 00 

S t at io ns 

Ill 

950 . 00 

7600 . 00 

380 . 00 

950 . 00 

1890. 00 

11770.00 

4440 . 00 

4440 . 00 

IV 

3700 . 00 

289 0 , 00 

659 0 . 00 

1580 . 00 

3940 . 00 

5520.00 

x 

222. 5 0 

237.50 

1900.00 

16 72. 50 

2 755.00 

4 72.50 

726 0. 00 

39 5. 00 

4200.00 

4595 .00 



'!'able XYill. {Cont i nued) 

Taxon I 

Eu gl e noph yta 

Eu~lena a cu s Ehr enbe r g 4180 . 00 

Phacus sp . D uj ardin 

Tra chelomonas s p. Eh r enberg 286550 . 00 

U nid ent Uiab l e Euglenalee 

Tota.I 290730 . 00 

P yT rh ophyta. 

Cer&t1um hir u ndinell a. 
(M u lier) O uJa.rdin 890 .00 

Tota.I 890 . 00 

T o t I count 306290 . 00 

* V&l u 8 llr exp r •• d In c Ila per li tr e 

Stat ions 

II III 

11200.00 

930 . 00 

295210 . 00 203110.00 

37040 . 00 293 10.00 

344 380 . 00 232420 . 00 

3240 . 00 

3240 . 00 

352050 . 00 248630 . 00 

IV 

3700.00 

326780.00 

1178 0.00 

342260.00 

1930.00 

1930.00 

356300.00 

x 

4770. 00 

232.50 

277912. 50 

19532.50 

302447.50 

1515. 00 

15·15. oo 

315817.50 

'° ....J 



Table XIX. Phytoplankton counts from s tations I thr oug h rv in a Kentucky farm pond 17 S ept e mber 1974, Christian County, Kentucky. 
Samples from each statio n w e r e lumped to determin e the m e an number of cells . 

Taxon 

Chlorophyta 

S e l e na a tr u m s p . R einsch 

Spi r ogyra ap . Rei n sch 

Unid e n t if iable single c e ll 

~ te rt iu s M eye r 

V. ap . L, nnac • 
l r agmentcd cell 

T o ta.I 

Ch r yaophyta. 

Pcnnatc d, lorn 

Tota l 

C yan ophyta 

Ana c y 1t,o monl na (L 1ghliool) 
Dr ouc l a~ 

Total 

6 6 70 . 00 

4370 . 00 

593 0 . 00 

16 70 . 00 

5 30 . 00 

5 30 . 00 

740 . 00 

74 0 . 00 

II 

740 . 00 

2960 . 00 

8 10 . 00 

4510 . 00 

11110 . 00 

11110 . 00 

Stations 

Ill 

*560 . 00 

1 11 0 . 00 

167 0 . 00 

267 0 . 00 

2670 . 00 

* *IV x 

186. 67 

246.67 

3210.00 

2096. 67 

1976 . 67 

7716 . 67 

6470.00 

6470.00 

246.67 

246 . 67 

'° CX) 



Tabl e XIX. (Contin ued) 

Taxon 

E uglenophyta 

E ug l ena a cus Ehrenberg 

Phacus sp . D j ar din 

Trachclomonas sp . Ehrenberg 

C n idcnlifiab\c E g le n al cs 

Tota l 

P y r r hophyla. 

C e ra.t i m hir nd, nc lla 
(M cllcr) D Jard in 

T ota.I 

Tota l coJnl 

H0 . 00 

8 0730 . 00 

8 1-\7 0 , 00 

10-1 8 10 . 00 

• Va.I co a.r~ c><pr 11cd ,n c ells per \,t r 
v• S ,gnlf,ca a mpl~ w I con ta. m,n t d by f n11u1 

ll 

740 . 00 

1036 20 . 00 

10-1 360 . 00 

740 . 00 

7-10 . 00 

120720 . 00 

Stations 

Ill 

189 0 . 00 

12099 0 , 00 

16 70 , 00 

124 55 0 . 00 

1670 , 00 

16 70 . 00 

13056 0 . 00 

**IV X 

876 . 6 7 

24 6 . 6 7 

556 . 67 

556 . 67 

103460.00 

803.33 

803 . 33 

118696 . 6 7 



Table XX . Phytoplankton c oun t s from s tations I throu gh IV in a Kentucky farm pond 2 9 S eptembe r 1974 , Christian County, Kentucky. 
Samples from e a c h s tati on wer e lumped to determine the mean number of cells . 

Ta.x on 

C hlor o ph y1: a 

C oe la s t r:.i m micro p o r um Naege l i 

C. s ph a e ri cum Nae g e l i 

Cr u c 1genia q u a d rata Mo rr en 

C. r e c ta. ngu la.ri s ( B r aun ) G a y 

S ce n e desmu s a.b u nda.n s 
v a.r. b r e v tc a uda 

G . M. S mi t h 

S . a.r mal ua (Choda.l ) 
G . M . Smi th 

~ q u a d r ic ud a. T u r pin 

~ 1 p . M eye r 

S c l na s tr um a p . R c 1na c h 

Un 1dcn t u1ab l e co l o ny 

V o l vox a p . Linn e u1 
~cnt cd c 11 1 

Z yg n cllU\ a p. A g r dh 

* 3 33 0 . 00 

888 0 . 00 

11 32 80 . 00 

4666 0 . 00 

888 0 . 00 

2 3330 . 00 

3'121 60 . 00 

999 300 . 00 

740 . 00 

103 60 . 00 

556 0 , 00 

94 800 . 00 

6492 680 . 00 

740 . 00 

Stations 

Ill 

667 0 . 00 

29440 . 00 

IV 

3040 . 00 

6 040 . 00 

9070.00 

6040.00 

3885 1:> ll .00 

X 

832 .50 

185.00 

2220. 00 

28320.00 

11 665 . 00 

760.00 

2220.00 

4100.00 

11157.5 0 

110750.00 

34 77500 . 00 

185.00 

-0 
0 



Tabl e XX . (C o ntinued) 

Taxor. 

