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Three north central Texas reservoirs (Grapevine Reservoir,

Lake Ray Hubbard, Lewisville Reservoir) were investigated in

order to characterize the nutritional ecology, phytoplankton

community structure, and primary productivity within the

trophogenic zones of each. Emphasis was placed on elucidating

the relative influences of the major nutrients (C, N, P, Fe,

Si) and various other physico-chemical parameters on

phytoplankton community biomass, structure, and productivity.

Extensive physical, chemical, and biological analyses

consisting of approximately eighty parameter measurements

were made on each of twenty-three integrated water samples

(surface to three meters) taken from the three reservoirs

during the period July, 1971 to June, 1972. New methods

which were employed included a high-intensity ultraviolet

photocombustion procedure for the determination of total

nitrogen, phosphorus, and iron, and an in vitro oxygen method

for estimating community metabolism.



General chemical and physical regimes are described for

the three reservoirs, and various interrelationships discussed.

Phytoplankton communities are delineated on bases of species

composition, volume, diversity, pigments, and metabolism data.

The more salient biotic and physico-chemical interrelationships

are examined within the context of the limiting nutrient

controversy.
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CHAPTER I

INTRODUCTION

It is interesting that man will invest so heavily to

provide a water resource and then, by polluting it, so

unwittingly contribute to its demise. This ambiguity is a

salient result of the assumption that water is an unlimited

resource. However, confronted by a burgeoning population

with its concomitant resource demands and waste disposal

problems, water resource experts now recognize this

assumption as being not only invalid, but absurd. It is now

realized that meeting projected water demands even for the

next few decades will be a formidable task. With little or no

pollution abatement it will become a futile task.

In order to meet the growing demand for water, water

resource planners have come to rely principally upon the

impoundment of surface streams. This provides for retention

and utilization of surface runoff which would otherwise be

unavailable. Justification for constructing a new reservoir is

generally based upon the predicted lifespan of the reservoir.

Considering man's tendency toward extravagant consumption of natural

resources, the useful lifespan of a reservoir may be defined as

1
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the period of existence from its initial employment to that

time at which it no longer provides water of a quality

acceptable to the majority of its prescribed uses. This

lifespan may be seriously shortened by a variety of inter-

related factors such as allochthonous and autochthonous

sedimentation, evaporation and consequent increased mineraliza-

tion, excessive growth of aquatic macrophytes, pernicious

algal blooms, and pollution accompanying man's activities.

These factors are symptomatic of a process known as accelerated

eutrophication. To understand and effectively control them

is an incontestable requirement for lifespan extension and

subsequent increased water resource potential of reservoirs.

Eutrophication

In order to describe the nutrient conditions of German

bogs, Weber (1907) introduced the terms eutrophic, mesotrophic,

and oligotrophic in their German forms--"nahrstoffreichere

(eutrophe), da& mittelreich (mesotrophe), und zuletzt

nahrstoffarms (oligotrophe)". Several years later these terms

were introduced into limnology by Einar Nauman (1919) and

then employed by Thienemann (1925) in his classification of

lakes into oligotrophic, eutrophic, and dystrophic types.

Naumann's and Thienemann's works, along with those of other
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early European limnologists such as Strom (1928) and Ruttner

(1940) established the common scientific usage of the term

eutrophication.

The term eutrophic was derived from the Greek words "eu",

meaning "well", and "trophein", meaning "to nourish". Thus,

the term eutrophication literally referred to a process of

nutrient enrichment. The process of eutrophication was

described by the early European limnologists as an aging or

maturation process which manifests itself by an increase in

productivity associated with an accumulation of nutrients

through time. It was recognized as an inexorable process of

nature by which a body of water progressed from a relatively

deep infertile youth through an adolescence of increasing

fertility and then to a slow extinction in which it filled

with sediment. The sediment, primarily generated by biological

activity within the body of water, hastened the progression to

shallower phases and eventually to a marshy existence and

then dry land.

In a recent Sport Fishing Institute Bulletin (SFI, 1972)

it is well pointed out that the term "eutrophication" is being

somewhat prostituted from its original sense to connote some-

thing evil. It should be recognized that eutrophication is

usually a lengthy and quiescent process of nature. It is the
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acceleration .of eutrophication with its noxious symptoms

fueled by man's activities that is promising foreclosure

on future uses of surface water resources.

The serious nature of the threat of accelerated

eutrophication to our water resources is evidenced by the

large amount of research and literature dedicated to its

causes, symptoms, and cures. Some of the more notable recent

papers which describe the basic concepts of eutrophication are

those of Thomas (1962, 1969), Sawyer (1962, 1971a), Fruh (1967),

Owens and Wood (1968), Vollenweider (1968), Borchardt (1969),

Edmondson (1969), Hynes (1969), Ketchum (1969), Rodhe (1969),

and Likens (1972) .

The search for methods to prevent the acceleration of

eutrophication has centered appropriately around the limitation

of nutrients. An obvious solution would be to remove all

nutrients from our waterways. This, of course, would be an

extremely difficult and costly task. Thus, attention has

focused upon elucidating a few of the more important factors

which influence eutrophication and working within a compromising

framework to retard its acceleration.

Limiting Factors

The success of an organism in a given environment may

often be governed by the concentration of its most meager
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requirement for growth and reproduction. This idea was first

clearly expressed by Justus Liebig (1840) in his statement

that "growth of a plant is dependent on the amount of food

stuff which is presented to it in minimum quantity". This

statement has come to be known as Liebig's "law of the

minimum". The concept was later expanded to include factors

other than nutrients such as light and temperature (Taylor,

1934).

Realizing that too much of something as well as too little

may also represent a limiting condition, Shelford (1913)

incorporated the concept of the limiting effect of excessive

quantities as well as minimal quantities of an environmental

factor into his "law of tolerance". In essence, this was a

statement that an organism exists only within its limits of

tolerance for environmental factors.

Thienemann (1926) carried the toleration concept one

step further by proposing a "law of the operation of

environmental factors". This was a contention that an

organism is controlled by those environmental factors which

impose the most unfavorable effects upon that stage of an

organism which manifests the "least ecological valence".

Ecological valence referred to the range of influences within

which the organism maintains itself.
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Welch (1952) discussed biological productivity in aquatic

environments and entered another important consideration into

the limiting factor concept. This was factor interaction.

He consolidated the various aspects of the limiting factor

concept with the statement that "the understanding, then, of

conditions of biological production depends not only upon the

recognition of each of the operative factors and a measure of

their quantities or intensities but also upon a knowledge of

the way in which they behave in the presence of each other".

When considering environmental factors which influence

the biota of aquatic systems, temperature and light certainly

must be recognized as being among the most influential. They

are, however, factors over which we have little control, and

consequently have received little attention in the search

for correctives for eutrophication. As is readily evidenced

in the literature, an inordinate amount of time and energy has

been expended in characterizing and controlling the influences

exerted by nutrients on eutrophication. The majority of this

effort has centered around the three major nutrients--carbon,

nitrogen, and phosphorus.

Carbon as a limiting nutrient.--Carbon provides the

molecular skeletons for the biochemical constituents of
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living material and is thus required in greater quantities

than either nitrogen or phosphorus. It is usually found in

abundance in natural waters as inorganic carbon in the forms

of carbon dioxide, bicarbonates, and carbonates, and to a

lesser degree as organic carbon. It is, of course, subject

to continual cycling through both the inorganic and organic

phases due to the activities of aquatic microorganisms.

That carbon may be a limiting factor in some waters has

been suggested by several authors (Wright & Mills, 1967;

Lange, 1967, 1970a, 1970b; Kerr, Paris, & Brockway, 1970;

King, 1970) and overzealously pursued by others (Kuntzel,

1969, 1970, 1971; Legge & Dingledein, 1970). There has been

general agreement that carbon may be limiting in situations

such as in sewage lagoons with very high algal concentrations

(Bartsch & Allum, 1957; King, 1972). However, the contention

that carbon is a significant limiting factor in the eutrophica-

tion of surface water supplies has been admirably refuted

(Massey & Robinson, 1970; Shapiro, 1970; Sawyer, 1971a; Fuhs

et al., 1972; Morton Semau, & Derse, 1972).

Nitrogen as a limiting nutrient.--Although nitrogen is

an element of considerable nutritional importance in aquatic

ecosystems, it has been largely overlooked in the search for

eutrophication correctives. This neglect has been based on
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the premises outlined by Keeney (1972) that (1) phosphates

are present in only trace amounts in unproductive lakes,

(2) phosphorus additions by natural processes are low relative

to nitrogen, (3) phosphorus is more readily eliminated from

sewage by treatment than is nitrogen, (4) nitrogen additions

to waters are more difficult to control, and (5) the internal

nitrogen cycle is waters is more self-regulating. It has,

however, been strongly implicated as an influential nutrient

in eutrophication in a number of instances (Mtiller, 1953;

Gerloff & Skoog, 1954, 1957; Goldman & carter, 1965; Oglesby,

1969; Lueshow et al., 1971). Lund (1965) indicated that except

for central African lakes there is little evidence that

nitrogen is the nutrient limiting aquatic productivity, but

that low summer nitrate-nitrogen levels commonly observed in

eutrophic lakes might indicate nitrogen limitation at this

time of year.

Phosphorus as a limiting nutrient.--In discussing

phosphorus limitation of productivity, Hutchinson (1957) stated:

Of all the elements present in living organisms phosphorus
is likely to be the most important ecologically, because
the ratio of phosphorus to other elements in organisms
tends to be considerably greater than the ratio in the
primary sources of the biological elements. A deficiency
of phosphorus is therefore more likely to limit the
productivity of any region of the earth's surface than is
a deficiency of any other material except water.
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The inordinate influence of phosphorus in the process of

eutrophication has been well documented (Deevey, 1940; Sawyer,

1947, 1952; Ohle, 1955; Verduin, 1967; Mackenthun, 1968;

Vollenweider, 1968). However, attempts to describe its

influence in the aquatic environment as a simple cause and

effect relationship have been clouded by the extraordinary

ecological properties of phosphorus. Some of the more

important properties are (1) the relative insolubility and

slow solution rates of a majority of phosphorus compounds

(AWWA, 1970), (2) complex formation reactions with metal ions

and sorption of phosphates onto clay minerals (Stumm & Morgan,

1970), (3) the mobilization and release of phosphorus from

anoxic sediments (Mortimer, 1941, 1942, 1971; McKee et al.,

1970), (4) the ability of algae to concentrate phosphorus and

utilize it in later growth when the external source may be

depleted (Rodhe, 1948; Provasoli, 1969), and (5) the rapid

biological turnover (e.g. 3.6 to 5 minutes) of inorganic

phosphate in surface waters (Rigler, 1956).

Minor nutrients as limiting factors.--In considering the

relative importance of various elements in the eutrophication

process, the role of minor nutrients has been somewhat neglected.

Perhaps this is because investigations concerning the role of

minor nutrients in algal growth and production were initially
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retarded by the lack of chemical purity and contamination of

distilled water used to make growth media. However, sensitive

new methods for trace metal analyses and for the bioassay of

natural phytoplankton populations have made possible the pur-

suit of this question.

Using sensitive C-14 bioassay techniques, Goldman (1960a)

established molybdenum as an important limiting factor in

Castle Lake, California. Results of investigations of

Alaskan lakes also indicated molybdenum limitation (Goldman,

1960b). While testing ten New Zealand lakes with various

trace elements, Goldman (1964) found that seven responded

positively to molybdenum, eight to cobalt addition, and that

zinc stimulated porduction in seven of fourteen cultures run

on the ten lakes. In addition, four of the five lakes tested

with manganese showed a positive response, and photosynthetic

carbon fixation was stimulated in five of six lakes tested

with iron. Three lakes of Sierra Nevada of California

showed increased photosynthetic carbon fixation from additions

of molybdenum, zinc, manganese, and iron (Goldman, 1964).

Molybdenum appeared to be a limiting nutrient in lakes near

Spokane, Washington (Funk, Condit, & Craney, 1971). Patrick,

Crum, and Coles (1969) have indicated that manganese may be

important in determining algal floras in streams. Lange (1971),



11

working with filtered Lake Erie water, found that cobalt and

iron were limiting in about one-third of the water samples.

Response of algal photosynthesis and growth to iron addition

has been reported also for Lake Tahoe (Goldman, 1964) and

for two Indiana lakes (Wetzel, 1965). Staub et al. (1970),

on the other hand, found a negative correlation of iron content

with total plankton counts in twelve Memphis area water

sources. Subsequent correlations of iron concentrations with

algal growth or carbon fixation have introduced the question

of "availability" of this nutrient. Shapiro (1966, 1969)

offered some light on this question with discussions of the

characteristics and biological availability of iron in

natural waters.

The importance of silica to the Chrysophyta is well known.

Jorgensen (1952, 1957) and Lewin (1955) have shown that with

adequate amounts of all other nutrients in a culture medium,

the final yield of diatom cells is proportional to the amount

of silica added. However, since limiting concentrations are

of the order of 0.1 mg of Si02 per liter or less, silica

seldom becomes an apparent limiting factor in natural waters

except during intensive blooms (Schelske and Stoermer, 1971).

Goldman and Wetzel (1963) reported that sulfate and

nitrate limited algal productions under bloom conditions in
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Clear Lake, California. Polisini, Boyd, and Didgeon (1970),

using the C-14 bioassay technique, found that sulfate was the

single nutrient capable of increasing productivity in an

oligotrophic South Carolina pond.

Nutrient ratios.--In addition to concentration effect of

nutrients there has been strong (but rather scarce) evidence

that the ratios of certain nutrient concentrations may bear

significant influence in the biological productivity of

aquatic systems. Of the multitude of possible proportional-

ities, the N/P ratio has undoubtedly been of the most import.

Harvey (1926) noticed that the concentrations of

nitrogen and phosphorus in the surface water of the English

Channel were biologically reduced at similar rates. The ratio

in which these compounds were depleted from the sea water

was generally comparable to the atomic ratio (approximately

20) of these elements in marine phytoplankton (Redfield, 1934;

Fleming, 1940).

In studying the relation between dissolved substances

and the composition of phytoplankton in English lakes, Pearsall

(1932) found indications that the presence of certain phyto-

plankters was governed by the ratio of available nitrogen to

available phosphorus. Sawyer (1966) has indicated that low
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N/P ratios would be stimulating toward the development and

growth of blue-green algae.

The influence ascribed to N/P ratios in governing produc-

tivity or community structure has been based on the assumptions

that waters which contain nitrogen and phosphorus in ratios

greater than 15 to 1 have productivities that are phosphorus

dependent, and waters which have ratios less than 15 to 1

have productivities that are nitrogen dependent. These

assumptions have been successfully employed in a eutrophication

study of Lake Tahoe (1971). The significance of the N/P ratio

in the aquatic environment and the role domestic wastes play

in controlling it have been emphasized by Verduin (1967) and

Sawyer (1971b). Welch (1952) has indicated that the elucida-

tion of other somewhat more complicated ratios may provide

greater insight into the complicated interrelations of

essential substances and the relations to productivity.

Biotic factors.--The measurement of inorganic components

in an aquatic environment cannot adequately define a system's

algal ecology since soluble organic products (many of them

biologically active) are constantly being released by algae

(Fogg and Westlake, 1955; Fogg, 1962; Lefevre, 1964). These

products have been poorly defined and their activities only
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vaguely understood. That they influence phytoplankton

abundance and distribution has, however, been adequately

established (Lefevre, Jakob, and Nisbet, 1951; Rice, 1954;

Jorgensen, 1956; Hartman, 1959; Vance, 1965; Lange, 1971).

