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INTROGUCTION

Aim and Purpose

This investigation of the waters of Lake iridueport is
to obtain data essential for a satisfactory understanding
of the effects of the physical and chemical factors on the
aquatic life, These factors determine the kinds of food
available for 1life there, When a comparative study is made
over a period of one year, the facts are more reliable for
studying the life cycles and forms of animal life.

The problem Is confined to the physical and chemical
factors in the lake. Quantitative studies wére made once
a month over a period of one year which included the follow=-
ing determinations: temperature, depth, turbidity, pH, al-
kalinity, dissolved oxygen, free carbon dioxide, ammonia
nitrogen, nitrates, organic nitrogen, and dissolved phos=-
phates. Une complete quantitative analysis included the
following determinations: silica, iron, calciumn, macnes-
lun, sodium and potassium, bicarbonate, carbonate, sul=-
phate, chloride, residue on evaporation, non-carbonate
hardness, and soap hardness.,

Irequently lakes are artificially stocked with ani-
mal 1life, but if the chemical and physical factors are not
favorasle, there will be little productivity. Therefore,
this investigation is of importance economically as wcll

as scientifically and has been studied with the hove that
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the facts may aid in perpetuating plant and animal life in

Lake DBridgeport.

Physiography, !‘orphometry, and Geology

Lake Bridgeport is located in Vise County, Texas. l/ise
County lies in approxlmately the north central part of the
state between the ninety-seventh and ninety-eighth mecridians,
and is cut by the thirty-~third parallel. The lake is lo-
cated six miles west of Bridgeport, Texas.

Lake Uridgeport is the firstofa series of three lakes
from which Fort Worth receives its water supply. The water
flows from Lake iridgeport into Eagle lountain Lake, then
into Lake Vorth from which it is used directly.

The shore line of Lake Bridgeport is 8v.(G2 miles; the
arca 183.10 square miles; maximum len_ th G.30 miles; maxi-
nmum breath 2,40 niiles; and the maximum depth is JU feet.

The main axis runs north and souths. The volume of Lake
Bridgeport is not definite iu that it varies with heavy
rains and floods, but its capacity is approximately 290,000
acre-feet (Flge 1).

Following any general classification which has .en
made Lake Lridgeport mlight bo in any one of several classes,
but it probably has more nearly tle requirements of Class
3, Type 1I, In the classification set up by Zirce. In tuis
class the water is completely circulated cduring all the

year except summer. Also in June, July, and Aujust no oxy-



gen is found in the bottom.l

One reason for the construction of this lake other
than as a water supply was to aid in prevention of f{loods.
The lake has a drainage arca of 1,006 squarc miles includiag
northwestern part of Vise, and all of Jack and ! onta ue
Counties, Thils area is drained by the iest iork of the Trin-
ity River and its tributaries.s During fall and late win-
ter the rains are heavy, generally causing floods which fill
the lake and bring huge amounts of soil and derris,

The lake drains areas located in the Brad and Caddo
Creek formaticnse In these formatios.:s sand and crevil de=
posits appear along all of the lar_er streanus mizxed with
limestone, shale, clay, and s7iie coal.

Lake Brlidgeport is drained froam the bottom although
the sutflow of water Is not constant. In July, 1936, there
was thermal stratification, but tie water was compnletely
mixed In August when a larce amount of water wes drained
from the lake. The effect of this interruptio: has not
been determined as the lake is approximately two years old

and has never been full,

liethods and Equipiment
All of the methods of chewical analysis except soluble

phosphates were iliased on Standard ilethod of Vater Analysis

Remmerer, Jovard, and Loorman, "llorthwestern Lakes of
the United States," Bulletin of Unitcd States Dureau of
Fisheries, pp. 57-140. -




by the American Public Health Assoclation. The colorimetric
method used by Juday, Jirge, and Kemmerer (1925-26) was en-
ployed in determining the dissolved phosphates in this study.2

Two especially constructed sample cases werc used in
the field to aid in the determinations. The lar er sample
case was a.out sixteen Inches by thirty-one inches by twelve
inches and was partitioned for sample bottles and for appa-
ratus needed In the field, The smaller bLox was constructed
in like fashion with partitimns for l.0oldiag reagei:t boitles
and with a cdouble lid for carrying the pipettes.

Apparatus for deter:.ini:g the pH of the water by the
colorimetric method, dissolvecd carbon dioxide, and part of
the oxygen was carried t7 the field, so that ceterminations
could be made there. The other che .ical tests werc .ade inm-
mediately on return to the laboratory.

A reversing thermometer of the legretti-Zambra type
was used Iin taking temperature. The thermometer was let
down Ly means of a calibratea line to the desired depth and
the messenyer was dropped, reversing the theraoseter, The
mercury remained stationary; therefore, the reading could
not change as the ther..ometer was drawn to the top.