Total 75 -1 5 8 20 . 00 

Chr \" SOphvta 

Centri c diatom 

P c:-::-: at e d,ato m 75 50 , 00 

T ota ~ 7 550 . 00 

C ,· a. ~.op .·· ta. 

A '1a. ..:: \ ·st:5 t r. e rma 1& 

(M ·n g n1 n, ) Dr oi and Da , h '>h 0 . 00 

T ota l •, RO . 00 

...:.~ l ·r.c, o n ~; t 

J e: 1c:-, a so . n r r:'\orr i.z 

P h a c a •p . D.: JlH ri , r. 

T r 1... ·:--. • l 0mo"' Ip . • r (_"nocr ~ 71, 770 . 00 

.. n ,rl ntd \ a. o l r E .Hil na l c 1 HH0 . 00 

T ot I 111 2 10 . 00 

Stations 

**II Ill 

6 6 048 8 0 . 00 36 110 , 00 

560 . 00 

-H-l 0 , 00 l-l 110, 00 

-14-l O. 00 14 6 70 , 00 

23i20 . 00 

23720 . 00 

7 -1 0 . 0 0 

2220 . 0 0 

• 5 2 0 . 00 19 1 0 . 00 

-!7 770 . 00 38 160 . 00 

11 -1-1 30 . 00 595 4 0 , 00 

IV 

4 12 770 . 00 

12 30 0 . 00 

12 300 . 00 

760 . 00 

10 ·!30 . 00 

8 320 . 00 

195 10 . 00 

x 

36 4 9895 , 00 

1-10 . 00 

9600 . 00 

9 740 , 00 

76 00 . 00 

7600 . 00 

185 . 00 

745 . 00 

-13070 . 00 

32 172 . 00 

76172 . 00 

..... 
0 ..... 



Table XX. (C on t inued} 

Ta"on 

Cerat: n. r.rnd1nclla 
(>- L~ ;e r ) D •J _1ardi:1 

To:a: 

T ota.l co ·J . t 

2220 . 00 

2220 , 00 

7b73480 . 00 

'' \ " l 1c1 are e'<pr aacd 1n c ello p<:r l1tr 
S1gnu1 ·• • "mple w • con t m,nal d by bnitu• 

**ll 

747470 , 00 

Stations 

Ill 

1390 , 00 

1390 . 00 

111710 , 00 

IV 

444580 , 00 

x 

90 2 . 50 

90 2 , 50 

3744310,00 

-0 
N 



Table XXI. Phytoplankton counts from stations I th.rough IV in a Kentucky farm pond 5 Octobe r 19 74, Christian County, Kentucky. 
Samples from each s t ation were lumped to determine the mean number of cells. 

Taxon 

Chlorophyta 

Cr ucigenia q u ad r ata M o rr en 

Se lenas tr u m sp. R ei nsch 

T o tal 

Chr,· sophyta 

P ennat e dia t om 

T oul 

Cyan o phyt a 

A na cy1 t i1 mann 
Dr ouc t and Da ily 

A . 1p . Mcncgh1n1 

Tot l 

E ~g l nophyta 

E u gl n 1 p . Eh r cnb r g 

**I 

2 66 0 . 00 

26 60 . 00 

27 90 . 00 

27 90 . 00 

10 50 . 00 

) 191,0 . 00 

2 10 . 00 

20770 . 00 

**Il 

* 18000 . 00 

4500 . 00 

22500 . 00 

132880 . 00 

72080 . 00 

204 o. 00 

15770 . 00 

Statio ns 

**III 

16270 . 00 

16270 .00 

396 00 . 00 

39600 . 00 

1980 . 00 

**IV 

4940 . 00 

4940 .00 

9880 . 00 

X 

4500.00 

1790,00 

6290,00 

12225.00 

12225,00 

35882 ,00 

35910,00 

7 1792.00 

12100,00 

.... 
0 
(.;.) 



Tabl e XXl. (Continued) 

Taxon 

Trache lomonas sp . Eh r enbe r g 

T o tal 

P ·yr rhophyta 

Ceratium h1 r ndinella 
(M ue ll e r) D ui ard in 

Tot.al 

Total cou nt 

**I 

2 66 0 . 00 

23430 . 0 0 

9 390 . 00 

• V 1 c ■ &r e ex pr c ■ acd 1n c ell• pe r lltr 
** S ,gnu1 c1 1 mplc waa contanunat d by !un11u1 

**II 

22 50 . 00 

18020 . 00 

2250 . 00 

2250 . 00 

247730 . 00 

Stations 

**III 

1980 . 00 

15840. 00 

15840. 00 

73690 . 00 

**IV 

988 0.00 

14 82 0 . 00 

x 

1227.00 

13327. 50 

4522.50 

4522 . 50 

108157.50 

..... 
0 
~ 



Table XXII. Phyt o plankton counts from statio ns I thr oug h IV in a Kentucky farm pond 12 October 1974, Christian County, Kentucky. 
Samples from each stati on were lumped to det ermine the mean number of cells. 