Saunders (1957) reviewed studies on the relationships between

dissolved organic matter and phytoplankton and pointed out

four functions which dissolved organic substances may have

for algae: (1) direct nutritional value, (2) source of

accessory growth factors, (3) toxins or growth inhibitors,

and (4) chelation of trace metals.

The numerous unsuccessful attempts to fully correlate

factors such as species succession, bloom formation and

decline, and algal distribution with concentrations of

inorganic materials, temperature, and light suggest a need

to research more fully the role of extracellular metabolites

in the aquatic environment.

Objectives and Significance of Study

The objectives which were to be met through this research

were numerous and, in some instances, were only casually

related. Primary objectives were (1) to determine and

characterize, if possible, factors which exerted significant

influence on the phytoplankton community structure and
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productivity within the trophogenic zones of the selected

reservoirs, (2) to characterize the phytoplankton community

and nutritional ecology in the trophogenic zones of the

selected reservoirs, and (3) to elucidate the relative

influences of carbon, nitrogen, and phosphorus and their

various atomic ratios on the phytoplankton community structure

and productivity within the trophogenic zones of the selected

reservoirs. Secondary objectives centered around the design

and evaluation of new devices and techniques which could be

employed to provide greater accuracy and sensitivity in

gathering data to more adequately meet the primary objectives

of this study. These objectives included- (1) the design and

evaluation of a high intensity ultraviolet photocombustion

chamber to be used for total and organic nitrogen, phosphorus,

and iron determinations, (2) the design and evaluation of a'

system to measure productivity which would provide greater

intimacy with physico-chemical data than conventional methods,

and (3) the employment and evaluation of a variety of

procedures used to numerically characterize phytoplankton

community structure.

It is hoped that the information obtained in meeting

the research objectives provides some insight into the
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factors which regulate the eutrophication in southwestern

reservoirs and provides information which will be of utility

in the eventual effective management of reservoir water

quality.



CHAPTER II

DESCRIPTION OF STUDY AREA

The reservoirs selected for this study were Grapevine

Reservoir, Lewisville Reservoir, and Lake Ray Hubbard. All

three reservoirs were located in the Trinity River Basin of

north-central Texas. The locations of the reservoirs relative

to the Dallas-Denton-Fort Worth area have been illustrated

in Figure 1. The principal basis for selection of these

impoundments was the wide variation in productivity and

planktonic algal communities observed in the three bodies of

water. This offered the opportunity to study a number of

factors which may have been responsible for these variations.

Basic hydrological data for the three reservoirs (Dowell

and Breeding, 1967) are summarized in Table I.

Grapevine Reservoir

Grapevine Reservoir is located in the Trinity River Basin

in Tarrant County, 3.2 km northeast of Grapevine on Denton

Creek, a tributary to the Elm Fork of the Trinity River. The

project is owned by the U. S. Government and is maintained by

the U. S. Corps of Engineers. The reservoir is designed for

17
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flood control, conservation storage, and recreational

purposes, but also supplies water to Dallas, Grapevine, and

other cities in the area for municipal, industrial, manu-

facturing, and recreational uses.

Lewisville Reservoir

Lewisville Reservoir is located in the Trinity River

Basin in Denton County, 3.2 km northeast of Lewisville on

the Elm Fork of the Trinity River. The project is owned by

the U. S. Government and is operated by the U. S. Corps of

Engineers. The reservoir is one of several developments in

the Trinity River Basin for flood control, conservation

storage, and recreational purposes. The reservoir also

serves as a municipal water supply for the cities of Dallas

and Denton.

Lake Ray Hubbard

Lake Ray Hubbard is located in the Trinity River Basin

in Dallas and Kaufman Counties, 16.1 km northeast of Dallas

on the East Fork of the Trinity River. The reservoir lies

immediately downstream from Lavon Reservoir (Figure 1). Of

the 2780 square kilometers of drainage above the Lake Ray

Hubbard dam, 1995 square kilometers are located above Lavon

Dam. The project is owned and operated by the City of Dallas

for municipal water supply.



CHAPTER III

PROCEDURES

The sampling program for this study was initiated in

July of 1971 and terminated in May of 1972. The reservoirs

were sampled sporadically from July to January and on a more

regular basis from January to May. In all, twenty-three

samples were taken from the three reservoirs. The number

and dates for samples from each of the reservoirs are given

in Table II.

TABLE II

RESERVOIR SAMPLING DATES

Garza-Little Elm
Reservoir Lake Grapevine Lake Ray Hubbard
9-10-71 8-24-71 7-31-71
1-19-72 1-27-72 9-29-71
2- 9-72 2-23-72 2-15-72
2-29-72 3-14-72 3- 9-72
3-21-72 4- 1-72 3-28-72
4- 7-72 4-15-72 4-11-72
4- 18-72 5- 9-72 4-25-72

4-29-72
5- 2-72

21
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Field data acquisition included measurements of trans-

parency, temperature, pH, and alkalinity. Water transparency

was measured with a G. M. Instruments submarine photometer.

Readings were made at one-half-meter intervals to a depth of

five meters and at one-meter intervals thereafter until the

bottom was reached or light extinguished beyond the detection

limits of the instrument. Per cent transparency was recorded

as the ratio of the submarine photocell response to that of

the gimbal-mounted deck cell. Calibration of the two photo-

cells was checked on each sampling date. Temperature measurements

were made with a thermistor-probe thermometer at one-meter

intervals from surface to bottom. Hydrogen-ion concentration

was determined with a portable glass-electrode pH meter,

and alkalinity measured by titration with 0.02N sulfuric

acid, using phenolphthalein and methyl purple indicators.

Samples for laboratory analyses were collected as

composites from the one- to three-meter depth interval, with

samples taken at each one-half meter. Samples were collected

with a three-liter Kemmerer bottle and composited in a five-

gallon plastic container.

Immediately upon return to the laboratory, the composite

sample was well mixed and portions were allocated to containers
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appropriate for further analyses. For example, samples to

be analyzed for alkali metals or silica were placed into

polypropylene containers while those for carbon analysis were

placed into glass-stoppered flasks. This was done to avoid

specific contaminants from the containers. It should be

emphasized here that throughout all laboratory analyses

great caution was exercised to avoid contamination of

samples or standards.

For filtration, combinations of Gelman Type A glass

fiber filters (serving as pre-filters) and Millipore Type HA

(0.45-iA pore size) filters were thoroughly cleaned by running

through them 500 ml of 10% HCI followed by three 500-ml

portions of distilled water. The filter funnel apparatuses

were also thoroughly cleaned by acid-washing and distilled

water rinses. A volume of approximately two liters of the

composite sample was then filtered under 380 mm Hg vacuum

and stored in containers appropriate for forthcoming

chemical analyses.

Analyses of both the filtrates and whole samples provided

information concerning concentrations of nutrients in both

the soluble and particulate phases. Sample duplicates along

with a set of no less than four standards were run with each

chemical determination to insure accuracy. A diagram
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depicting the general flow scheme of laboratory analyses is

presented in Figure 2.

Physico-Chemical Analyses

Specific conductance was measured with a YSI Model 31

Conductivity Meter, following procedures described in Standard

Methods (APHA, 1971). Total solids (TS), total dissolved

solids (TDS), and suspended solids (SS) were also determined

according to Standard Methods (APHA, 1971). Total hardness

and calcium were determined by complexometric titrationusing

standard EDTA titrant (0.01M) and Calmagite (Hach Chemical

Co., Ames, Iowa) and Eriochrome Blue Black R indicators,

respectively. The titrations were conducted following

procedures outlined in Standard Methods. Chloride and

sulfate determinations were made following completion of the

sampling program on samples which had been stored frozen in

polypropylene bottles. Chlorides were determined by titra-

tion with 0.0141N silver nitrate, using potassium chromate as

an indicator. Sulfates were determined by the turbidimetric

method described in Standard Methods (APHA, 1971).

Carbon analyses were made with a Beckman Model 915 Total

Organic Carbon Analyzer according to procedures described in

information accompanying the instrument. Total and inorganic
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carbon analyses of both the whole sample and the filtrate

provided measurements of the following carbon parameters:

total carbon (TC), total inorganic carbon (TIC),, total organic

carbon (TOC), soluble inorganic carbon (SIC), soluble organic

carbon (SOC), particulate inorganic carbon (PIC), particulate

organic carbon (POC), total soluble carbon (TSC), and total

particulate carbon (TPC) .

Soluble reactive silica was determined by the heteropoly

blue method described in Standard Methods (APHA, 1971).

Concentrations were measured with a Klett-Sommerson filter

photometer using a 660-nm filter. Total and total soluble

silica were determined, respectively, by digestion of the whole

sample and filtrate with sodium bicarbonate followed by assay

for soluble reactive silica.

Soluble reactive phosphorus (SRP) was measured in the

sample filtrate by the ascorbic acid method outlined in

Standard Methods (APHA, 1971). Absorbance readings were made

in 10-cm cells with a Beckman Model DU Spectrophotometer. The

lowest consistently determined phosphorus concentration

with this system of measurement was 0.005 mg/l. Phosphorus

concentrations yielding absorbancies below those given for

this concentration were recorded as a trace (tr). Samples with

zero absorbance were accorded zero concentration.
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Nitrate-nitrogen (N03-N) was measured in the sample

filtrate by the modified brucine technique described in

Standard Methods (APHA, 1971). Nitrite- and ammonia-nitrogen

were determined by methods described by Truesdale (1971).

In essence, this method involved the oxidation of ammonia in

an alkaline-hypochlorite solution and the measurement of the

resulting nitrites via the formation of a highly colored azo

compound. Ambient nitrite concentrations were corrected by

an appropriate blank. A methods evaluation during the

early stages of this study indicated a superiority of the

method described by Truesdale over those described in Standard

Methods (APHA, 1971), particularly in regard to sensitivity

and reproducibility. Concentrations of NO3-N and NH3- and

N02 -nitrogen were measured with a Klett Sommerson filter

photometer using 420-nm and 540-nm filters, respectively.

Soluble reactive iron (SRFe) was determined in the

sample filtrate by the Ferrozine reagent method described by

Stookey (1970). The commercially prepared Ferrozine reagent

was obtained from the Hach Chemical Co.,, Ames, Iowa. An

evaluation of this method conducted in the early phases of

this study indicated a superiority in simplicity, sensitivity,

and reproducibility over procedures described in Standard

Methods (APHA, 1971). The success of this method as with other
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described methods for iron was, however, found to be limited

by the presence of organic compounds capable of chelating

iron. Thus, except for measurements of soluble reactive iron

only, there might arise a question of accuracy. Measurement

of the developed test color was made at 560 nm with a Klett-

Sommerson filter photometer or at 562 nm with a Beckman Model

DU Spectrophotometer and 10-cm cells according to range of

concentration. The minimum detectable concentration was

0.01 mg/l.

Metal determinations other than calcium and iron were

made at the end of the study period on samples which had been

stored frozen in polypropylene bottles since the date of

collection. Sodium concentrations were determined by flame

emission photometry, using a Beckman Model DU Spectrophotometer

and flame attachment. Procedures described in Standard

Methods (APHA, 1971) were followed. Potassium and magnesium

concentrations were measured by atomic absorption spectropho-

tometry with a Perkin-Elmer Model 303 Atomic Absorption

Spectrophotometer. Procedures described in information

accompanying the instrument were followed. Manganese and

lithium determinations were also made by atomic absorption

spectrophotometry. However, measurements were made on only a

few random samples to provide a general idea of their concen-

trations in the three reservoirs.
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Ultraviolet Photo-oxidation of Water Samples

for the Determination of Total Nitrogen,

Phosphorus, and Iron

The introduction of the use of ultraviolet radiation to

oxidize organic compounds in seawater (Armstrong, Williams,

and Strickland, 1966; Armstrong and Tibbitts, 1968; Strickland

and Parsons, 1968; Williams, 1969) and subsequent investigations

of its applicability to freshwaters (Henriksen, 1970; Manny,

Miller and Wetzel, 1971; Afghan, Goulden, and Ryan, 1971)

have provided a valuable new tool for water quality

investigations.

In their pioneer study Armstrong, Williams, and

Strickland (1966) employed a 1200-watt mercury arc tube to

photo-oxidize organic matter in seawater and found that

oxidation of organic matter followed first order kinetics

with respect to carbon, with a rate constant of about 0.05/

minute. They reported in their study that the following

compounds were oxidized substantially to completion within a

three-hour irradiation period: pyridine, 2-2'-bipyridine,

adenine, ethyl alcohol, methyl alcohol, glucose, glucosamine,

acetic and oxalic acid, formic acid, palmitic acid, dimethyl-

amine, casein, glycerol, phenylalanine and "humic acid". It

was also found that photo-oxidation of organic phosphorus
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compounds such as glycerophosphate, ribose-5-phosphate, RNA,

choline phosphate, and 2-aminoethanephosphonic acid (contain-

ing a C-P bond) for 1-2 hours resulted in complete

mineralization to orthophosphate of the phosphorus present

in the organic compounds. After only 20 minutes of irradiation,

solutions of RNA were completely degraded to give a theoretical

yield of inorganic phosphate. Linear polyphosphates, however,

were refractory to hydrolysis or depolymerization under

irradiation. Also of interest was the finding that nitrogen

(as a mixture of NO3 - and NO2-N) could also be recovered

quantitatively from irradiated organic nitrogen compounds.

Casein, 2-2' -bipyridine, thiourea, adenine, guanidine, and

pyridine were quantitatively oxidized after three hours of

irradiation. Urea, however, appeared refractory to the UV

irradiation and was decomposed only to the extent of 50 per

cent or less even in the presence of excess oxygen provided

by the addition of hydrogen peroxide. A later investigation

(Afghan, Goulden, and Ryan, 1971) has shown the photo-

oxidation of urea to be pH dependent and indicated that 100

per cent yields can be obtained at pH values of six and below.

Henriksen (1970) described the application of the

ultraviolet photo-oxidation method to the determination of

total nitrogen, phosphorus, and iron in natural and slightly
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polluted freshwater. In his study, organically combined

phosphorus and iron were converted into orthophosphate and

iron (III) in the presence of acid and excess oxygen after

one hour irradiation with a 900-watt high pressure mercury

arc lamp. Organonitrogen compounds and ammonia in solutions

with a pH range of 6.5 to 9.0 were oxidized to nitrate and

nitrite after four hours irradiation in the presence of

excess oxygen (insured by the addition of a few drops of

30% hydrogen peroxide solution).

Manny, Miller, and Wetzel (1971) applied ultraviolet

photochemical oxidation to characterizing quality and

quantity of dissolved organic nitrogen compounds in lake

waters. They indicated that ammonia as well as nitrates and

nitrites was formed during photocombustion of lake water and

that UV combustion of lakewater combined with sensitive

spectrophotometric nitrate, nitrite, and ammonia analyses

offered a 100-fold increase in sensitivity over the micro-

Kjeldahl method for dissolved organic nitrogen.