Samples were taken once a month for onc year with a

Juday Sampler at a station located ncar the dcepest part

Jucay, Lirge, Kemmerer, and Robinson, "Phosphorus Con-
tent of Lake Waters of lortheastern Viscousin," Visconsin
Acadeny of Sciences, Arts, and Letturs, pp. R50-237.




of the lake. The samples for determining bicarbonates,
dissolved oxygen, dissolved carion dioxide, and pl werc
taken in separate R50 cubic ccuontimeter bottles at ever:s

two meters from surface to the bottom. [Ilearents werc added
to the oxygen samples In the field; carbon dioxide and pl
were deteramined in the field; and bicarbonates were taken to
the laporatory. The samples for all other deter .iialious
were taken In liter bottles at surface, e¢ight meters, and
bottom,

The bottles were filled by placing the tube of the sam-
pler to the bottom of the bottle and filled to overflowin:.
The tube was slowly removed while the water was flowin,
and the bottle closed so there would be nc air buibles.

In obtaining the samples at differeut depths the sam-
nler was set open and lowercd to the required depnth .y
means of a calibrated line. Tiie .essenger was thon dropped,
closin, the sampler at that depth, so that it might be
drawn to the surface, A spring valve at the bottom of the
container was opened to allow the water to flow into the
bottles.

Other general methods of egulpment such as maps, draw-
ing boarc¢s, polar planimeter, map-measure, and oovionsly
an automobile and motor boat for transportation were en-

ployed o. occasions when necessary.






TABLE 1

COMPLETE WATER ANALYSIS
LAKE BRIDGEPORT

Farts

Substance Found Fer

Million
Silica (S10;) 4,00
Iron (Fettt) 0.12
Calcium (Ca) 34,40
Magnesium (Mg) 5.44
Sodium and Potassium (Na, K) 22.00
Bicarbonate (HCOs) 103.68
Carbonate (COs) 0.00
Sulphate (SQ4) 35440
Chloride (Cl) 10,00
Nitrites (NO,) trace
Residue on Evaporation (103°C.) 200.00
Non-carbonate Hardness 13.40

Soap Hardness 659.75
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DISCUSSION
PEYSICAL F: ATURES

Water Hovement

In lales the water is mixed by wave motion and cur-
rents. The waves sre mé.inly prodm:éd by wind. The local
condlitions such as area of lake, shape fo shoreline, and
the direction, duration, and veloeity of wind determine the
size and type of wave action. The waves and currents in
Lakes Bridgepert tend to keep the water campletely mixed
throughout the year, sxvept summer. Then the wave action

is decreased and thermal stratification occurse.

Turbidity

The plant life in a lake 1s partielly proportionsl to
the amount of 1light sdmitted, and the light is determined
largely by the turbidity of the water. In Lake Bridgeport
the high winds, heavy rains, and soil srosion ecause the
waters to be very turbid in fall, winter, and spring. The
turbldity of these waters probably decresases the life pro=
duction in the lake mere thsn any other single factor.

Suspended matters in the water csuse it to be turbid.
Any finely divided material contribute to turbidity, but
the most prominent among these materials are (1) finely
divided non-1living substances of organle origin, (2) silt,
and (3) plankton organismas. These substances have been
divided into two groups: (1) the settling suspended matters,

18-



and (2) the non-settling suapended matters.
Settling suspended matters esre those substances which in

motionless water will sooner or later settle to the bottam.
From the results of laboratory experiments in 1927,
Kindle concluded that the sharply contrasted densitles and
viscosities of the epilimnion and the hypolimmlion cause a
distinct delsy in the settling of finely divided sediments.l

Non-settling suspended matters are those materials

whose specific gravitiea are less than water or materials

which are in eolloidal suspension, and hence are permanently
suspended,

Thermal Condltions

The temperatwure during the greater part of the year
varies 1little between the surface and bottom in this lake,
In June, July, and August the surface temperatures are
much higher than the bottom which induces thermal stratifi-
cation (Table XI).

There must be a complete understanding of the features
of thermal stratification as this pbonomenon has & profound
influence upon the whole biological and chemical "set-up.”
Lals RBridgeport does not have all of the cycle of events ex-
pected In a large natural lake with thermal stratification.
This particular lake has complete circulation in fall,
spring, and winterg thermal stratification in summer; and

lyelch, Limnology, ppe 186.



a fall "turnover." The description will ie-in arbitarily
with the conditions as tliey exist in spring.

In spring the whole lake is homothermous (Table VIII).
%hen the density is the same throughout the lake, the winds
cause the waters to mix from surface to ottom. out as the
air becomes warmer in early summer, the temperature of the
surface water begins to rise thereby decreasing its density.
This condition continues until the tecmperature of the sure
face water is several degrees above that of the underlying
waters. Then only the surface waters can be circulated by
wind, and a conditlon of thermal stratification comnes into
existence. The lake water separates into three distinct
layers (fig. 2). The epilimnion, the u per layer, is the
zone of summer circulation and uniform temperaturc. Tlhe
thermocline, the ncxt stratum, is the zone where therc is a
drop in temperature of one degree centigrade per meter., The
hypolimnion, the lowermost region, is a stratum of nearly
uniform temperature from its upper limit to the botto..