Stati ons 

Taxon **I **II **ID **IV x 

C hJ orophyta 

K entr os p hae r a (gl o c o phtla ? ) 
( Boh.lin) Br nnthaler * 2530 , 00 632 ,50 

Selena.str u m sp . Re insch 1270 , 00 2470 . 00 935 ,00 

Total 3800 . 00 2470 , 00 15 67.50 

Ch r y ooph yta 

Cc:ntr , c diatom 4940 . 00 1235,00 

Pcnnat diat o m 11 0 , 00 1658 0 . 00 17400 . 00 62220 , 00 24347. 50 

Total 11 0 , 00 l b580 , 00 22340 . 00 62220 , 00 25582.50 

C y anoph yta 

An c yat,1 , n c. cr ta. 
Oro ct andDaiTy 6 20 . 00 155.00 

Total 620 . 00 155,00 

-0 
IJ1 



Table XXII . (C o ntinu e d) 

Tax o n 

~ug leno p h na 

Pha c 1s s p . D •.JJ ar d,n 

Cn1 de n tL.f 1a b l <: E uglen a lcs 

T o tal 

P y rr ho p h·_.·ta 

Cc ra.u 1m 'nl r Jnd\"'lcll a 
(M •Jellc r) D·.J1 ar d1:, 

Tota l 

T o tal c o 1,t 

,. Va.l 1(·1 o. r c- r"<prr11cd ln t rllg , , . - ,•:-r 

IJ 

'
1

'- S1~nd1C'I 1,1n,p r W4'tJ cont n--un..\ t•· I , -..; ·• 

u 

• I, ) • \., ( 

\1 l )t) 

Stat ions 

ll7l0.00 

11~30 , 00 

I l 10 . 00 

l ' l-10 , 00 

,. rn . oo 

12 30 . 00 

1230 , 00 

x 

317 . 50 

5-i l 2 . 50 

5730,00 

2202, 50 

2202 . 50 

352 37,50 

,_. 
0 
a---



Table XXIll. Phytopla,,kto :, coc1nts from s tations I throug h IV in a K e ntucky farm pond 19 O c t obe r 1974 , Christian County, Kentucky. 
Samp!es fr om ~ach s tation wer e l u n1ped t o dete r m ine the n 1ean number of cells. 

Chlor o p 'o yta. 

K e'1trospn a e ra ( 1: locoph :la?) 
(Bohl , -, ) B rrn '1 t alc r 

K 1r c·. --.ec : l la ep . Sc h m:c!J · 

~ e rc .: m ( i'1 t err.1 pt ·1 m?) 
( B re ·::, ,,s:0'1) L.itkem ,ell r 

S e\ e :1 aat r .1 n . a p. Rc, ,.. , c n 

** I 

8 o. oo 

Tota: 8')0 . 00 

C h r ; 1o pr.--t 

C n tr1 (. d ,a to m 

T ot I 

JS 0 . 00 

JSh0 . 00 

Stat ion s 

1780 .00 

17 80 . 00 

53 0. 00 

-1 090 . 00 

-1-10 . 00 

3330 . 00 

3770 . 00 

**IV 

*89 0 .00 296 . 6 7 

593 .33 

7 10 . 00 23 6. 6 7 

89 0 . 00 l 186 . 6 7 

310.00 280.00 

28 00 . 00 25 9 3. 33 

1-l o. 6 7 

80-1 0 . 00 -1 976 . 6 7 

8040 . 00 512 3. 33 

.... 
0 
-J 



Tabl e XXIll . (C o nt inued ) 

Ta.xon 

E ug le no p r.yta 

l.i nident i.fiable E uglenal ea 

Total 

P y rr ho ph , a 

Cc, rat :.l m r.ir ~nd1n Ila 
(\l uc l\ r1 D .1J &rd in 

Total 

7 o ta \ c o.in t 

• V I le, ■ re expr 
... 5.(l"'•h ~ 1 Mpl 

7 11 0 , 00 

71 10 , 00 

II So0 , 00 

■ ed In c ell ■ p r htr 
w c on t min t d by funaiu• 

**Il 

Stat i ons 

**Ill 

27000 ,00 

27000,00 

890 , 00 

89 0 , 00 

3486 0 . 00 

**IV 

3 560 ,00 

35 6 0,00 

1529 0,00 

1255 6.00 

1255 6 ,00 

2 96 . 6 7 

2 96 . 67 

20570,00 

-0 
00 



Ta~le XXN. P hyt o plankt on counts fr om s t ation s I t h r oug h Nin a Kentucky farm p ond 25 O c t o b e r 19 74, Ch r istian Co'J nty , Ke nt uc ky. 
Sam ;:,les fr om e ach station we r e l u mped to deter mine the mean num~ er of cells. 