Afghan, Goulden, and Ryan (1971) explained differences

in the concentration of the ammonia in the photocambusted

reaction mixture as a function of pH. In an acid medium

organonitrogen was converted almost entirely to ammonia

nitrogen. This was due to the fact that at low pH values
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ammonia was only very slowly photo-oxidized. However, in an

alkaline reaction mixture the ammonia was more rapidly oxidized

to nitrites and nitrates. Thus, both pH and irradiation time

exerted influence on the concentrations of the various nitrogen

species in the reaction mixture.

The ultraviolet photocombustion methods employed in this

study were based on information provided in the previously

described literature and were the result of a year's

experience in evaluating a variety of procedures.

The UV photocombustion apparatus and irradiation system

utilized in this study are illustrated in Figure 3. The

photocombustion chamber design is the author's and is original.

The system employs a 1200W mercury arc tube ("189A' Engelhard

Hanovia, Inc., Newark, N. J.) and accompanying ballast. Sample

containers were clear fused quartz T08 tubes, 22mm ID, 25 mm

OD X 300 mm long with one end closed round and opposite end

joined to a 29/42 female joint (Amersil, Inc., Hillside, N. J.).

Clear fused quartz containers were required for UV irradiation

of samples, because other types of glass (Pyrex, Corex, etc.)

are considerably less transparent to ultraviolet radiation.

For the determination of total and total soluble fractions

of nitrogen, phosphorus, and iron, whole and filtrate sample

volumes (80 ml) were placed in the quartz tubes. One ml of
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0.1 M sodium bicarbonate and one drop of 30% hydrogen peroxide

solution were added to each tube and the tubes irradiated for

two hours. Following this initial irradiation period, the

tubes were allowed to cool and one ml of 1N sulfuric acid and

one drop of 30% hydrogen peroxide solution added to each.

(Amounts of hydrogen peroxide in excess of those specified

resulted in a significant peroxide residual which gave a

negative error interference in the modified brucine nitrate

test.) After addition of the peroxide and acid, the samples

were irradiated for another two hours. The combination of

sample irradiation in alkaline and acidic media ensured

photo-oxidation of almost any organonitrogen compound

including urea (Afghan, Goulden, and Ryan, 1971). The

combination of high temperature (sample temperatures stabilized

at approximately 900C, varying somewhat with color and turbidity)

and acid medium was capable of hydrolyzing any polyphosphate

present in the sample, thus enhancing the accuracy of the

total phosphorus test (Solorzano and Strickland, 1968).

Photo-oxidation was essentially complete following the four

hours of irradiation. Further irradiation resulted in no

measurable increase in total nitrogen, phosphorus, or iron.

It was probable, however, that samples containing large

quantities of organic matter would have required longer

irradiation periods.
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In order to determine total and total soluble nitrogen

the irradiated whole and filtrate samples were analyzed for

NO3 -, NO2 -, and NH3 -N. The sum total of these determinations

on the photo-oxidized whole sample represented total nitrogen

(TN). The sum of the three nitrogen species measured in the

irradiated filtrate represented total soluble nitrogen (TSN).

The difference between TN and TSN represents particulate

nitrogen (PN). Total organic nitrogen (TON) was calculated

as the difference between TN and total inorganic nitrogen

(N03-N + N02 -N + NH3-N) determined previously in the unaltered

sample filtrate. Soluble organic nitrogen (SON) was determined

as the difference between TSN and total inorganic nitrogen.

Total and total soluble phorphorus were determined by

measuring the soluble reactive phosphorus (SRP) content of

the irradiated whole and filtrate samples, respectively.

Particulate phosphorus was estimated as the difference between

total and total soluble phosphorus.

Total and total soluble iron were determined by

measurements of soluble reactive iron (SRFe) in the irradiated

whole and filtrate samples. Particulate iron was calculated

as the difference between total and total soluble iron.
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Biological Procedures

The procedures followed for the determination of

chlorophylls a, b, and c, and carotenoids were basically

those of Strickland and Parsons (1968). Three volumes

(usually 250 ml) of the surface composite water sample were

filtered under 380-mm Hg pressure through pre-washed membrane

filters (Millipore Type HA, 47 mm, 0.45 micron pore size).

One ml of 1% MgCO3 suspension was added to each of the three

filter funnels during filtration of the final 100 ml.

Following filtration, the filters were thoroughly drained of

moisture under suction. The unstained periphery of each

filter was then carefully trimmed away with clean scissors.

The remaining stained portions of the filters were placed in

clean screw-cap vials containing 8 ml of 90% spectrograde

acetone. These were shaken vigorously to allow the filters to

dissolve and placed in a refrigerator for 18-24 hours.

Following this extraction period the vials were removed from

the refrigerator and brought to room temperature in the dark.

Two ml of the 90% acetone were then added to each vial to

bring the final solution to 10 ml. The vials were again

vigorously shaken, and the contents of each placed in a glass

centrifuge tube and centrifuged at approximately 3200 rpm

for 15 minutes. Following centrifugation, the extracted
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pigments were chemically averaged by combining the three

10 ml volumes in a 10 cm spectrophotometer cell. Absorbance

of the solution was measured against a similar cell containing

90% spectrograde acetone at 750, 665, 645, 630, and 480 nm.

The absorption values were corrected for inequalities of the

optical system with measurements obtained from cell-to-cell

blank determinations immediately prior to measurements of

the extract. The concentrations of the pigments were then

calculated using formulae provided by Strickland and

Parsons (1968).

Concentration of Plankton

Immediately upon return to the lab, the surface composite

water sample was shaken and a 250 ml-aliquot was taken. One

drop of liquid detergent was added with stirring to the sample

and the sample then divided equally into six 50-ml polycarbonate

centrifuge tubes. The contents of the six tubes were then

centrifuged at approximately 2500 rpm for 10 minutes. The

supernatant was then carefully decanted down to a volume of

about three milliliters. The sedimented material was stirred

back into suspension with a rubber policeman and the contents

of each tube along with a distilled water washing were

transferred to a 25-ml graduate cylinder. The plankton

concentrate was then brought to the 25-ml volume with two
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milliliters of neutral formalin and distilled water. This

procedure thus yielded a ten-fold concentration of the

original plankton sample. The concentrates were stored in

screw-cap vials in the refrigerator until the counts were

to be made.

Plankton Counting

Prior to counting, the plankton concentrate was removed

from the refrigerator and allowed to come to room temperature.

The concentrate vial was carefully shaken and a small aliquot

pipetted onto the two counting stages of an AO Brightline

Hemacytometer. The volume to be counted on each stage was

0.1 cubic millimeter. Ten such volumes were counted for each

sample,making the total counted volume one cubic millimeter.

In characterizing the phytoplankton community structure for

information analyses, the number and volume of taxa were

emphasized rather than species identification and enumeration.

Algae were identified to genus and species when possible and

volumes estimated with an ocular micrometer and appropriate

mathematical computations. Phytoplankton volumes were

recorded by taxon and phylum as microliters per liter.

Zooplankters were never present in abundance and were not

considered in this study.
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Community Metabolism

Community metabolism of the three lakes was measured in

the late summer, fall, and early winter months by the diurnal

oxygen analysis procedures described by Odom and Hoskins (1958).

During this period it was recognized that in order to meet

proposed objectives, a greater intimacy of production measure-

ments and biological and chemical analyses would be required.

To satisfy this requirement, a system for measuring community

metabolism was devised which combined features of the light

and dark bottle method of Gaardner and Gran (1927), the

diurnal oxygen method of Odom and Hoskins (1958), and the

laboratory microecosystem metabolism study of Beyers (1965).

The system was composed of a six-liter flask placed on

a magnetic stirrer inside a controlled-light-and-temperature

cabinet. A dissolved oxygen probe and thermistor were located

near the bottom of the flask at the end of a piece of poly-

propylene tubing that had been inserted through a hole in

the stopper. Dissolved oxygen and temperature measurements

were monitored with a Rustrak Model 192 DO and temperature

recorder. The complete apparatus is illustrated in Figure 4.

Upon return to the lab,,the flask was filled with six

liters of the composite water sample. A stirring bar was

dropped into the flask and the DO and temperature probes were
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inserted into the flasks being careful to exclude all air.

The flask was then placed on the magnetic stirrer in the

cabinet and the stirring bar brought to sufficient rpm to

provide the required movement of water across the DO probe

membrane. The cabinet temperature was set to the temperature

of the surface water at time of collection and the system

allowed to equilibrate to this temperature. Light intensity

was held constant at approximately 400 foot-candles of cool

white fluorescent light from overhead. The light-dark regime

was held constant at 12 hours dark and 12 hours light. Actual

measurement began following temperature equilibration at the

time approximating natural dusk. At this time the cabinet

lights were turned off for 12 hours and then on again for 12

hours. The measured depletion of dissolved oxygen during the

initial 12-hour dark phase was doubled to give an estimate of

24-hour community respiration. The measured increase of

dissolved oxygen during the 12-hour light phase gave an

estimate of net production. Gross production was computed

by adding the values for net production and community

respiration. The minimum detectable change in dissolved

oxygen concentration with the recorder was 0.05 mg/l.

Due to artificial lighting and enclosure, the data from

this system of community metabolism measurement may not have
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been directly related to natural values. However, the system

provided some important advantages over conventional field

methods, particularly in regard to this described research.

It was much less laborious and time-consuming and obviated

corrections for diffusion. It offered better possibilities

for comparison of metabolism data, and provided the intimacy

of metabolism data and physico-chemical and biological

analyses of the water necessary to meaningful relationship

analyses. A distinct advantage of this method was the

potential for production estimates under a wide variety of

controlled light and temperature regimes.

Community Structure Analyses

In order to elucidate the relationships between the

phytoplankton community and its physico-chemical environment

it was necessary to find means of numerically characterizing

the phytoplankton community structure. The following para-

meters were considered essential for a good characterization:

(1) total phytoplankton volume and number, (2) taxon volume

and number, (3) per cent volume and number contribution by

each phylum, and (4) pigment concentrations. In addition,

a modification of the D4 3 0 /D6 6 5 pigment ratio proposed by

Margalef (1957) as an indicator of structural properties of
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the phytoplankton community was employed. This was the

ratio of the absorbancies at the stated wavelengths of an

acetonic pigment extract. The modification employed was, for

simplicity, the ratio of absorbancies at 480 and 665 nm

(A4 8 0/A 6 65) which were obtained from the pigment determinations.

This was, in essence, a ratio of yellow to green that, in

addition to other properties, may have reflected the effects

of nutrient depletion.

Special emphasis was also placed on diversity information

in characterizing the phytoplankton community. The parameters

of diversity index (D), theoretical maximum diversity (Dmax),

theoretical minimum diversity (Dmin), and redundancy (R) were

determined from the following information theory equations as

used by Patten (1962):

(1) D =, ni log ni

(2) Dmax = log2 N! - S log2 (N/s)!

(3) Dmin = log2 N! - log2 [N - (S-l)II

(4) R=Dmax - D
Dmax - Dmin

where (N) is the total number of organisms, (ni) is the

number of individuals per species, and (s) is the number of

species per unit volume. The index of diversity (5), as

earlier described by Shannon and Weaver (1963), is dimensionless,
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independent of sample size, and represents the contributions

of the ith species to total community abundance (Wilhm, 1967).

Redundancy (R) is an expression of the dominance of one or

more species and varies inversly with the wealth of species.

A value of zero is obtained if each individual is of a

different species and a value of one is obtained if all

individuals are of the same species.

It was recognized that phytoplankton-nutrient inter-

actions are to a greater degree volume and surface area

functions rather than of number. Thus diversity information

analyses based on volume were also conducted. The equations

of Patten (1962) were again usedsubstituting total phyto-

plankton volume (i1/1) for N and volume per species for ni.

The number of species was again represented by s. In these

analyses D represented community diversity based upon

species volume contribution and R indicated the volumetric

dominance of one or more species.



CHAPTER IV

RESULTS AND DISCUSSIONS

Physical conditions for the three reservoirs were

basically the same as, and similar in many respects, to

conditions described for other Texas impoundments (Harris

and Silvey, 1940; Silvey, 1968; Fruh and Davis, 1969;

Kimmel, 1969). The reservoirs were relatively shallow with

only limited areas exceeding ten meters in depth.

Rainfall and pool level characteristics for the three

reservoirs are illustrated in Appendix Figures IA, 2A, and

3A. Water levels were lowest during late summer and early

fall and highest during the winter following periods of heavy

rainfalls generated by the passage of cold fronts. Pool

levels for Grapevine and Lewisville Reservoirs varied through

approximately five meters during the period of study, whereas

the Lake Ray Hubbard pool level varied through less than two

meters. This greater constancy was attributed to the fact

that Lake Ray Hubbard is located immediately downstream from

Lavon Reservoir (Figure 1), which acts as a runoff buffer and,

as a result, provides a more constant source of water to

Lake Ray Hubbard.

45
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General Physico-Chemistry

Basic physico-chemical water quality was similar for all

three reservoirs. The only notable difference in general

water quality was in transparency, as indicated by the

trophogenic zone depth values provided in Tables III, IV,

and V. Based on late summer measurements, Grapevine Reservoir

was considerably less turbid than either Lake Ray Hubbard or

Lewisville Reservoir. The latter two reservoirs at this

time exhibited similar transparencies. Late fall and winter

rains resulted in the accumulation of considerable quantities

of turbid runoff which, in turn, resulted in greatly diminished

transparencies within the reservoirs. This influence

remained apparent as late as the month of May. Of the three

impoundments, Lewisville Reservoir consistently exhibited the

least transparency.

The bottom materials at the sampling stations on

Grapevine Reservoir and Lake Ray Hubbard consisted of very

little silt and were comprised principally of consolidated

clay and sand for the former and compact clay for the latter.

The bottom at the sampling station on Lewisville Reservoir

consisted of a typical gyttja-like material.

Specific conductance values (Tables III, IV, and V)

indicated a general dilution influence of the fall and
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TABLE III

GENERAL PHYSICO-CHEMICAL DATA FOR

GRAPEVINE RESERVOIR

4 --
0 H U)

o -'o -U)

r-H 04%
H riH

P o M 4 ro . q

-4 2. 8. .4 02 9 92 354-) a) P C% r

(-70 t2.0 7.6 >5 -H 242 94-27

3 4.7 o. .3%HU)7 24OU)
4- 5.7 24 2 H6 0 7-0

04 4-J' 4J 0' U)H S
p 0ow 0 0 0 0 *4O

Date U(nHp EP4N ~E rQCI)COU

80124 29.0 8.0 8.1 104 125 194 192 315

1-27 9.0 2.0 7.6 105 116 202 194 270

2-23 10.90 2.5 7.9 107 115 205 200 249

3-14 14.7 3.0 8.3 110 117 202 190 258

4-1 15.7 2.5 8.4 115 121 186 170 270

4-15 20.0 2.0 8.3 109 122 215 206 288

5-9 21.8 2.0 8.5 110 120 200 198 295
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TABLE IV

GENERAL PHYSICO-CHEMICAL DATA FOR

LAKE RAY HUBBARD

-~>1 En

7- 1 0 4r-.3 I1 1 2r- - -9

9-2 260 25 1419 20 17 18

U urc,

2-. 2 .4 32 2 H5
3-9 a4.0252 12r d 7

4. 2. H 2
4-2 d 2r2.d 2.0 8.4 123 120 20 19-3H265

4--4 2042.0( 8.4 "124 021 -- -- 2nro

E-2 2 05 021 0 9% O77 27-
Date __ _ ___ _ __ _

7-31 28.0 4.0 8.3 110 112 - -- 295

9-29 26.0 2.5 8.1 119 120 174 168 282

2-15 8.0 2.0 8.4 130 124 215 196 240

3-9 14.0 2.5 8.4 120 121 192 179 234

3-28 17.0 3.0 8.4 115 118 186 171 245

4-11 18.5 2.5 8.4 118 121 219 209 278

4-25 22.0 2.0 8.4 123 120 201 193 265

4-29 22.0 2.60 8.4 124 121 - -- 258

5-2 22.0 2.0 8.4 125 121 191 177 270
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TABLE V

GENERAL PHYSICO-CHEMICAL DATA FOR

LEWISVILLE RESERVOIR

o -P H
0 O -

Dat rdE-1 E-1 i

9-0 20 4.J .3 99 p18 215 1 35

H. Pfa 1 0 27 7 3

2-9 7 0 1.o8. 98 105 218 205 21

rd (1 Yzir) 0:4 _rl

44 04rdN. rdN. d N", U) N~ u r04

Date /E Eq N 04P%-, -1CtI0)U

9-10 32.0 4.0 8.3 99 118 215 198 350

1-19 8.0 1.0 8.0 95 100 217 179 232

2-9 7.0 1.0 8.2 98 105 218 205 218

2-29 13.0 1.0 8.2 106 110 210 183 232

3-21 16.0 1.5 8.6 109 112 208 192 282

4-7 18.5 1.5 8.3 113 113 201 184 282

4-18 20.7 1.5 8.4 104 112 239 231 280



50

winter rains. There were no noticeable seasonal trends in

the general physico-chemical parameters of pH, alkalinity,

hardness, and total and dissolved solids.