T axo:1 

C hlorop1w ta 

V o h ·ox ~ M eyer 

T o t a l 

Ch r vsopl-.n a 

P :1-.a , d1a t o:n 

Total 

Eu g lc,n o phv·ta 

C n id cnu liab l Eug l c,n le, 

T o t al 

Py rr hop'lyta 

C rat1Jrr, '11r .n1,ndl 
(M ~llu) D· J rd,n 

T o•. I 

T~ I coun: 

,, 590 . 00 

590 . 00 

0 . 00 

1:,9(,0 . 00 

97840 . 00 

97840 . 00 

22.20 . 00 

2220 . 00 

107 10 . 00 

• \" alJea a rc cxprcaacd 1n c Ill p r lilre 
- S 1gnu 11:o aamplc w • c ontaminated by fun ua 

Il 

14 80 , 0 0 

4070 . 00 

555 0 . 0 0 

10270 . 00 

10270 . 0J 

9 0 . 00 

90 . 00 

l b8 l 0 . 00 

Stations 

ill 

4 00 . 00 

4 00 , 00 

88 0 . 00 

3440 . 00 

4320 . 00 

4 55 20 . 00 

-1 55 2 0 . 0 0 

I 040 , 00 

10 0 . 00 

5 12 80 . 00 

**IV 

6 8 10 . 0 0 

68 10 ,00 

6 8 10 . 00 

x 

247 . 50 

247 . 50 

59 0 . 00 

5320. 00 

5910 , 00 

3 8407.50 

38 4 07,50 

1062.50 

1062 .50 

4 56 2 7 .00 

-0 
-.D 



Table XXV. Phytoplankton count a from station a I through IV in a K ent ucky farm pond 9 Nove mber 1974, Christia n Cou nty , Kentuc ky. 
Samples fro m each atation wen, lumped t o determine the mean number of cells . 

Ta,co :, 

Chl o r op'n-t a 

V o h ·o '< ~ M eyer 

To~al 

Ch r yao?'-,vta 

P er.-:at , :i>a•.o -n 

Tota l 

Euglc :-top:-si.a 

8890 . 00 

88 o. o:i 

E~gi .., !.:...::.!. En r c-,b _ r g 2220 . 00 

1527400 . 00 

152%20 . 00 Total 

To·. I co r.: I S38S IO . OO 

1roi1 \'a l.1c1 xp r ooed ,n c ello p,.r litre 

II 

2220 . 00 

2220 . 00 

3 2630 . 00 

382 30 . 00 

38--1850 . 00 

Stations 

Ill 

* 1110 ,0 0 

1110 . 00 

1780.00 

17 80 . 00 

2507310 . 00 

25073 10.00 

2220 . 00 

2220 . 00 

2512420 . 00 

IV 

15780.00 

15780 . 0() 

3324670.00 

3324670. 00 

3340450 . 00 

x 

277 . 50 

277 . 50 

71 6 7. 50 

7 16 7. 50 

555 . 00 

1935502.50 

19 36 057. 50 

555 . 00 

555 . 00 

1944057.50 

...... 

...... 
0 



Table XXVL Phytoplankton c ou nt s from statio n s I thr ough rv in a Kentucky farm pond 16 Novembe r 1974, Christian County, Kentucky. 
Sample s fro m ea c h station wer e l u m p e d t o deterrrune the mean number of cells. 

Chlo r o p'iyta 

S e l cnastr u m s p . R einsch 

V o l vox \e r ti us M ey .e r 

Tota l 

C h r yso?'>y-u. 

D in o!nyo:, .!_Lt \ a ri a E h r e C1bc r g 

P enn t e di at o:-n 

T o a l 

E u g lc n o ;,'i y-.a 

U nid cnt,!,ab l Eug l n l 1 

T o: a l 

T o: l coun t 

2 60 , 00 

2960 . 0 :J 

730 H O. O:J 

730310 . 00 

7333 0 0 . 0 0 

Q v .. 1u a x prr ■■ c d ,n c ll ■ pe r litr e 

Il 

8 90 , 00 

89 0 , 0 0 

H 40 . 0 :J 

"144 0 . 0 0 

79 10 80 . 00 

79 10 !!0 . 00 

796 10 . OJ 

Sta tions 

Ill 

2 5 5 30 , 0 0 

4~ 40 , 0 0 

2 99 70 , 0 0 

74 3840 . 00 

74 38 40 . 00 

7738 10 , 00 

IV x 

~•1740, 00 435.00 

222.50 

1740, 00 6 57,50 

9 0217 , 50 28936.88 

9410 , 00 5312,50 

99627,50 34249,38 

7 569 10,00 755542,50 

756 910 , 0 0 755542.50 

8 582 77,50 79 0449 . 38 

,_. 
,_. 
,_. 



Tabl e XXVII. Phytoplankto n co•.ints from stations I through N in a Kent ucky far m ;,a nd 24 November 1974, Chr i stian County, Kentucky. 
Sampl e s from e ach stat ion were l umped to determine the mean numbe r o f cells. 

Taxon 

Chry sophyta 

Centric diat om 

Dinobryon se rtularia Ehr cn'>e r g 

P ennate diatom 

T ot I 

E: u gl eno;,hyta 

Unid nti!iab \ c E ug l nal 1 

Tot I 

T<Y- l co.i nt 

5560 , 00 

55!>0 , 00 

458 80 . 00 

58 80 , 00 

464S 0 . 00 

• V l uc a r expo • • d , n c Il a p r litre 

II 

307750 . 00 

307750, 00 

15 11 00 , 00 

15 1100 , 00 

458850 . 00 

Stations 

III N x 

* 5300 , 00 1325,00 

38295 , 00 76 5 90 , 0 0 2 8 721,25 

30 160 , 00 21330 , 00 9 12 00,00 

73755 , 00 9 7920,00 121246 . 25 

225760.00 441670 , 00 3 19377,.00 

225760 , 00 441670 , 00 3 19 377, 00 

2995 15, 00 539590 . 00 4406 2 3, 75 

--N 



Table X.X:Vll. Phyt o plank t on co:.rnts from s tations I t hroug h IV in a K ent ucky farm po n d 30 November 1974 , Christian Co,.1nty, Kentucky. 
Sampl es fr om e ach s ta tion we r e l ump ed t o ::lete r mi n e th e mean n u mbe r of c e lls. 

Ta xo:1 

Chr ysop>iyta 

P e nnat e diato:n 

T o~al 

Cya n op'.y-:a 

· ni<lc ntifiab l c olo:1y 

* 2210 . OJ 

2210 . 0J 

11 0:> . 0) 

To~al 1100 . 00 

· n,dc n uiablc E ui lc a lc1 

Tc,: al 

Tota\ count 

12 ~-lSO . 0'.l 

12 SO . OJ 

l2 'l 7 O. OJ 

--=----~----=---------=-----=======--------
Q Val ue, arc cxprc11cd i n co \11 pr.r litr e 

Il 

2029l0 . 00 

202940 . 0J 

202940 . 00 

S tatio:1s 

ill 

6 070 . 00 

6070 . OJ 

I 18<l 0 . OJ 

11840 . 00 

267430 . 00 

26 7430 . 0 0 

2853 40 . 00 

IV 

7410 .00 

7410,00 

323290 . 0 0 

323290, 00 

330700, 00 

x 

3922.50 

3922.50 

275.0J 

2960 . 00 

3235,0,J 

230027. 50 

230::>27. 50 

237185.00 

,_. 
,_. 
w 



Table XXIX . Phytopla n k t on c o unts fr o m statio:1s I t h r o-.igh IV in a Kentucky farm p o nd 14 D ecemc,e r 1974 , Ch r i stian Cou nty , K entucky. 
Sam,>les from each station were lumped t o d e~erm i n e the mean number of ce ll s . 

CC1! o r 0 ;,:--:,-,a 

Spi ro2yra s p. Li n\c 

\ "o\ ,· o ~ t e r~i ~1s ?\.le y c: r 

T o:a l 

C ". r ys:, ? '-iy,a 

Ce :,:c ,c d ,ato -n 

To·.a! 

Sp ~r ..1 \~:--.a 2- ·1n · ~ p s 
(W ·s: •d W s : ) G . S . W es'. 

E :~ : ., "> ?'; _. --l 

:. n :d : , t,!,af>\c .lW IC, \co 

T o·.al 

T o t.al c oun: 

04 0. 00 

040 . 0 J 

320 . 0 0 

325'.l . OJ 

3-170 . 00 

320 . 00 

320 . 0J 

)<,7 10 . 00 

3 7;0 . 0J 

•I I 30) . 00 

" \" lu • re x pr s e d ,n c e l l s pe r li tr e 
,,.., S i n u lcs s mp!c was c on·. m . n t d by !unjJS 

* 2 8700 . 00 

2010 , 0J 

30710 , 00 

&02 0 . 00 

S lO S. 00 

111 28 .00 

68 ~ O. OJ 

1>8!>'10 . 00 

11 05 18 . 00 

Stati o ,s 

Ill 

360. 00 

360 , 00 

40J , O'.l 

40JO. OO 

4400 . 00 

BOO . OJ 

800. 00 

2 30 SO. OJ 

2 3060. 0 0 

28!> 20 . 0 J 

IV 

800 . 0) 

BOO . OJ 

3250 . 0 J 

7360 . 00 

10 6 10. 00 

76270 . 00 

76270.00 

876SO . OO 

x 

7 175 . O·J 

952 . 0J 

8 127. 5 '.) 

2497. 50 

4929 . 5'.) 

742 7. 0) 

80 . 00 

200 . 00 

28J.OO 

5 11 93 . 00 

5 1193. 00 

:, 7029 . 5'.) 

.... .... 
"" 



Table XXX . Phyto plankto::i sampl e d fr om statio:1s I throug h Nin a Kentucky fa r m p o nd 21 Decembe r 1974 , Chri s tian County, Kentucky. 
Samples from e ach station were lumped to det e r mine the mean number 0£ cells . 

Ta.._xo :-. 

Chlo::- o ;,hyta 

S e l e na s tr u m :nin 1t u m 
(!'-: a e g e li) C o llin s 

Spi r .:, 6yr a s p , L ink 

\' oh-ux t e r t i us M cy.! r 

T ot a l 

Ch r y10;,h,~ a 

Ce nt r ic dia t o"TI 

P ·et"'\at d , t o"TI 

T o~a \ 

C ya :, ,p'-iyta 

Sp · r il , na_ .e.r..•~ 
( W a: n1 W 1t) G . S. W ,:a: 

T ot I 

E cig I nop'lyta 

l.i n 1dcn~ ,C, 11I,\,: F:uglr ,, lei 

T ot&\ 

To•. \ c o·.1nt 

i;, V l ·.1 a r e cxp r c11 

28 -1 0 , 0 ) 

18) . 00 

30 20 . 00 

1820 . 0 ) 
2'>3'.l . 0 0 

H S0 . 00 

H 0 . 00 

H :. 0 . 00 

14 30 . 00 

,n : clla pe r l itr e 

II 

* 180 , 00 

8 18 0 . 00 

-1 0 . 0 0 

8 40) , 0 0 

720 . 00 
12 o. oo 
2000 , 00 

6070 . 0:> 

n070 . 00 

l o H0. 00 

Stat io 'ls 

III IV X 

1480 , 00 415.00 

309230 , 0 ) 8 0 :J SZ. 50 

120, 0 :) 8 5, 0 '.) 