Periodic analyses of bottom water samples indicated

that chemical distribution was generally homogenous in the

water column during periods of sampling. The only occasion

of significant chemical stratification was encountered on

September 9 and 10 in Lewisville Reservoir while conducting

diurnal oxygen analyses for a primary productivity estimate.

The upper four meters of water exhibited a typical clinograde

distribution of dissolved oxygen, but between four and five

meters there was a remarkable drop in DO which suggested a

sheer or interface effect. Periodic DO profile measurements

taken over the 24-hour period (Appendix Table IA) indicated

that the interface was persistent for this time. Simultaneous

temperature measurements offered no indication of pronounced

thermal stratification (Appendix Table IIA).

Thermal stratification was not encountered in any of the

reservoirs during this investigation, although it has been

known to occur occasionally in each. Due primarily to wind-

induced circulations, no persistent thermal stratification

has been known to occur in the relatively shallow north central

Texas reservoirs (Harris and Silvey, 1940; Silvey, 1968;

Kimmel, 1969).
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With only a few exceptions, principal cation and anion

concentrations for the three reservoirs were similar

(Appendix Tables IIIA, IVA, and VA). Lake Ray Hubbard

exhibited magnesium, sodium, and chloride concentrations

which were consistently lower than either Grapevine or

Lewisville Reservoirs, and a total alkalinity which was

consistently higher. Calcium, potassium, and sulfate

concentrations within the three reservoirs were similar.

Lithium concentrations measured in several random samples

from each of the three reservoirs were below detection

(<0.02 mg/l). The slightly greater concentrations of the

more soluble cations and anions (Na+, K+, Cl~, SO4=) in the

summer samples were suggestive of the effects of evaporative

concentration. Evaporation losses in excess of 1.25 cm per

day are not uncommon to this area.

A check of some of the overlapping parameter measurements

revealed that a good correlation existed between total hardness

and Ca + Mg concentrations (Figure 5 ), whereas a very poor

correlation of specific conductances and total dissolved

solids was noted for each of the reservoirs (Grapevine

Reservoir, r = .135; Lake Ray Hubbard, r = .195; Lewisville

Reservoir, r = .208).
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Carbon

Ranges for principal organic and inorganic carbon

fraction measurements for the three reservoirs are illustrated

in Figure 6. Lake Ray Hubbard contained the consistently

greatest total carbon (TC) concentrations. Grapevine

Reservoir was the poorest of the three impoundments in organic

carbon, while Lewisville Reservoir was poorest in inorganic

carbon. The wide variation of total carbon in Lewisville

Reservoir was a reflection of large fluctuations in organic

carbon as total inorganic carbon (TIC) remained remarkably

constant. In fact, TIC was relatively constant for each

of the three reservoirs throughout the study. Total organic

carbon (TOC) tended to be minimal in the winter samples,

perhaps reflecting the effects of increased turbidity and

lowered temperatures on organic production within the

reservoirs. Excepting TOC, there were no noticeable trends

in carbon parameters (Appendix Tables VIA, VIIA, and VIIIA).

There was a significant linear correlation between

particulate organic carbon (POC) concentrations and phyto-

plankton volumes (r = .433, P = .05) which suggested that,

during this investigation, allochthonous POC was relatively

unimportant in the carbon budgets of the reservoirs.
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Lind (1971) reported that 22 per cent of the annual input

of organic energy to Waco Reservoir, Texas, was derived

from allochthonous river sources. However, of this quantity,

approximately 74 per cent was soluble.

As illustrated in Figure 7, there was a good correlation

between TIC measurements made by carbon analyzer and total

alkalinity (C03 + HCO3 ~) as determined by conventional

titration for the three reservoirs. On an individual basis,

however, agreement for the two parameters for Grapevine Res-

ervoir was poor and, for Lake Ray Hubbard, appeared somewhat

reversed.

Nitrogen

In regard to combined nitrogen concentrations, Lewisville

Reservoir was by far the richest of the three impoundments

while Grapevine Reservoir was the poorest. Both reservoirs

experienced wide fluctuations in total nitrogen concentrations

while Lake Ray Hubbard showed much less variation in this

parameter (Figure8 ). The late summer samples revealed only

traces of combined inorganic nitrogen for each of the reservoirs

(Appendix Tables IXA, XA, and XIA). Organic nitrogen at this

time comprised 90-100 per cent of the total combined nitrogen

in the surface waters. The nitrate-nitrogen content of each

of the reservoirs climbed considerably with the influx of
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runoff from the fall rains, and then slowly diminished

through the spring (Figure 9). The biologically mediated

reduction from high concentrations of nitrates in winter and

spring to trace quantities in the summer has been a commonly

observed phenomenonfor lakes and reservoirs (Domogalla, Fred,

and Peterson, 1926; Pearsall, 1930; Hutchinson, 1957; Heron,

1961; Fruh and Davis, 1969; Korycka, 1969). The increase in

nitrates, ammonia, and organic nitrogen that was observed in

Lake Ray Hubbard during the period 4/11/72 to 5/2/72 may

have been a result of biological nitrogen fixation accompanying

an intense bloom of Aphanizomenon. Acetylene reduction assays

for nitrogenase activity were conducted on samples of Lake

Ray Hubbard water during that period and were positive, although

the reduction rates were relatively slow (Gary Lawley, NTSU

Department of Biological Sciences, unpublished data). Horne

and Fogg (1970) have also reported significant nitrogen

fixation during blooms in several European lakes in which

Aphanizomenon was the major component. Although it was

thought at one time that 2hanizomenon was incapable of

atmospheric nitrogen fixation (Williams and Burris, 1952),

there has recently been good evidence that it is a nitrogen

fixer (Stewart, Fitzgerald, and Burris, 1968; Gentile and

Maloney, 1969).
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The inordinate range of ammonia-nitrogen illustrated

for Lake Ray Hubbard (Figure 8) was the result of a single

high concentration of ammonia which occurred simultaneously

with the lowest organic nitrogen measurement (Appendix Table

XA). An intense bloom of Melosira was noted at this time.

Phosphorus, Silica, and Iron

Lewisville Reservoir was richest in phosphorus of the

three impoundments studied. The seemingly wide variations

of total phosphorus (TP), total soluble phosphorus (TSP), and

soluble reactive phosphorus (SRP) illustrated in Figure 10

were the results of an inordinate influence of a single series

of low concentrations measured in a September sample (Appendix

Table XIIA). Late summer samples for both Lewisville and

Grapevine Reservoirs revealed the meager concentrations of

phosphorus surviving the biologically mediated loss from

surface waters during the spring and summer (Appendix Tables

XIIA and XIIIA). However, phosphorus concentrations in Lake

Ray Hubbard did not abide by the low summer concentration

phenomenom (Appendix Table XIVA). To the contrary, the

highest total phosphorus concentration for Lake Ray Hubbard

was measured in a late July sample. A logical explanation

for this rather illogical behavior would have to include a

consideration of the relative infancy of the reservoir and
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the possible contribution of phosphorus from the decomposition

of inundated vegetation. In fact, bottom samples collected

by a scuba diver during the investigation of the Aphanizomenon

bloom contained easily recogniz-able clumps of grass. Although

containing quantities of total phosphorus comparable to

Grapevine and Lewisville Reservoirs, Lake Ray Hubbard

consistently exhibited the lowest concentrations of soluble

reactive phosphorus. Data indicated that phosphorus in Lake

Ray Hubbard was associated to a greater extent with the

particulate phase than in either Grapevine or Lewisville

Reservoirs (Appendix Tables XIIA, XIIIA, and XIVA).

Iron content was one of the more salient features which

distinguished Lewisville Reservoir from Grapevine Reservoir

and Lake Ray Hubbard (Figure 11). Total iron measurements

of samples from Lewisville Reservoir revealed concentrations

consistently greater than in either of the two other

reservoirs (Appendix Tables XIIA, XIIIA, and XIVA). The

relatively high iron content of Lewisville Reservoir has

evidently been a persistent feature,as Harris and Silvey

(1940) reported a concentration of 1.05 mg/l for the

reservoir (then Lake Dallas) more than 30 years ago. Iron

concentrations within the three reservoirs followed a pattern

very similar to that of phosphorus. Concentrations in
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Lewisville and Grapevine Reservoirs were maximal in the

winter and slowly diminished to minute quantities during the

late summer. Iron concentrations in Lake Ray Hubbard

exhibited no recognizable pattern. Soluble reactive iron

(SRFe) was practically non-existent in each of the three

reservoirs. Data indicated that iron in the reservoir waters

existed almost exclusively in the particulate phase.

The similarity of temporal concentration patterns for

iron and phosphorus within the three reservoirs prompted a

closer examination of the data. The closer inspection

indicated that phosphorus concentrations may have, in fact,

been regulated to a large extent by amounts of iron in the

waters. Linear correlation analyses of the various iron and

phosphorus fractions revealed that the most significant

relationship existed between total phosphorus and the logarithm

of the particulate iron concentration (Figure 12). Similar,

but less significant, relationships existed for total phosphorus

and total iron (r = .780) and particulate phosphorus and

particulate iron (r = .805). Although expressed most

significantly as a logarithmic relationship, it appeared more

probable that the total P--particulate Fe relationship was,

in fact, a linear one,with the limited supply of phosphorus

being the single factor responsible for the asymptotic alignment

of the Lewisville Reservoir plots (Figure 13). The nature
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of this relationship could be interpreted as a marriage

effect, with phosphorus remaining in the water column as long

as suitable adsorption sites (evidently ferric in nature)

on the colloidal particulates were available,with the excess

precipitating either chemically or biologically.

The very poor correlation between particulate iron and

phytoplankton volume (r = .192) precluded the possibility of

a biological "marriage" of phosphorus and particulate iron.

All data indicated that this was simply a physico-chemical

phenomenon.

The nature of phosphorus adsorption by ferric

hydroxides in natural waters has been aptly described

(Einsele, 1938; AWWA, 1970; McKee et al., 1970). Stumm and

Morgan (1970) have indicated that a strong tendency toward chem-

ical bonding between phosphate groups and metal iron in a

solid lattice appears to be the underlying principle for

the various sorption phenomena. Oxides and hydroxides of

manganese, as well as those of iron, can sorb phosphorus.

However, at Mn concentrations measured in this study, it was

probably much less important than iron in influencing

phosphorus availability. Manganese concentrations ranged

from 0.02 to 0.04 mg/l for three random samples from each of

the three reservoirs.
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Silica has also been shown to interact with iron in

aqueous solution (Schenk and Weber, 1968). However, pooled

data for the three reservoirs revealed no conspicuous

relationship between the two elements. Lewisville Reservoir

data treated individually did, however, suggest the

possibility of a linear relationship between total silica

and particulate iron within that reservoir (Figure 14).

Lewisville and Grapevine Reservoirs were considerably richer

in silica than Lake Ray Hubbard (Figure 11). There appeared

to be seasonal trends in silica concentrations for Grapevine

and Lewisville Reservoirs with the lowest concentrations in

the late summer samples and the highest concentrations in the

winter samples (Appendix Tables XIIA and XIIIA). Grapevine

Reservoir exhibited a very regular decline in silica

concentrations from winter into spring. Silica concentrations

in Lake Ray Hubbard apparently followed no regular seasonal

trends, although there was an apparent depletion of silica

which followed an intense Melosira bloom in February

(Appendix Table XIVA) .

Nutrient Ratios

The ratios of concentrations of various elements or

chemical groups can often provide considerable information
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concerning the physico-chemical and biological activities

occurring within a body of water. An examination of a

number of selected atomic ratios computed from data collected

during this investigation provided substantial insight into

the realm of limiting nutrients for the three reservoirs.

Carbon concentrations and C/N, C/P, and TIC/TIN ratios

data strongly suggested that carbon was not a limiting nutrient

during the period of this study (Appendix Tables XVA, XVIA,

and XVIIA). The late summer values for these parameters

indicated that relative to carbon, there was a paucity of

nitrogen and phosphorus to support algal growth at that time.

The nitrogen-to-phosphorus ratios in all three

reservoirs indicated that phosphorus was not a limiting

nutrient (considering all P was available). Relative to

nitrogen, there appeared always to be ample supplies of

phosphorus to promote algal growth. Soluble reactive phosphorus

concentrations measured for the three reservoirs did, however,

fall below the 0.01 mg/l value that has been suggested as

limiting for algal growth in natural waters (Sawyer, 1952)

on several occasions. However, nutrient bioassays for

Grapevine and Lewisville Reservoirs substantiated the belief

that phosphorus was not an algal limiting factor, and,

further, indicated that inorganic nitrogen may have been an
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important limiting nutrient within these two reservoirs

(Lawley, 1972). Further discussion of nutrient limitation is

included in a later section of this text.

Additional chemical ratios of interest included the

Na/K ratio and the ratios of monovalent to divalent cations

(MVC/DVC). The sodium-to-potassium ratio was similar for

Grapevine and Lewisville Reservoirs, while consistently less

for Lake Ray Hubbard (Appendix Tables XVA, XVIA, and XVIIA).

This, of course, indicated a greater amount of potassium relative

to sodium for that reservoir. The MVC/DVC ratio demonstrated

the same tendencies as the Na/K ratio, being similar in

Grapevine and Lewisville Reservoirs and considerably smaller

in Lake Ray Hubbard. There appeared to be a seasonal pattern

in the Na/K ratios as the summer samples exhibited consistently

greater values and winter samples the least values.

Biological

A comparison of the three reservoirs showed the biological

parameters which provided the greatest contrast. There were

some common predictable patterns; however, phytoplankton

volumes, pigments, and diversity varied with apparent disregard

for physico-chemical regimes.
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Phytoplankton Volumes

Of the three reservoirs studied, Lake Ray Hubbard

maintained the richest phytoplankton content (Tables VI,

VII, and VIII). Grapevine and Lewisville Reservoirs generally

exhibited small phytoplankton volumes,with the exceptions of

single Chrysophyte blooms experiences by each. A pulse of

Stephanodiscus was encountered in the April 15 sample from

Grapevine Reservoir and one of Cyclotella was noted in the

April 18 sample from Lewisville Reservoir. Lake Ray Hubbard

experienced a bloom of Melosira in February followed by an

Aphanizomenon bloom in April. Blue-green algae were much more

common in Lake Ray Hubbard than in either Grapevine or

Lewisville Reservoirs. They were observed in all but one of

the Lake Ray Hubbard samples, whereas they appeared in only

one sample each from Grapevine and Lewisville Reservoirs

(Tables VI, VII, and VIII). The July and September Lake Ray

Hubbard samples were dominated by two forms of Oscillatoria

and Anacystis.

Due to basic similarities, particularly in pigment

composition, the Euglenophyta volumes have been included with

the Chlorophyta in Tables VI, VII, and VIII. Complete

phytoplankton counts listing taxa and counts by volume and

number for all samples are included in Appendix Tables

XVIIIA-XLA.
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TABLE VI

ABSOLUTE AND RELATIVE VOLUMES OF MAJOR

PHYTOPLANKTON PHYLA IN SAMPLES

COLLECTED FROM GRAPEVINE

RESERVOIR

cy)

>1)) 4)>1
P4 P4 04-

0 0 0 P-4O HP->1
27.4 74 0 0

2-2 .0 05 5 0575 0 0 p

H 00 04 HO 0
4-) HH -H4 > He>(d H$- rdt3>

Date __ _ _ __ _ __ _ _ _ _ _ _ _ __ _ __ _ __ _ _ _ _ _ _ _ _

8-24 1.33 .40 30 0.31 24 .36 27 0.26 19 50

1-27 .07 .04 57 .03 43 0 0 0 0 22

2-23 .20 .05 25 .15 75 0 0 0 0 88

3-14 .24 .07 29 .17 71 0 0 0 0 30

4-1 .51 .27 53 .24 47 0 0 0 0 51

4-15 8.69 .08 1 8.61 99 0 0 0 0 2996

5-9 .50 .49 98 .01 2 0 0 0 0 191

~1/1
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TABLE VII

ABSOLUTE AND RELATIVE VOLUMES OF MAJOR
PHYTOPLANKTON PHYLA IN SAMPLES

COLLECTED FROM LAKE RAY
HUBBARD

rd d rd
- -p-p -p rd rd a) -H

r4 >1 >1 -p4Jro0 1> Q$>1 rd
> 0404 r 04r 1 0

a) 0 0 0 : 0 0- H >-04
4 4 HU)H r54- 0 0Cd 0

0 ! >I > j >0 u u '1101 uo
Date0 u

7-31 5.98 3.27 55 .32 5 2.39 40 34

9-29 1.77 .89 50 .35 20 .53 30 31

2-15 6.78 .49 7 6.29 93 0 0 225

3-9 1.57 .14 10 1.30 82 .12 8 111

3-28 0.52 .31 60 .16 31 .05 9 57

4-11 1.83 1.14 62 .68 37 .02 1 71

4-25 2.12 .75 35 .17 8 1.20 57 61

4-29 2.28 .88 39 .06 0 1.35 61 78

5-2 0.75 .29 39 .05 7 .40 54 33

*f91/1
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TABLE VIII

ABSOLUTE AND RELATIVE VOLUMES OF MAJOR
PHYTOPLANKTON PHYLA IN SAMPLES

COLLECTED FROM LEWISVILLE
RESERVOIR

S -p p -p 4J rd (a r-4

H 1 >1 >1 p1
> P4 PHHOi

H Q(D0 :j 0() 0 0 04 P4 P
Datp p ) H0 i0 HO 0

9-10 1.69 .26 38 .06 9 .36 53 26

1-19 .09 .05 51 .05 49 0 0 41

2-9 .48 .08 17 .40 83 0 0 108

2-29 .35 .23 66 .12 34 0 0 64

3-21 1.28 .28 22 1.00 78 0 0 95

4-7 .30 .08 28 .22 72 0 0 55

4-18 9.23 .41 4 8.81 96 0 0 1512
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Phytoplankton Pigments

Consistent with phytoplankton volume data, Lake Ray

Hubbard also exhibited generally greater pigment concentra-

tions than either Grapevine or Lewisville Reservoirs (Tables

iX, X, and xi). Peak chlorophyll and carotenoid concentrations

coincided, as would be expected, with the largest phyto-

plankton volume measurements for the three reservoirs. There

were no apparent seasonal tendencies in pigment concentrations.

Linear correlations of chlorophyll c versus Chrysophyta

volumes were poor (r = .236, P>.25), and chlorophyll b versus

Chlorophyta volumes were also insignificant (r = .261,

P 25). There was good agreement between total chlorophyll

(a+b+c) and TON measurements (Figure 15). The encircled

plot represents a sample in which there was an unusually low

organic nitrogen content and high ammonia concentration. Those

conditions occurred simultaneously with a strong Melosira

bloom (Lake Ray Hubbard, 2/15/72). A highly significant

positive correlation also existed between total carotenoids

and phytoplankton volumes (r = .666, P<.001). The relation-

ship between volume and chlorophyll measurements made during

this study was a rather unusual one (Figure 16). Apparently

there was a concomitant pigment increase with increasing

phytoplankton volume until a certain maximal value was
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TABLE IX

PHYTOPLANKTON PIGMENT CONCENTRATIONS AND PIGMENT

RATIO INDEX (Abs 480/Abs 665) IN
SAIPtES COLLECTED FROM

GRAPEVINE RESERVOIR

Total
Date Chl A Chl. B Chl C Carotenoids Abs 480/Abs 665

___)(mg/m
3 /) (mg/ 3 ) m3) (SPU) *

8-24 4.90 0.68 1.08 3.36 1.91

1-27 1.79 1.72 3.23 1q39 2.02

2-23 3.02 0.59 0.84 3.72 1.37

3-14 6.06 1.94 3.30 9.40 1.70

4-1 9.63 1.91 3.80 12.08 1.39

4-15 13.03 2.04 5.40 14.68 1.34

5-9 4.31 1.32 1.16 2.53 1.61

*SPU (specific plant units - Strickland and Parsons, 1968)
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TABLE X

PHYTOPLANKTON PIGMENT CONCENTRATIONS AND PIGMENT
RATIO INDEX (Abs 480/Abs 665) IN

SAMPLES COLLECTED FROM LAKE
RAY HUBBARD

Total
Date Chl A Chl B Chl C Carotenoids Abs 480/Abs 665

(mg/m3 ) (mg/m3 ) (mg/3) (SPU)

7-31 20.76 2.86 3.12 12.37 1.46

9-29 7.48 7.88 9.44 7.33 2.54

2-15 21.68 4.24 5.21 28.04 1.43

3-9 12.40 2.11 7.45 17.04 1.52

3-28 6.27 1.23 2.28 3.28 1.46

4-11 11.15 2.46 2.92 5.55 1.38

4-25 11.07 2.35 2.87 5.81 1.45

4-29 11.68 2.51 4.36 5.98 1.42

5-2 7.86 1.94 2.62 3.52 1.24
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TABLE XI

PHYTOPLANKTON PIGMENT CONCENTRATIONS AND PIGMENT

RATIO INDEX (Abs 480/Abs 665) IN
SAMPLES COLLECTED FROM

LEWISVILLE RESERVOIR

Total

Date Chl A Chl B Chl C Carotenoids Abs 480/Abs 665

(mg/rn3) (g/m3) (mg/m3) (SPu)

9-10 6.64 4.10 3.03 8.97 2.07

1-19 2.16 2.19 2.99 2.16 1.73

2-9. 6.54 1.78 3.34 8.23 1.48

2-29 10.91 3.51 2.44 6.72 1.38

3-21 8.90 2.00 2.25 11.44 1.42

4-7 7.78 1.27 2.02 9.08 1.30

4-18 13.92 2.26 2.77 15.40 1.23
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Fig. 15 -- Relationship between total chlorophyll (a+b+c)
and total organic nitrogen (TON). 0 - Grapevine Reservoir,

* - Lake Ray Hubbard, A - Lewisville Reservoir. Encircled
plot omitted from statistical analyses.
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Fig. 16 -- Relationship between phytoplankton volume
and total chlorophyll (a+b+c). S - Grapevine Reservoir,

U - Lake Ray Hubbard, A- Lewisville Reservoir.
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reached. Beyond this point an increase in phytoplankton

volume was accompanied by a decrease in total chlorophyll.

The two points responsible for the negative influence at

the higher volumes represent the previously mentioned

Stephanodiscus and Cyclotella blooms in Grapevine and

Lewisville Reservoirs, respectively. In both cases the

phytoplankton community was overwhelmingly dominated by

the large (6000 13) diatoms and consisted of only meager

representation of other taxa (Appendix Tables XXIIIA and XLA).

The anomalous behavior of the two plots representing the

Stephanodiscus and Cyclotella blooms may reflect simply a

relatively low chlorophyll content feature of the two

diatoms or a type of shade adaptation described for Cyclotella

meneghiniana in which shading does not stimulate an increase

in photosynthetic pigments, but rather the use of a higher

portion of the cell material for photosynthetic enzymes

(Jorgensen, 1964). Another attractive hypothesis for the

arc-like relationship observed for phytoplankton volume and

chlorophyll is the dilution of a cellular metabolite which

had been practically exhausted from the environment, and

which, by deficiency, would be manifest in limited chlorophyll

synthesis and maintenance. Iron would be a likely candidate
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to consider as such a limiting metabolite as SRFe concentra-

tions were below detection (0.01 mg/i) in Grapevine and

Lewisville Reservoirs at the time of the two diatom 
blooms.

Pigment Ratios

The use of pigment ratios to characterize aquatic com-

munities was introduced and advocated by Margalef (1957,

1963, 1966) and has been used by a number of investigators 
to

estimate successional stages, community diversity, and

physiological conditions in aquatic ecosystems. 
The ratio

(or pigment diversity index) proposed by Margalef was that of

the optical density readings of a 90% acetone extract 
at 430

and 665 nm. Kormandy (1969) has indicated that the empirically

derived use of the optical density at 430:665 nm is 
not

generally applicable to the separation of the two 
pigment

groups because of a secondary absorption peak of chlorophyll

a at 430 nm. Wiegert and Fraleigh (1972) indicated that a

better ratio for general use is 480/665 nm. This was a fortuitous

report, as the 480/665 nm ratio had earlier been 
selected for

this investigation principally because of the convenience of

use of measurements made for the Parsons and Strickland (1968)

pigment determinations.

In either case (430/665 or 480/665), physiological states

and successional changes of communities are reflected 
in
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changes in the "yellow/green" pigment ratio. Ketchum et al.

(1958) have reported that aging and nutrient conditions are the

major factors influencing total and relative quantities of

pigments. Margalef (1958, 1963) has indicated that aging

bears more influence than light on pigment proportions. The

yellow/green pigment ratio apparently is highest in old,

stable ecosystems and lowest in immature growing communities

(Odum, 1971). Castellvi (1964) indicated that the sensitivity

of the pigment ratio to nutrient supply and depletion makes

its response useful in the assessment of elements limiting

growth. Wilhm and Long (1969), however, reportedly observed

no effects on the pigment diversity ratio attributable to

nutrients.

Pigment ratio (480/665 nm) data obtained during this

investigation reveal a rather narrow range of values (1.23 -

2.54) for the three reseroivrs (Tables IX, X, and XI). For

comparison, pigment ratios values reported for a variety of

aquatic ecosystems are included in Table XII. Values for

linear correlation analysis of pooled data revealed a

significant relationship between the pigment diversity index

(480/665 nm) and volume-based species divsersity measurements

for this investigation (Figure 17). When analyzed on an

individual basis, however, this relationship appeared poor
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or non-existent. Further inspection of the data revealed

a significant relationship between the pigment diversity

index and temperature which was consistent for each of the

reservoirs (Figure 18). However, it was more likely that this

was an indirect relationship in which temperature may have

reflected the influence of day length and seasonal changes

in light quality on the pigment composition of the phytoplankton.

This relationship appeared to be entirely independent of

phytoplankton density, as there was no noticeable deviation

of the ratio values during the Melosira and Aphanizomenon

blooms in Lake Ray Hubbard or the diatom blooms in Grapevine

and Lewisville Reservoirs. There was a regular decline in

the pigment ratios for the three reservoirs from January to

May (Figure 18). Late summer samples did not fit the regular

declining pattern. The decrease in pigment ratios from

winter into spring has also been reported for Keystone

Reservoir in Oklahoma (Spangler, 1969).

Phytoplankton Community Diversity

Community diversity data for phytoplankton populations

sampled during this investigation are presented in Tables

XIII, XIV, and XV. Lake Ray Hubbard consistently supported

the greatest numbers and varieties of organisms and commonly

exhibited good community diversity. Grapevine Reservoir
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was the poorest in these aspects. Volume-based diversity

values for the three reservoirs ranged from 0.11 (Grapevine

Reservoir, 4/15/72) to 3.45 (Lake Ray Hubbard, 9/29/71).

Number-based diversity indices ranged from 0.84 (Lake Ray

Hubbard, 2/15/72) to 3.54 (Lewisville Reservoir, 3/21/72).

A close inspection of both the volume- and number-based

diversity information revealed that, used alone, neither

adequately delineated community structure for any one sample.

For example, the Melosira and Aphanizomenon blooms in Lake

Ray Hubbard were best described by the number-based informa-

tion, whereas the Stephanodiscus and Cyclotella blooms in

Grapevine and Lewisville Reservoirs were more apparent in

the volume-based data. Correlation-regression analysis of

the number-based diversity indices and the volume-based

indices revealed a poor agreement for these two types of

measures (r = .244, P>.25).

An interesting pattern emerged when volume-based

diversity indices were compared with the average volume per

phytoplankter data (Tables VI, VII, and VIII). As illustrated

in Figure 19, volume-based diversity decreased in a linear

fashion as the logarithm of the average volume per phytoplankter

in the sample increased. The significance of this relationship

is based on two Lake Ray Hubbard plots and one each for
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Grapevine and Lewisville Reservoirs. Each of these four

plots represents a sample that was dominated volumetrically

by a single large-diatom taxon (Melosira in Lake Ray Hubbard,

Stephanodiscus in Grapevine Reservoir, and Cyclotella in

Lewisville Reservoir). Without these four special cases, the

relationship between volume-based diversity and the average

volume per phytoplankter would be insignificant. Additional

data would be required to determine if this is a true

relationship or an illusory one.

There seemed to be a casual agreement between volume-

based diversity estimates and pigment absorbance ratios for

this study (Figure 17). However, the correlation does not

appear sufficient to advocate the use of pigment ratios to

describe diversity within the three reservoirs studied.

Community Metabolism

Results of the diurnal oxygen analyses conducted on the

three reservoirs are presented in Table XVI. Production

values for Lewisville Reservoir were generally in agreement

with values reported earlier for that reservoir by Trotter

(1969) and Hendricks (1970). An unfortunate attempt to

conduct a diurnal oxygen analysis on Grapevine Reservoir in

late August, 1971, was foiled by instrument difficulties. It

was probable that a production estimate made at that time



TABLE XVI

IN SITU COMMUNITY METABOLISM ESTIMATES

Gross Community Gas Transfer
Production Respiration Coefficient*

Station & g 02 /m
2 /day g 02 /m

2 /day P/R g 02 /m
2 /day

Date

Grapevine

1-26 0.65 0.84 0.76 0.12

Ray Hubbard

7-31 3.60 1.92 1.88 0.12

9-29 1.60 1.92 0.83 0.29

Lewisville

9-10 2.60 1.76 1.48 0.40

2-8 1.26 2.16 0.58 0.50

*At 0% saturation.