120. 00 3107 10. 0 ·J 8 05 62 . 5::J 

14 80 . 00 1005 .00 
7230 . 00 145 620 . 00 39 190. 0'.) 

8 7 10 . 00 145 620 . 0 ·J 40 195.00 

590 . 00 l-1 80 , 00 517. 50 

5 0 . 00 1480 . 00 517. 50 

4 3540 . 00 66 70 . 00 1593 5.00 

435 40 , 00 6670 , 00 15935 . 00 

52960 . 00 464480. 0 0 1372 10. 00 

..... 

..... 
u, 



Table XXXI. Phytoplan.ktoo. counts from stations I th.rough IV in a Kentucky farm pond 28 Dec embe r 1974, Christian Co-inty, Kentucky. 
Samples from ea c h station were lump e d to determine the m e an number of cells . 

Stations 

Taxo '1 **I II Ill IV x 
Chlor ophyta 

Netr ium i nterr .i:2tum 
(Br ebissio'1 ) L utkemwlcr ,:, 150 . 00 37. 50 

Seir o3yra s p . Link 29470 . 00 108 9 0 .00 11200 . 00 16 550 . 00 17027.50 

Ulot h r ix tenerrima K utz.inA 1111 0 . 0 0 277oS . 0 0 9719 . 50 

V ol vo.< ~ M eye r 330. O·J 82. 50 

T ota l 4 0530 . 0 0 108 o. oo 38968 .00 17030.00 26867.00 

Chr ysophyta 

Ce nt ri c diato:n 2220 . 0 0 3470.00 1850.00 188 5.00 

Penna. l e diat o:n ~3390 . 00 11 2620 . 00 16 000 . 00 224 10.00 48605.00 

Tot a l 15 !> 10 . 00 11 262 0 . 0 0 19 470. 00 24260 . 00 50490.0J 

Eug l enophyta 

Unidcntul bl Euglcn I .• 242 10 . 00 59 30 . 00 15 110. 00 11 480 .00 14182. so 

Tot I 2 2 10 . 00 59 30 . 00 15 110. 00 11480.00 14182. 50 

T otal count 11 0 00 . 00 129 40 . 0 0 7354 8 . O:> 52770.00 9 1539.50 

"' Va lue ■ II. r e cxprc11 c d ,n c cl11 pe r I tr c 
>(>') S ignlHc1 111.mplc w • c ontatnJn t d by Cun;iJ1 

...... 

...... 

"' 



APPENDIX II 

Table XXXIl. Qualit a t ive lis t of the d iv i sio :1 Ch r y s o?hyta fro m s tat ion s I through IV in a Kentucky farm pond from 6 August 1974 
thro:ig h 2 8 Dec e mbe r 197-!, C hris t i an C o ·J nty , Kentucky . 

Sam pling Period 

Ta..x on 6 / A I 3 / A 2 0 / A 2 7 / A 3 / S 10/ S 17 / S 29 / S 5/ 0 12 / 0 19/ 0 2 5/ 0 9/N 16/N 24 / N 30/N 14/D 

C e nt r ob a c i Ila r iophy c e a e 

Cyc\ot e\l a. sp . K tz 1ng X X X X X X X 

M elos, r a. s p . ? 
A ga.rdh • x 

P e nna.t oba cll la. r 1oph y c eac 

A ch nan t hc: a 1n!\ata 
( i n E . P . A .-)-.-- X 

~ • p. Bo r y 

Cr mbclla Cll l u la. 
Hem pr ,c:h)Cr°unow X X X 

C . t u m,da. 
71frc6iia,on) Va. nit,, r c k 

C . vcn l r 1co1a 
K:.itz1ng 

C . •p . A ga rdh X X X X 

21 / D 28 / D 

X X 

X 

X 

X 

X 



Table XXXIl. (Contin ued) 

T a..xo n o/ A 13/A 20 / A 27/A 

~a pe c t inalis 
(Kutzing) Rabenhorst 

f rilg liar1a a.r c us 
( in E.P . A~ 

F . brev11lr\a.t, 
G r ·.rnow ,n \"an.Hc u r c k 

F. c a.puc ,na. 
De sma.z.1c r e1 

!:_: ap . Ly ngbyc 

Fr u ■ l 1t 1. r homb o ,d t·• 
( £hrcnbc r ) Def . 

M crid,on c i r c u lar 
( rev.) A g ard!-

~ v 1cu \ c na lla 
Patr ick __ _ X 

X 

3 / S 10 / S 17 / S 

X 

X 

29/ S 

Sa m plin g Period 

5/ 0 12 / 0 19/ 0 2 5 / 0 9/N 16/N 24/ N 30 / N 14 / D 21 / D 28 / D 

X 

X X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

...... 

...... 
00 



Tab l e XXXIl. (Conti n ued ) 

T a x on o/ P, 13 / A 

:-;. cn·pt o c e ph a la 
K-J tz in g 

l" . e xigua 
G r ego r y ex G r u now 

1' . m u t ic a K J tzi n1< 

:--; . s p. B o r y 

:s! it zs c h 1a a mph ib 1a 
Gr \.lno v. 