95
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would have resulted in values comparable to those of

Lewisville Reservoir and Lake Ray Hubbard. The low

production value obtained for the January analysis reflects

the combined effects of low temperatures and high turbidity

as well as an overcast day.

There was good agreement between the diurnal production

estimates and total chlorophyll measurements for the three

reservoirs (Figure 20).

The results of the laboratory production estimates are

presented in Tables XVII, XVIII, and XIX. For the limited

amount of measurements, production values for the three

reservoirs appear to be comparable. There was a general

tendency for P/R ratios to decline with increasing tempera-

tures in the Grapevine Reservoir and Lake Ray Hubbard samples,

but this tendency was not evident in the Lewisville Reservoir

measurements. There was excellent agreement between

productivity and chlorophyll content of the samples (Figure

21). However, two anomalous plots (Grapevine Reservoir,

5/9/72 and Lake Ray Hubbard 4/25/72) have been omitted from

the illustration. The anomalous Lake Ray Hubbard case was

attributed to the lysing of large quantities of Aphanizomenon

in the sample during the production measurement. An

inordinate respiration value for the 5/9/72 Grapevine Reservoir
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Fig. 20 -- Relationship between gross production (diurnal
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Reservoir, m- Lake Ray Hubbard, A- Lewisville Reservoir.
Sampling dates indicated below plots.
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TABLE XVII

IN VITRO COMMUNITY METABOLISM ESTIMATES
GRAPEVINE RESERVOIR

P R
Gross Community

Production Respiration P/R C
g 02 /m

3/day ! 02 /m 3 /day
Sample -__ _ _ _ _ _ _._.

Grapevine

2-23 0.12 0.02 6.00 10

3-14 0.41 0.10 4.10 15

4-1 0.44 0.30 1.47 16

4-15 1.20 0-066 1.82 20

5-9 1.95 1.68 1.16 22
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TABLE XVIII

IN VITRO COMMUNITY METABOLISM ESTIMATES

LAKE RAY HUBBARD

P R
Gross Community

Production Respiration P/R 0 C
33

g 02 /m /day g 02 /m
3 /day

Sample

2-15 1.48 0.38 3.90 8

3-9 1.25 0.70 1.79 14

3-28 0.44 0.30 1.47 17

4-11 0.81 0.76 1.07 18

4-25 0.15 0.28 0.54 22

5-2 0.72 0.62 1.16 22
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TABLE XIX

IN VITRO COMMUNITY METABOLISM ESTIMATES
LEWISVILLE RESERVOIR

P R
Gross Community

Production Respiration P/R

g 02 /m3 /day g 02/m3 /day
Sample

2-29 0.96 0.42 2.29 13

3-21 0.81 0.34 2.38 16

4-7 0.29 0.26 1.12 18

4-18 0.99 0.44 2.25 21
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sample resulted in an inflated production value which provided

an explanation for the poor correlation with the rather

low chlorophyll content of that sample (total chlorophyll =

6.79 mg/l).

Trophic Status

The literature abounds with attempts by numerous

investigators to characterize the trophic status of bodies

of water. From these investigators has come a variety of

suggestions of biological and physico-chemical parameters

which can purportedly serve as trophic status indicators

for aquatic ecosystems. This information has been brilliantly

synthesized and elucidated by Vollenweider (1968).

The trophic status of each of the three reservoirs of

this investigation has been assessed by a variety of means,

all of which have been discussed by Vollenweider (Table XX).

From this information it is apparent that each of the

reservoirs can be classified as eutrophic, and that, of the

three, Grapevine Reservoir is the least eutrophic and Lake

Ray Hubbard the most eutrophic. However, based on available

nutrients, Lewisville Reservoir is substantially more eutrophic

than either of the two other reservoirs. It is probable that,

relieved of the limited transparency during the spring,
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Lewisville Reservoir would experience considerable increases

in algal biomass and would subsequently rank as the most

eutrophic of the three reservoirs.

Limiting Factors

A reservoir is a body of water which exemplifies the

characteristics of both a river and a lake. Accordingly, it

experiences a dynamism which is greater than that of either

a flowing or static system. Under the transient-state

conditions of physical, chemical, and biological qualities

of the reservoir ecosystem, there is no theoretical basis

for a single limiting factor hypothesis. This reasoning has

been earlier expressed by Odum (1971) and is corroborated by

results of this investigation.

Carbon

At no time during this investigation could carbon have

been considered a limiting nutrient. Inorganic carbon

concentrations never fell below 20 mg/l and were unaffected by

large oscillation in phytoplankton biomass. Carbon-to-

nitrogen ratio data revealed that, relative to nitrogen,

carbon was always present in sufficient quantity to support

considerable increases in biomass. There was no significant

correlation between total or inorganic carbon concentrations

and phytoplankton volumes.
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Nitrogen

Data from this investigation and a peripheral study

indicated that nitrogen, particularly in the nitrate form,

may have been a significant limiting nutrient within all

three reservoirs, especially in the late spring, summer, and

early fall months. Addition of nitrates to spring samples

from Grapevine and Lewisville Reservoirs (final concentration

1.2 mg/l NO3) resulted in significant increases in total

production as well as diversity of organisms (Lawley, 1972).

Floyd et al. (1969) reported nitrate to be the dominant

limiting factor during the spring in the highland lakes of

the Colorado River, Texas. TIC/TIN ratios (Tables XVA, XVIA,

and XVIIA) suggest severe nitrogen limitation during the

summer and fall months for the three reservoirs of this

investigation. Concentrations of combined inorganic nitrogen

were generally above the critical value of 0.3 mg/I (Sawyer,

1947; Vollenweider, 1968) during the winter months. However,

production was undoubtedly limited at that time by the

significantly decreased transparencies.

There was no significant correlation between total

nitrogen concentrations and phytoplankton volumes.
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Phosphorus

The critical, or limiting, levels of phosphorus

concentrations have been reported in the literature as

0.015 mg/l (Sawyer, 1947), 0.02 mg/l (Vollenweider, 1968),

and 0.03 mg/l (Fuhs et al., 1971). Premised on these levels,

phosphorus cannot be considered a limiting nutrient within

the three reservoirs investigated during this study. A

concurrent nutrient bioassay study (Lawley, 1972) revealed

that phosphate addition was only marginally stimulatory

(principally toward blue-greens) in spring samples from

Grapevine and Lewisville Reservoirs. On the other hand, Kimmel

and Lind (no date) found that phosphate addition to isolated

water columns in the main body of Waco Reservoir, Texas,

consistently and significantly increased phytoplankton

production per cubic meter of photic zone. Nitrate concen-

trations for Waco Reservoir were similar to those measured

during this study.

Nitrogen-to-phosphorus ratios obtained for the three

reservoirs during this investigation further indicated that

phosphorus was not a significant limiting factor. Relative

to nitrogen, there were always quantities of phosphorus

available to support large increases in algal biomass.

Vollenweider (1968) indicated that a phosphate-phosphorus
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concentration of 0.01 mg/l under natural conditions would be

sufficient to produce ten microliters of wet phytoplankton

per liter. Soluble reactive phosphorus (P04-P) concentrations

measured during this study were generally of this magnitude,

yet only two phytoplankton volume measurements approached the

ten microliter per liter value.

The foregoing observations were, of course, based on

the assumption that the majority of the total phosphorus was

available to the algae due to cycling. The intimate association

of phosphorus and particulate iron noted for the reservoirs

during this investigation, however, raised a question of

phosphorus availability.

There was no significant correlation between total

phosphorus or soluble reactive phosphorus and phytoplankton

volumes within the three reservoirs.

Iron

Although no direct evidence is provided in this

investigation, it is very likely that iron can be a

significant limiting factor in southwestern reservoirs. Floyd

et al. (1969) found that iron was in such low concentrations

as to be limiting in the highland lakes of the Colorado River,

Texas. Kimmel (1969), utilizing in situ C-14 bioassay

techniques, reported 11 to 28 per cent increases in
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phytoplankton growth following addition of EDTA-chelated

iron to Waco Reservoir, Texas.

The question of iron limitation hinges upon the ability

of the phytoplankton to utilize particulate iron,as it is

the predominant phase in natural waters (Hutchinson, 1957).

There appeared to be ample quantities of total iron within

the three reservoirs studied during this investigation.

However, soluble reactive iron was practically non-existent.

The question is availability.

There have been indications that growth of some forms of

algae can be maintained by colloidal particles of ferric hydroxide

or ferric phosphate (Harvey, 1937; Goldberg, 1952). However,

this is probably an exception rather than a rule. Shapiro

(1966) has reported that the quantity of iron in Millipore

filtered (0.45 microns) samples of lakewater which is capable

of reacting with thiocyanate at pH 1.5, correlates closely

in rank and amount with that available to algae. The fact

that the majority of algal culturing requires soluble complexed

iron (EDTA, citrate, etc.) for algal growth lends credence to

the observation that soluble iron is more readily available

for algal growth and, indeed, may be the only utilizable form

for a variety of algae. It has been suggested that the

frequently beneficial effects of soil extract on algal growth
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may be attributed to its ability to keep iron in a soluble,

more available form (Pringsheim, 1949). Provasoli et al.

(1957) suggested that a loose combination with carriers or

chelating substances may greatly increase the availability

of iron and some trace metals.

Silica

Although not a true biogenic element, silica is necessary

for the formation of diatom frustules and, can thus assume a

limiting potential, particularly during periods of significant

diatom presence in the phytoplankton community. Silica is

required for cell division in diatoms, but apparently growth

rates are independent of silica concentration until limiting

concentrations are reached (Lewin, 1962; Jorgensen, 1957).

Limiting concentrations of silica have been reported as 0.1

mg Si02 /l or less and, since most natural waters contain

silica considerably in excess of this value, it seldom

becomes an apparent limiting factor in natural waters except

during intensive diatom blooms (Schelske and Stoermer, 1971).

Concentrations of total silica measured during this

investigation ranged from 0.6 mg/l to 5.8 mg/l. Soluble

reactive silica ranged from 0.4 mg/l to 3.4 mg/l. Silica

concentrations in Lake Ray Hubbard were generally about one-

third of those in Grapevine and Lewisville Reservoirs. There
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was evidence of silica depletions following diatom blooms

in each of the three reservoirs., Silica concentrations

apparently never fell below what was considered limiting

quantities, and there was no significant correlation between

the various silica fractions and volumes of diatoms. Thus,

it appeared that silica could not be considered a significant

limiting factor within the three reservoirs.

Kimmel (1969) reported that silica produced considerable

increases in carbon fixation rates during in situ bioassay

experiments on Waco Reservoir, Texas. He explained, however,

that the stimulating effect Of silica addition on primary

production corresponded to diatom dominance to the phyto-

plankton standing crop, and that the nutrient was of doubtful

significance as a limiting factor. The lowest silica

concentration reported for Waco Reservoir by Kimmel was 5.8

mg/l.

Turbidity

It was apparent that the principle limiting factor

within the three reservoirs studied was light extinction.

This factor was most influential during the winter and early

spring,when 99 per cent of the incident radiation penetrated

no further than one or two meters. Silt imported by tributaries
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and particulate matter suspended by the almost continuous

wind-induced mixing combined to limit light penetration, and

thereby reduced the thickness of the trophogenic layer and

the production potential of the water column.

Of the three reservoirs studied, Lewisville Reservoir

was consistently the most turbid. This might explain the

generally limited phytoplankton biomass in the presence of

what could be considered the most nutritious water of the

three reservoirs.



CHAPTER V

SUMMARY STATEMENTS

1. A total of twenty-three integrated samples (surface

to 3 m) was taken from Grapevine Reservoir, Lake Ray Hubbard,

and Lewisville Reservoir during the period July, 1971 to

June, 1972.

2. A UV photocombustion apparatus was designed,

constructed, and evaluated for the determination of total

nitrogen, phosphorus, and iron, and found to be highly

satisfactory. A new method for obtaining community metabolism

estimates was also employed and found to be of merit.

3. Complete physico-chemical and biological analyses

were made of the water samples to characterize the phyto-

plankton communities and nutritional ecology within the tro-

phogenic zones of the selected reservoirs.

4. Basic physico-chemical water quality parameters

(temperature, pH, alkalinity, hardness, dissolved and total

solids, specific conductance) were similar for the three

reservoirs.

5. Thermal stratification was not encountered in the

reservoirs during this investigation. The absence of

112
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persistent thermal stratification was attributed to almost

continuous wind-induced circulation. Periodic bottom-water

analyses generally indicated vertical chemical homogeneity within

the three reservoirs.

6. Maximum transparencies for the three reservoirs were

measured in the late summer and minimum values recorded during

the winter. Grapevine was generally the least turbid and

Lewisville Reservoir the most turbid. Trophogenic zone

depths ranged from 8 m (Grapevine Reservoir, August, 1971) to

1 m (Lewisville Reservoir, January, 1972).

7. With only a few exceptions, principal cation and

anion concentrations for the three reservoirs were similar.

Lake Ray Hubbard exhibited magnesium, sodium, and chloride

concentrations which were consistently lower than either

Grapevine or Lewisville Reservoirs, and a total alkalinity

which was consistently greater.

8. Lewisvil]e Reservoir was generally the richest of

the three reservoirs in concentrations of principal nutrients

(C, N, P, Fe, Si). With the exception of carbon, there was

a tendency of large concentrations of nutrients during the

winter and small quantities during the summer in Grapevine

and Lewisville Reservoirs. Lake Ray Hubbard did not exhibit

this tendency.
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9. Organic carbon generally comprised about one-fourth

of the total carbon within the reservoirs. The percentage

of organic nitrogen to total combined nitrogen ranged from

100 per cent in the summer to approximately 35 per cent in the

winter.

10. Data from this investigation indicated that phos-

phorus was intimately associated with particulate iron within

the three reservoirs. This association was attributed to

phosphorus adsorption onto particulate iron. Both phosphorus

and iron existed almost exclusively in the particulate phase.

11. Phytoplankton biomass and diversity were generally

greatest in Lake Ray Hubbard and least in Grapevine Reservoir.

Four algal blooms were noted during the study. Lake Ray Hubbard

experienced blooms of Melosira and Aphanizomenon, a Stephanodiscus

bloom was noted for Grapevine Reservoir, and a Cyclotella bloom

was recorded for Lewisville Reservoir. All four blooms occurred

during the early spring. Lake Ray Hubbard consistently sup-

ported greater quantities of Cyanophyta than either Grapevine

or Lewisville Reservoirs.

12. Consistent with phytoplankton volume data, Lake Ray

Hubbard also exhibited generally greater pigment concentrations

than either Grapevine or Lewisville Reservoirs. There were no

apparent seasonal tendencies in pigment concentrations.



13. Phytoplankton community diversity was characterized

for the three reservoirs by information theory equations based

on both numbers and volumes, and by pigment ratios. Data

revealed a moderate agreement between volume-based diversity

indices and pigment ratios computed for the three reservoirs.