>I . l a c •Jna m 
7 i:1 E.P. A . )? 

~ ~ L WI S 

~ - &l gmoldc 
- (£h r nb ·r g) W . Smit h 

X 

X 

N . ap . ( Ha u all, W . Smit h ) 
Gr now 

P 1nnula r 1a g1bba 
Eh r cnb r g 

20/ A 2 7 / A 3/S 10/S 17 / S 29/ S 

X X 

X 

X 

X 

Sampling P e ri od 

5/ 0 12 / 0 19 / 0 2 5/ 0 9/ N 16 / N 24 / N 30 /N 

X X X 

X 

X 

X X X 

X 

X 

X 

X X X 

14 / D 2 1/ D 28/ D 

X X 

X 

X X X 

,_. 
,_. 
-.D 



Table xxxn. (Continued) 

Ta.xnn o/ A 13/ A 20 / A 27 / A 

P. ( str e et o raehe?) 
Cleve 

P . sp . Ehrenber g 

Staur o neis a nceps 
Ehr enb e r g 

s . ehoeni. ce ntron 
-{. g ra. c i l es Ra. bh , 

s . sp. Eh r enberg 

Surir e lla. s p . Turpin 

S ynedra paras,tica 
( ,n E. P.A . )' 

s . r um e na K tung 

S . ul na 
( N,tzs c h) Ehrenber g X 

s. p. Ehr nb r g X 

Ta.bell r ,a {en a tra.ta 
(Lynby ) K u tr:,n s 

Sampling P e riod 

3/ S 10/S 17/ S 2 9/ S 5 / 0 12 / 0 19/ 0 25 / 0 

X 

X X 

X 

X 

X 

X X X X X X X X 

X 

9/ N 16/N 24 / N 

X 

X X 

X 

X 

X X X X 

X 

30/N 14/ D 

X 

X X 

X 

2 1 / D 

X 

X 

28/ D 

.... 
N 
0 



Table XXXII. (Contin.i ed) 

Taxon b / A 13 / A 20/ A 2 7 / A 3/ 5 10 / 5 17 / 5 29 / 5 

T. fl occu loa a 
7R oth) K tz.rn g 

!.: I p, Ehrenber g 

Junivil c 1 X 

• 5lgniHe a the prc1en ce o! the t&.Jtoo dur1n th 1ampllng period 

Sampling P e riod 

5 / 0 12 / 0 19/0 25/0 9/N 

X 

X X 

lb / N 24/N 30/N 

X 

X 

14/D 21/D 28/D 

..... 
N ..... 



APPENDIX III 

In an unpublished investigation of th 
e same Kentucky farm pond 

from 13 September 1973 through 24 Novemh 1
973 

. . . 
er , this investigator 

found that both the surface water and air tem t 
pera ure showed the same 

parallel decline. The water colu.mn also exhibited inconsistent strati": 

f ic a tion 3.S observed in Table xxxm. 

The dissolved oxygen in the surface waters indicated a general 

increa s e in concentration as the temperature declined. There was 

also a noticeable dissolved oxyg en depletion in the bottom waters 

during th e warmer months as indicated in Table XXXIV. The Secchi 

disc values in Table XXXV, showed the same ge ne ral trend as in the 

inv e stigation of 1974. 

The total hardness v alues in Table XXXVI, did not conform to 

those values observed in the investig ation of 1974. 

The orthophosphate values in the pond water, as shown in 

Tabl e XXXVII, were very inconsi stent and unexplainable . 

h th 1 ls observed The nitrate nitrog en valu es did not reac e eve 

in the 19 74 inves tig ation as shown in Table XXXVID. 

XXXIX wer e lower than those re co r ded The pH values in Table 

in the inv estig ation of 19 74. 
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Table XXXIII. Temp eratures fro m station 1 • 
from 13 September 1973 through 24 No b in a Kentucky far m pond 
Ke ntucky. vem er l973 , Christia n County, 

Location 

Date A SW :~ 30 . 48 60.9 6 91 . 44 121. 92 152.40 182 . 88 

13 Sept . ~:~:,25 25 25 25 25 22 20 20 

23 S ept . 29 27 24 22 21 20 19 19 

2 9 S e pt. 2 8 2 6 24 23 2 3 2 1 19 19 

12 O ct. 32 2 4 22 21 21 20 19 19 

20 O c t . 21 16 15 15 15 14 14 14 

2 7 Oct . 19 16 15 15 15 15 15 15 

10 N ov . 7 7 7 7 7 7 7 7 

17 Nov. 11 10 8 8 8 8 8 8 

14 11 11 10 10 10 

2 4 N ov . 24 17 

::, D ept h is expr es s ed as cm 
::: ::, Te\np e r a t ure i s expr essed as °C SW = surface water 

,:c::::< A bb r eviati o n s a s f ollow -- A = atmosphere, 
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Table XXXIV. Dissolve d oxyge n val f 
d f 23 

ltes rom stat· I . 
£arrn pan rom September 197 3 th ·wn 111 a Kentucky 
Christian County, Kentucky. rough 