There was poor agreement between volume-based and number-based

community diversity estimates for the same samples. There

was evidence of a relationship, either direct or indirect,

between water temperature and pigment ratios. Data also

indicated a significant relationship between volume-based

diversity indices and the average volume per phytoplankter

within the reservoirs.

14. Community metabolism estimates indicated that the

reservoirs were moderately productive bodies of water. There

were apparently no significant differences in production rates

among the reservoirs, and no noticeable trends. Data revealed

an excellent correlation between gross production and total

chlorophyll measurements.

15. Based on a number of trophic status indicators, all

three reservoirs qualified as eutrophic. Lake Ray Hubbard was

considered the most eutrophic of the reservoirs, followed

closely by Lewisville Reservoir, and distantly by Grapevine

Reservoir.
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16. Of the factors monitored during this investigation,

light extinction was apparently the greatest limiting factor

within the three reservoirs. There seemed to be a transition

from light extinction limitation in the winter and early

spring to inorganic nitrogen limitation in the late spring,

summer, and fall. No conclusive statements can be made

concerning the limiting status of phosphorus and iron.

Although apparently abundant, both were associated almost

exclusively with the particulate phase, and the question of

availability was not resolved. Based on reported limiting

values for silica, it probably was not a significant limiting

factor.
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TABLE IA

DIURNAL OXYGEN PROFILES*

LEWISVILLE RESERVOIR

9/9-10/71

Time Bottom

(hr) lm 2m 3m 4m 5m 6m 7m 8m

1115 8.00 7.90 7.80 6.80 2.30 1.00 0.30 0.20

1315 8.50 8.45 7.55 5.60 2.10 0.30 0.15 0.15

1515 8.65 8.60 7.85 5.80 2.25 0.40 0.20 0.15

1715 8.80 8.75 8*25 3.10 1.90 1.30 0.20 0.20

1915 8.60 8.50 6.70 5.50 2.20 1.80 0.60 0.30

2215 8.00 8.00 7.80 3.70 1.50 1.15 0.45 0.30

0115 7.50 7.60 7.60 5.80 1.40 1.25 0.30 0.35

0415 7.45 7.45 7.40 6.60 1.80 1.10 1.05 0.30

0715 7.45 7.40 7.40 7.40 1.60 1.10 0.30 0.30

0930 7.30 7.30 7.30 7.20 1.70 1.25 0.30 0.25

*All values expressed as mg/l.
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TABLE IA

DIURNAL TEMPERATURE PROFILES*

LEWISVILLE RESERVOIR
9/9-10/71

Time Bottom

(hrl) m 2m 3m 4m 5m 6m 7m 8m

1115 32.0 32.0 31.5 31.5 30.0 29.0 28.5 28.5

1315 31.5 31.2 30.8 30.3 29.5 29.1 28.5 27.0

1515 31.0 31.0 30.5 30.1 30.0 28.8 28.4 27.0

1715 31.0 31.0 30.5 29.2 29.2 28.8 28.2 27.2

1915 30.3 30.5 30.5 29.3 28.8 28.5 28.3 27.2

2215 30.5 30.5 30.5 29.6 29.0 28.5 28.3 27.3

0115 30.2 30.2 30.2 30.2 29.0 28.5 28.0 27.5

0415 30.2 30.2 30.2 30.0 29.3 28.8 28.4 27.4

1715 30.0 29.9 29.9 29.8 29.0 28.5 28.2 27.5

0930 29.8 29.8 29.8 29.8 29.7 28.8 28.2 27.4

*All values expressed as OC.
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TABLE IIIA

CONCENTRATIONS* OF PRINCIPAL ANIONS AND CATIONS

IN SAMPLES COLLECTED FROM

GRAPEVINE RESERVOIR

CO3
Date Ca++ Mg++ Na+ + HC03 ~ SO4 Cl

8-24 4.5 17.5 3.5 104 31 16

1-26 39.7 3.6 12.5 3.5 105 26 12

2-23 40.2 4.0 15.5 3.4 107 26 16

3-14 41.7 4.2 14.5 3.4 110 27 14

4-1 44.0 4.2 15.0 3.5 115 28 14

4-15 44.3 4.3 15.0 3.5 109 28 14

5-9 43.6 4.6 16.5 3.4 110 26 16

*mg/l
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TABLE IVA

CONCENTRATIONS* OF PRINCIPAL ANIONS AND CATIONS

IN SAMPLES COLLECTED FROM

LAKE RAY HUBBARD

CO3 -
++ + l

Date Ca++ Mg Na +HC03  S04 ~ C1

7-31 -- 2.8 13.5 4.2 110 24 6

9-29 -- 2.8 13.5 4.4 119 24 6

2-15 45.9 2.2 8.0 3.5 130 23 2

3-9 45.1 2.2 7.5 3.6 120 22 2

3-28 44.3 2.2 9.0 3.5 115 23 4

4-11 47.8 2.2 8.5 3.5 118 23 4

4-25 48 .5 2.4 10.0 3.6 123 25 4

4-29 45.5 2.2 9.5 3.4 124 24 2

5-2 45.5 2.2 9.5 3.5 125 24 2

*mg/1
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TABLE VA

CONCENTRATIONS* OF PRINCIPAL ANIONS AND CATIONS

IN SAMPLES COLLECTED FROM

LEWISVILLE RESERVOIR

+ + + + C03 =lDate Ca+ Mg Na+ K +HC03  S04  C~

9-10 -- 3.6 25.0 3.7 99 35 28

1-19 39.7 2.6 14.0 3.1 95 23 12

2-9 40.2 2.7 14.0 3.8 99 28 16

2-29 41.7 2.8 15.0 3.6 106 28 16

3-21 44.0 3.0 16.0 3.5 109 27 14

4-7 44.3 3.0 17.0 3.5 113 29 14

4-18 43.6 3.0 17.5 3.2 104 28 14

*mg/l
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TABLE VIA

ANALYSES OF VARIOUS CARBON FRACTIONS

IN SAMPLES COLLECTED IN

GRAPEVINE RESERVOIR

Date TC TIC TOC SIC Soc PIC POC

8-24 34.5 26.0 8.5 26.0 --- 0

1-27 30.0 24.0 6.0 21.0 1.0 3.0 5.0

2-23 30.8 25.0 5.8 22.2 5.1 2.8 0.7

3-14 34.3 24.8 9.5 24.5 6.9 0.3 2.6

4-1 34.5 28.2 6.3 24.5 4.6 1.7 3.7

4-15 35.0 26.2 8.8 21.9 7.7 4.3 1.1

5-9 31.8 23.1 8.7 20.0 8.5 3.1 0.2

*All values expressed as mg/1.
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TABLE VIIA

ANALYSES OF VARIOUS CARBON FRACTIONS

IN SAMPLES COLLECTED IN

LAKE RAY HUBBARD

Date TC TIC TOC SIC Soc PIC POC

7-31 -- -- - ~~ ~~onumo-

9-28 40.0 29.0 11.0 28.0 9.2 1.0 1.8

2-15 36.7 29.2 7.5 28.2 4.0 1.0 3.5

3-9 38.7 27.6 11.1 23.5 9.8 4.1 1.3

3-28 36.0 27.5 8.5 25.6 7.7 1.9 0.8

4-11 35.0 27.9 7.1 26.4 5.3 1.5 1.8

4-25 36.4 27.3 9.1 22.0 6.7 5.3 2.4

4-29 35.0 27.7 9.3 20.7 7.2 5.0 2.1

5-2 36.7 26.2 10.5 25.4 6.8 0.8 3.7

*A11 values expressed as mg/l.
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TABLE VIIIA

ANALYSES OF VARIOUS CARBON FRACTIONS

IN SAMPLES COLLECTED IN

LEWISVILLE RESERVOIR

Date TC TIC TOC SIC Soc PIC POC

9-10 35.3 23.6 11.7 21.0 -- 2.6 --

1-19 26.0 22.0 4.0 18.0 4.0 4.0 0

2-9 31.5 23.0 8.5 15.0 8.0 8.0 0.5

2-29 33.3 24.5 8.8 21.5 6.5 3.0 2.3

3-21 31.6 22.4 9.2 20.9 9.1 1.5 0.1

4-7 31.7 23.8 7.9 21.5 7.7 2.3 0.2

4-18 37.3 23.8 13.5 20.0 6.7 3.8 6.8

*All values expressed as mg/l.
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TABLE IXA

NITROGEN ANALYSES* - GRAPEVINE RESERVOIR

Date TN TON SON NO 3 -N N02 -N NH3 -N

8-24

1-27

2-23

3-14

4-1

4-15

5-2

0.24

0.78

0.77

0.72

0.86

0.70

0.57

0.24

0.29

0.39

0.40

0.54

0.43

0.33

0.20

0.21

0.31

0.27

0.39

0.41

0.26

Tr.

0.42

0.34

0.27

0.30

0.22

0.17

0

0

Tr.

Tr.

0.01

0.01

0.01

*All values expressed as mg/i.

Tr.

0.07

0.04

0.05

0.02

0.04

0.06
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TABLE XA

NITROGEN ANALYSES* - LAKE RAY HUBBARD

Date TN TON SON N03 -N N02 -N NH 3 -N

7-31 0.83 0.83 0.50 Tr. 0 0

9-28 0.62 0.57 0.41 0.04 0 0.01

2-15 0.84 0.24 0.08 0.34 0.01 0.25

3-9 0.76 0.48 0.36 0.20 0.01 0.07

3-28 0.63 0.37 0.27 0.19 0.02 0.05

4-11 0.71 0.46 0.30 0.16 0.02 0.07

4-25 0.63 0.36 0.32 0.18 0.03 0.06

4-29 0.74 0.38 0.34 0.22 0.03 0.11

5-2 0.83 0.42 0.38 0.24 0.04 0.14

*All values expressed as mg/l.
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TABLE XIA

NITROGEN ANALYSES* - LEWISVILLE RESERVOIR

Date TN TON SON N03 -N N02 -N NH3 -N

9-10 0.60 0.56 0.38 0.04 0 Tr.

1-19 0.99 0.36 0.35 0.55 0,02 0.06

2-9 1.16 0.50 0.46 0.62 0.02 0.02

2-29 1.01 0.50 0.42 0.50 Tr. 0.01

3-21 0.88 0.42 0.33 0.39 Tr. 0.06

4-7 1.02 0.47 0.27 0.47 0.02 0.06

4-18 0.79 0.35 0.25 0.39 0 0.05

*All values expressed as mg/l.
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TABLE XIIA

P, Fe, AND Si ANALYSES*

GRAPEVINE RESERVOIR

Date TP SRP TSP TFe SRFt TSFa TSi SRSi TSSi

8-24 .017 0 Tr. .09 0 Tr. 3.18 2.48 3.03

1-27 .049 .030 .032 .26 0 0 5.50 3.05 5.00

2-23 .045 .026 .031 .23 0 Tr. 3.30 3.20 3.29

3-14 .035 .013 .020 .11 0 Tr. 3.00 2.90 2.99

4-1 .039, .005 .020 .13 0 Tr. 2.90 2.80 2.80

4-15 .038 .008 .013 .23 0 Tr. 215 1.80 1.85

5-9 .027 0 .010 .15 0 Tr. 1.55 0.46 1.35

*All values expressed as mg/l.
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TABLE XIIIA

P, Fe, AND Si ANALYSES*

LAKE RAY HUBBARD

Date TP SRP TSP TFe SRFe TSFe TSi SRSi TSSi

7-31 .065 Tr. .015 .22 0 Tr. 2.10 1.80 1.92

9-28 .039 .010 .014 .10 .02 .05 1.98 0.89 1.92

2-15 .045 .010 .019 .12 0 0 1.90 1.70 1.80

3-9 .051 .006 .010 .25 0 Tr. 0.70 0.68 0.65

3-28 .037 Tr. .013 .12 0 Tr. 0.80 0.40 0.79

4-11 .040 .013 .013 .18 0 Tr. 0.60 0.54 0.59

4-25 .038 Tr. .020 .15 0 .02 0.86 0.86 0.86

4-29 .039 .009 .011 .11 0 Tr. 1.64 0.88 1.44

5-2 .032 Tr. .011 .15 0 Tr. 2.15 0.88 1.28

*All values expressed as mg/i.
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TABLE IXA

P, Fe, AND Si ANALYSES*

LEWISVILLE RESERVOIR

Date TP SRP TSP TFe SRFe TSFe TSi SRSi TSSi

9-10 .025 .005 .010 0.18 Tr. Tr. 2.28 1.60 2.25

1-19 .085 .048 .054 1.08 .03 .11 3.80 3.40 3.45

2-9 .091 .058 .084 0.64 0 Tr. 5.80 3.00 5.50

3-21 .066 .025 .029 0.36 0 Tr. 3.40 3.25 3.30

4-7 .080 .029 .040 0.34 0 Tr. 3.30 2.75 2.90

4-18 .050 .020 .025 0.21 0 Tr. 2.60 2.60 2.60

*All values expressed as mg/I.
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TABLE XA

SELECTED ATOMIC RATIOS

GRAPEVINE RESERVOIR

MVC/b# TOC/ TON/ TIC

Date c/N C/P N/P P/Fe Na/K DVC TIC TIN TIN

8-24 144 2029 14 .19 5.0 .72 .33 24.0 2600

1-27 38 612 16 .19 3.6 .37 .25 .6 49

2-23 40 684 17 .20 4.6 .43 .23 1.0 66

3-14 48 980 21 .32 4.3 .39 .38 1.2 78

4-1 40 885 22 .30 4.3 .38 .22 1.6 85

4-15 50 921 18 .17 4.3 .39 .34 1.6 97

5-9 56 1178 21 .18 4.9 .41 .38 1.4 96

*MVC, monovalent cations; DVC, divalent cations.
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TABLE XIA

SELECTED ATOMIC RATIOS

LAKE RAY HUBBARD

MVC/ TOC! TON/ TIC/

Date C/N C/P N/P P/Fe Na/K DVC TIC TIN TIN

7-31 -- -- 13 .30 3.2 .66 -- 83.0 --

9-29 64 1026 16 .24 3.1 .58 .38 11.4 580

2-15 44 816 19 .38 2.3 .24 .26 .3 42

3-9 51 759 15 .20 2.1 .23 .40 1.7 99

3-28 57 973 17 .31 2.6 .27 .31 1.4 106

4-11 49 875 18 .22 2.4 .24 .25 .5 112

4-25 58 958 17 .25 2.8 .27 .33 1.3 101

4-29 47 897 19 .35 2.8 .27 .34 1.1 77

4-2 44 1147 26 .21 2.7 .27 .40 1.0 62
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TABLE XIIA

SELECTED ATOMIC RATIOS

LEWISVILLE RESERVOIR

MVC/ TOC/ TON/ TIC/

Date C/N C/P N/P P/Fe Na/K DVC TIC TIN TIN

9-10 59 1412 24 .14 6.8 .86 .49 11.2 472

1-19 26 306 12 .08 4.5 .46 .18 .6 35

2-9 27 346 13 .14 3.7 .45 .37 .8 35

2-29 33 505 15 .18 4.2 .43 .36 1.0 47

3-21 36 564 16 .25 4.6 .44 .41 .9 48

4-7 31 396 13 .24 4.9 .46 .33 .8 43

4-18 47 746 16 .24 5.5 .44 .57 .8 54
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TABLE XIIIA

PHYTOPLANKTON NUMBERS AND VOLUMES

GRAPEVINE RESERVOIR
8/24/71

Organism Number (Cells/ml)

Oscillatoria (a)

Oscillatoria (b)

Anabaenopsis

Chroococcus

coccoid Green

Merismopedia

Anacystis

Anabaena

Ankistrodesmus

Spirulina

Peridinium

Cosmarium

Golenkinia

Kirschneriella

Tetraedron

Trachelomonas

Pennate Diatom

- - 1 14 - . - - I

Volume

.05

.22

.05

Tr.

Tr.

Tr.

Tr.

.02

001

Tr.

.25

.35

Tr.

Tr.

Tr.

.02

.31

Jl/l)
I

11,900

8, 4 50,

2,800

600

450,

400

400

250

150

150

100

50

50

50

50

50

50

I I,
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TABLE XIVA

PHYTOPLANKTON NUMBERS AND VOLUMES
GRAPEVINE RESERVOIR

1/26/72

Organism Number (Cells/m1) volumej(lL

Coccoid Green (a) 14300 .01

Chlorogibba 800 .03

Coccoid Green (b) 700 .02

Kirschneriella 300 .01
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TABLE XVA

PHYTOPLANKTON NUMBERS AND VOLUMES

GRAPEVINE RESERVOIR
2/23/72

Organism Number (Cells/mI) Volume

Chlorella 1,200 .01

Unident. Green (a) 300 Tr.

Chlorogibba 300 -01

Centric Diatom 200 .07

Pennate Diatom (a) 100 e04

Pennate Diatom (b) 100 .03

Unident. Flagellate 100 Tr.

Kirschneriella 100 -01

Unident. Green (b) 100- .02

Ankistrodesmus 100 Tr.

Unident. Green (c) 100 Tr.
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TABLE XVIA

PHYTOPLANKTON NUMBERS AND VOLUMES

GRAPEVINE RESERVOIR
3/14/72

_raismNumber (Cells/ml) Volume lz 1/)

Coccoid Green (a) 5,400 .04

Centric Diatom 700 .14

Kirschneriella 700 .02

Chlorogibba 500 .01

Pennate Diatom 300 '.01

Coccoid Green (b) 300 Tr.

Coccoid Green (c) 100 Tr.
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TABLE XVIIA

PHYTOPLANKTON NUMBERS AND VOLUMES

GRAPEVINE RESERVOIR
4/1/72

Organism Number (Cells/ml) Volume-(./1)

Centric Diatom 6,900 .24

Coccoid Green (a) 1,100 .03

Coccoid Green (b) 900 Tr.

Coccoid Green (c) 500 Tr.

Ankistrodesmus 200 .01

Kirschneriella 200 .01

Coccoid Green (d) 100 .19

Schroedaria 100 .01

Tetraedron 100 Tr.
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TABLE XVIIIA

PHYTOPLANKTON NUMBERS AND VOLUMES
GRAPEVINE RESERVOIR

4/15/72

Organism Number (Cells/ml) Volume (jlj

Stephanodiscus 1,400' 8.59

Centric Diatom 700 .02

Ankistrodesmus 100 Tr.

Coccoid Green (a) 100 Tr.

Coccoid Green, (b) 100 Tr.

Coccoid Green (c) 100 Tr.

Coccoid Green (d) 100 Tr.

Closterium 100 .06

Lagerheimia 100' Tr.

Kirschneriella 100 Tr.
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TABLE XIXA

PHYTOPLANKTON NUMBERS AND VOLUMES
GRAPEVINE RESERVOIR

5/9/72

Organism Number (cells/ml) Volume (61/1)

Coccoid Green (a) 600 . 02

Coccoid Green (b) 500 Tr.

Scenedesmus 400 . 08

Phacotus 300 .04

Coccoid Green (c) 300 Tr.

Centric Diatom 100 Tr.

Pennate Diatom 100 Tr.

Coccoid Green (d) 100 .01

Unident. Green (e) 100 .31

Coccoid Green (f) 100 .02
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TABLE XXA

PHYTOPLANKTON NUMBERS AND VOLUMES

LAKE RAY HUBBARD

7/31/71

Organism Number (Cell/ml) Volume YL)

Oscillatoria (a) 55,400 0.19

Oscillatoria (b) 36,800 1. 36

Merismopedia 28,400 .03

Anacystis (a) 22,100 .02

Lyngbya 7,000 .09

Anacystis (b) 5,000 .05

Chroococcus 4f,800 .04

Spirulina 3, 300 .52

Westella 2,600 *07

Mougeotia 1,400 .46

Chlorella 1,300 .01

Crucigenia 1,200 .02

Anabaena 1,000 .09

Scenedesmus 800 .12

Ankistrodesmus 700 .05

Unident. Coccoid Gr. '500 Tr.

Euglena 400 .20

Pennate Diatom (a) 400 .10

Pennate Diatom (b) 400 .13

Closterium 300 .02

ietraedron 300 .02

Trachelomonas 300 .30

Kirschneriella 300 .01

Golenkinia 200 .04

Chlorogonium 100 .01

Lagerheimia 100 Tr.

Melosira 100-01

Schroedaria 100 .03

Staurastrum 100 .06
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TABLE XXIA

PHYTOPLANKTON NUMBERS AND VOLUMES
LAKE PAY HUBBARD

9/29/71

Organism Number (Cells/ml) Volume .(l/l)

Anacystis

oscillatoria (a)

Gomphosphaerium

Oscillatoria (b)

Pediast rum

Chroococcus

Spirulina

Chlorella

Scenedesmus

Pennate Diatom

Ankistrodesmus

Centric Diatom

Trachelomonas

Anabaena

Fraceia

Tetraedron

27,200,

13,000

5,000

4, 500

1,700

1,500

1,400

1, 200

1, 200

1,000

300

300

300

100

100

100

.01

.32

.04

.01

.37

.01

.07

.02

.04

.20

.02

.15

.36

.05

Tr.

.03

J ___________________________________________________
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TABLE XXIIA

PHYTOPLANKTON NUMBERS AND VOLUMES

LAKE RAY HUBBARD

2/15/72

Organism Number (Cells/ml) Volume (64/l)

elosira 26,600 4.73

Pseudotetraedron 10,700 1.04

Cyclotella 500 .17

Chlorella 300 0 01

Centric Diatom 200' .18

Dictyosphaerium 200 Tr.

Pennate Diatom (a) 200 .12

Closteriopsis 100 .01

Closterium 100 .24

Stephanodiscus 100 -.402

Pennate Diatom (b) 100 .04
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TABLE XXIII

PHYTOPLANKTON NUMBERS AND VOLUMES

LAKE RAY HUBBARD

3/9/72

Organism Number (Cells/ml) Volume (/_)

Melosira 3,900 '1.05

OScillatoria 3,000 .12

Coccoid Green (a) 1,600 .01

Dictyosphaerian 1,600 .01

Tetradesmus 800 .01

Coccoid Green (b) 600 .01

Ankistrodesmus 500 .03

Selenastrum 500 Tr.

Centric Diatom 400 .24

Lagerheimia 400 .01

Scenedesmus 400-Tr.

Trachelomonas 400 .02

Chlorogibba 100 .01

Coccoid Green (c) 100 .02
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TABLE XXIVA

PHYTOPLANKTON NUMBERS AND VOLUMES
LAKE RAY HUBBARD

3/28/72

'OrganismNumber (Cells/ml) Volume ( l/l)

Centric Diatom (a) 2,500 .12

Coccoid Green (a) 2,500 .06

Oscillatoria 1,900 .05

Coccoid Green (b) 800 Tr.

Ankis trodesmus 400 .03

Scenedesmus 200 Tr.

Centric Diatom (b) 100 Tr.

Centric Diatom (c) 100 .01

Melosira 100 .02

Kirschneriella 100 .01

Lagerheimia 100 .01

Coccoid Green 100 Tr.

Trachelomonas 100 .18
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TABLE XXVA

PHYTOPLANKTON NUMBERS AND VOLUMES
LAKE RAY HUBBARD

4/11/72

Organism Number (Cells/ml) Volume (pl/I)

Anacystis 18,500 .01
Tetradesmus 1,200 .01
Ankistrodesmus 1,100 .03
Melosira 1,100 .51
Centric Diatom (a) 900 .02
Coccoid Green (a) 700 Tr.
Lagerheimia 400 .02
Trachelomonas 400 .32
Coccoid Green (b) 400 Tr.
Cosmarium 100 .70
Kirschneriella 100 Tr.
Tetraedron 100 Tr.
Stephanodiscus 100 .01
Centric Diatom (b) 100 .09
Centric Diatom (c) 100 .02
Centri c Diatom (d) 100 Tr.
Centric Diatom (e) 100 Tr.
Pennate Diatom (a) 100 Tr.
Coccoid Green (c) 100 .01
Coccoid Green (d) 100 .02
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TABLE XXVIA

PHYTO PLANKTON NUMBERS AND VOLUMES
LAKE RAY HUBBARD

4/25/72

Organism Number (Cells/ml) Volume (fl

Ap han izomenon 21,800 1.20
Anacystis 7,-200 Tr.

Centric Diatom (a) 2,600 .06

Tetradesmus 800 .04

Centric Diatom (b) 600 .07

Scenedesmus 400 .08

Pennate Diatom 200 Tr.
Phacotus 200 Tr.

Coccoid Green (a) 200 .01

Ankistrodesmus 100 Tr.

Kirschneriella 100 Tr.

Coccoid Green (b) 100 Tr.

Coccoid Green (c) 100 .01

Phacus 100 .05

Schroedaria 100 .01

Trachelomonas 100 .10

Centric Diatom (c) 100 .04
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TABLE XXVIIA

PHYTOPLANKTON NUMBERS AND VOLUMES
LAKE RAY HUBBARD-

4/29/72

Organism Number (Cells/ml) Volume (p1/ )

Aphanizomenon 17,00 1.03

Anabaena spiroides 6,000 .29

Anabaena sp. 1,300 .02

Pandorina 600 .30

Coccoid Green (a) 500 Tr.

Unident. Green (a) 300 Tr.

Scenedesmus 200 .01

Ankistrodesmus 200 .01

Coccoid Green (b) 200 .01

Tetradesmus 200 Tr.

Trachelomonas 100 .13

Pennate Diatom 100 Tr.

Unident. Green (b) 100 Tr.

Schroedaria 100 Tr.

Cosmarium 100 .40
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TABLE XXVIIIA

PHYTOPLANKTON NUMBERS AND VOLUMES

LAKE RAY HUBBARD

5/2/72

Organism Number (Cells/ml) Volume (pLLL)

Anacystis 10,000 .01

Aphanizomenon 4,000 .39

Pediastrum 4, 000 .15

Coccoid Green (a) 2,200 .02

Centric Diatom (a) 1,800 .04

Centric Diatom (b) 100 Tr.

Pennate Diatom 100 Tr.

Phacotus 100 .02

Schroedaria 100 Tr.

Coccoid Green (b) 100 .10
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TABLE XXIXA

PHYTOPLANKTON NUMBERS AND VOLUMES

LEWISVILLE RESERVOIR

9/10/71

Organism Number (Cells/ml) Volume (1/l)

Oscillatoria (a) 9,600 Tr.

Anacystis 9,050 .01

0scillatoria (b) 2,500 .24

Anabaenopsis 2,500 .06

Dictyosphaerium 750 Tr.

Chlorella 600 Tr.

Spirulina 600 .05

Chroococcus 450 Tr.

Pennate Diatom (a) 150 .03

Cosmarium 150 .12

Kirschneriella 100 Tr.

Phacotus 100 .08

Ankistrodesmus 50 Tr.

Tetraedron 50 Tr.

Pennate Diatom (b) 50 .03

Trachelomonas 50 .05
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TABLE XXXA

PHYTO PLANKTON NUMBERS AND VOLUMES
LEWISVILLE RESERVOIR

1/18/72

Organism Number (Cells/ml) Volume (4j f

Coccoid Green (a) 900 .02

Tetradesmus 400 Tr.

Centric Diatom 400 .04

Ankistrodesmus 300 .02

Pennate Diatom 100 Tr.

Coccoid Green (b) 100 Tr.

Tetraedron 100 Tr.
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TABLE XXXIA

PHYTOPLANKTON NUMBERS AND VOLUMES
LEWISVILLE RESERVOIR

2/9/72

Organism. Number (Cells/ml) Volume (p4ff)

Centric Diatom (a) 2,100 .20

Chlorella 1,400 F.02

Tetraedron 800 .03

Ankistrodesmus 300 .01

Centric Diatom (b) 300 .11

Centric Diatom (c) 300 909

Selenastrum 200 Tr.

Chlamydomonas 100 .02

Unident. Green (a) 100 .23

Coccoid Green (b) 100 Tr.
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TABLE XXXIIA

PHYTOPLANKTON NUMBERS AND VOLUMES
LEWISVILLE RESERVOIR

2/29/72

Organism Numbers (Cells/mi) Volume1/1)

Chlorella 1,300 .03

Coccoid Green 1,200 Tr.

Chlamydomonas 900 .15

Selenastrum 500 .01

Scenedesmus 400 .01

Centric Diatom 400 .06

Ankistrodesmus 300 Tr.

Unident. Green 200 .01

Tetraedron 100 Tr.

Pennate Diatom (a) 100 .02

Pennate Diatom (b) 100 .03
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TABLE XXXIIIA

PHYTOPLANKTON NUMBERS AND VOLUMES
LEWISVILLE RESERVOIR

3/22/72

Organism Number (Cells/mi) Volume (jl)

Centric Diatom (a) 3,200 .13
Centric Diatom (b) 1,900 1 09
Centric Diatom (c) 1,900 .31
Anacystis 1,200 Tr.
Coccoid Green 1,000 .01
Pennate Diatom (a) 500 .03
Ankistrodesmus 500 .01
Kirschneriella 500 .02
Tetraedron 500 .03
Unident. Green (a) 400 .01
Scenedesmus 400 .04
Te tradesmus 400 Tr.
Unident. Green (b) 300 Tr.
Trachelomonas 200 .10
Unident. Green (c) 200 .04
Centric Diatom (d) 100 .04
Centric Diatom (e) 100 .30
Pennate Diatom (b) 100 .08
Lagerheimia 100 Tr.
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TABLE XXXIVA

PHYTOPLANKTON VOLUMES AND NUMBERS

LEWISVILLE RESERVOIR
4/7/72

Organism Number (Cells/ml)I Volume (pjj)

Centric Diatom (a) 1,900 .08

Chlorella (a) 1,500 .01

Chlorella (b) 800 .02

Kirschneriella 500 .02

Centric Diatom (b) 200 .08

Ankistrodesmus 200 Tr.

Pennate Diatom 100 .06

Unident. Green (a) 100 .02

Unident. Green 100. Tr.

Schroedaria 100 Tr.
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TABLE XXXVA

PHYTOPLANKTON NUMBERS AND 'VOLUMES
LEWISVILLE RESERVOIR

4/18/72

0 rga,.nis mNumber (Cells/m) 4Volume /
Coelastrum 1,600 .10

Cyclotella (a) 10400 8.59

Cyclotella (b) 900 .20

Chlorella 900 .02

Tetradesmus 400 Tr.

Closterium 200 .05

Trachelomonas 200 .07

Lepocinclis 100 .14

Pennate Diatom 100 Tr.

Tetraedron 100 Tr.

Ankistrodesmus 100 Tr.

Kirschneriella 100, Tr.
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