24 
November 1973, 

Location 

Date Surface •no. 48 6 o. % 9l, 44 121. 92 152. 40 182. 88 

2 3 Sept. ,:,,:, 5. 0 3. 0 o. 3 o. 3 o. 3 o. 1 o. 1 

29 Sept. ::c , :, , :: . . . . . . 2.7 0. 1 o. 1 o. 1 o. 1 

12 Oct. 7. 6 7. 6 4.7 3. 2 o. 3 o. 1 0. 1 

20 Oct. 5. 6 5. 5 4 . 8 4 . 6 4 .2 4 . 0 3. 7 

2 7 Oc t. 6 . 6 6 .2 6 . 1 5. 8 5 . 0 4 . 8 4 . 8 

10 Nov . 9 .4 9 .2 8 . 7 8 . 7 8. 4 8 . 4 8. 4 

17 Nov . 7. 3 6 . 6 6 . 1 6 . 0 5 . 7 5. 5 . . . 

24 No v . 6 . 4 3.8 1. 3 o. 1 0. l 0 0 

,:, D e pth is expr e ss e d as c m 
::<;~ Dissolve d oxy gen i s expr essed a s rng/1 

,:,*,:, P e riods sig nify no sample take n 
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XXXV. Secchi disc visibility values from station I in a Kentucky 
Table nd from 13 September 1973 through 24 November 1973, Christian 
farrn P0 

ty Kentucky. Coun , 

Dates 

13 S e pt. 

23 Sept. 

2 9 S ept . 

12 Oct. 

20 Oct. 

27 Oct. 

10 Nov. 

17 Nov. 

24 Nov. 

Station 
I 

* 304 

,:<*. . . 
254 

330 

457 

368 

330 

127 

76 

nun of v isibility 
are ex.pressed as 

,:, Secchi dis_c v_alu~~ sarnple taken 
,:<>:< P eriods signify 
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Tabl e XXXVI. T otal hardnes s value f 
Kentuc_ky far m p o nd from 13 Se ptem:e/~~;tations I through III in a 
Christian County, Kentucky. · 

th
rough 24 November 1973 

, 

Stations 

Da tes I II III 

13 S e pt. ,no. o J, .J, ,..,.. . . . . 

2 3 S e pt. ~o.o ·40.0 . . . 

2 9 S e pt. 
4 0.0 . . . . . . 

12 O c t. 
50.0 50 . 0 50 . 0 

20 Oct. 
50 . 0 40 . 0 50 . 0 

2 7 O ct . 
50 . 0 40 . 0 

50 . 0 

10 Nov . 
40 . 0 40 . 0 

40 . 0 

40 . 0 
40 . 0 

40 . 0 

17 Nov . 
40 . 0 

40 . 0 . . . 
2 4 Nov . 

., d /1 alcium carbonate 
;, Values ar e ex:press e as rng c 

,:<,:~ P e r iods signify no sam ple t a k e n 
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Table XXXVII. Orthophosphate value f 

Kentllc_ky farm pond from 13 Septembesr 1~~ ~tations I through Ill in a 
Christian Co unty, Kentucky. hrough 24 November 1

973 

Stations 
Dates 

I 
II 

13 S ept. ::, o. 40 
**· . . 

2 3 Sept. 0.20 o.oo 
2 9 Sept. 0 . 35 . . . 
12 Oct. 0.60 o. 10 

20 Oct. 0.20 o.oo 
27 O ct . o. 12 *** 7.70 

10 Nov. o. 10 o. 11 

17 Nov. 0.25 O. IQ 

24 Nov. o. 35 0. 90 

~:, Values are expressed as mg/1 orthophosphate 
~:< ~:, Periods signify no sample taken 

~:,~, ~!< Averaaed from two replicate samples 
0 

III 

. . . 

. . . 

. . . 
0.20 

s.oo 

o. 01 

o. oo 

o. 10 

. . . 

, 



12H 

rr'a\)le xxxvrn. Nitrate nitrOlTC n val > f .I. i-. ues rom st t· 
J:<entu cl<.y farm pond from 23 September 1973 a ions I through III in a 
Christian County, Kentucky. 

th
rough 24 November 19731 

Dates 

23 Sept. 

29 Sept. 

12 Oct. 

20 Oct. 

27 Oct. 

10 Nov. 

17 Nov. 

24 Nov. 

I 

o. 12 

0.04 

0.09 

0.40 

o. 70 

0.90 

o. 75 

Stations 

II 

0.03 

a.oz 

0.07 

0.30 

1.00 

o. 70 

o.65 

--------
::< Values a r e expr es sed as m g /1 nitrate nitrog en 

::<::< Periods signify no sample taken 

Ill 

. . . 
0.01 

0.08 

0.20 

0. 01 

o. 75 

. . . 
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XXIX. pH values from stations I through Ill in a Kentucky farm 
Table X 13 S e ptember 1973 through 24 November 1973, Christian · nd fr01n 
P

0 
ty Kentucky• 

coun ' 

Dates 

13 Septo 

2 3 Sept . 

29 Sept. 

12 O ct . 

20 Oct. 

27 O ct. 

10 Nov . 

17 Nov. 

24 Nov . 

~:, Periods indicate 

Stations 

I II 

6 .0 
,,. .,.. . . . 

5.4 5.3 

5.5 . . . 
6 . 1 5. 6 

7. 1 6 .7 

5 . 3 5 . 7 

6 .0 
6 . 0 

5 . 7 
5. 7 

6 .0 
6 . 0 

no sarnple taken 

ill 

. . . 
. . . 
. . . 
5. 5 

6. 5 

. . . 
6. 0 

5. 7 

. . . 
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