WWhen thermal stratification iIs permanently established
the lake enters upon the summer stagnation period (Fig.2).
The watcr of the hypolimnion during summer becomes "stag-
nated."

In early autumn the cool air bejins to cool the surface
of the lake. As the surface waters are cooled and baeco .e

heavler, the dencer water sinks and convection currents are
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set up equalizing the temperaturec throughout the lake,

The lake remains homothermous throughout the winter
(Fige 2)« Some lakes have a winter sta:nation period and
a spring turnover, put due to the continuous mixing of the
water and lack of continuous temperaturc below 4° Centigrade,
Lake Bridgeport does not.,.

All organisms have a maximum and a minimum environ-
mental temperature, but many aquatic anlials reaain active
through wide ranges of temperatures. Lake ILridgeport vuries
frou 5.20°C. to 35°C. during the year (Tables I1I = ‘1),
but the ¢reatest variation in the lake at one ti..c was from

35.0°C. at surface to 23.4°C. at the Dhottoa on June 21,

1937 (Fig. 2), (Table XI).
CHEMICAL FEATURES
p— ——— — —— B —— ———— -

Hydrogen lon Concentration
Some recent literature seems to indicate that pH is an
important factor and that very small changes in hydrogen ion
concentration may result in very significant changes in the

functioning of the animal mechanisms.

Coker in 1925 stated that the pH of the water
may be a limiting factor in its sulta ility for
fish. Ille reported that the brook trout inhalits
waters wihich are acid or at most neutral, :ore
recently, however, Creaser has shown that brook
trout tolerate a pH range from 4.1 to 9.5. Also
Behre in 1925 stated that in an investigation of
Pacific Slope waters, he found them to vary be-
tween pH ¢.8 and 8.4, and that fish were found to



be Iindependent of a considerable variation in pH.2

The pH of water Is the measurement of the combined ef-
fects of carbon dioxide, and varlous salts. pH readings
are merely Indicators of the conditions existing in the
lake,

The pH of Lake Bridgeport ranged between 7.2 to 8.4
which indicates a favorable equilibrium between the eclecw

trolytes in the water (Tables Il - XI).

Alkalinity

The alkalinity of natural water is a measure of its
carbonate, bicarbonate, hydroxide, and occasionally boratc,
silicate, and phosphate content. The alkalinity in this
lake is produced by soluble bicarbonates and phosphates,
mainly those of sodium, potassium, calcium, and magnesiume.
Since the bicarbonates are high, Lake Brdigeport is a tem-
porary hard water lake. The phosphates remain constant be-
tween 0,2 to 0.6 parts per million (Tables 11-XI). The
bicarbonates vary from 80,00 to 110,00 parts per million
at the surface during the year, They did not show chenical

stratification to any great extent (Fige 8}.

Phosphates

Phosphates are good buffers and have pronounced ef-

R
Curbo, Addle liae, Chemical Factors Affecting Fish
Production: Lake Dallas, pp. KB8=28.
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fect upon the pH of the waters. Some literature indicates

that phosphorus may be a limiting factor, but Birge, Juday,

Kemmerer, and Robinson (1925-26) found after studying 88

lakes that is apparently not a limiting factor. They found

that the amount of phosphorus ¢id not matter and that it

could be a limiting factor only when there was no phosphorus.3
In waters where there is a very small amount of solu-

ble phosphates a large growth of phytoplankton would exhaust

the supply, and in that case the phosphorus content could

be a limiting factor. The phosphorus content of Lake Pridge=-

port ranges between 0.2 to 0.6 parts per willion (Tables

II1 = XI)o

Dissolved Oxygen

An adequate supply of dissolved oxygen is one of the
prime requirements of most aquatic organisms; hence, the
oxygen content of water is very important. The principal
sources of dissolved oxygen in water are (1) the atmos-
phere tirough the exposed surface and (2) the photosynthesis
of chlorophyll-bearing plants.

There 1s always sufficient oxygen In the upper strata
of Lake Bridgeport; however, during June, July, and August
there is little found in the “ottom water, which is a re=-

sult of stratification. The oxygen content varies at sur=-

3Juday, Lirge, Kemmerer, and Roiinson, "Phosghorus
Content of Lake Waters of lortheastern Wisconsin,  Trans-
actions of the Wisconsin Academy, pp. 234-R44.




face from 4.6 to 13.6 parts per million (Fige 5) and from
0.0 to 13.6 parts per million at 16 meters depth (Fige 7).

The causes of the oxygen decrease in Lake Bridgeport
are practically the same as in any lake. Respiration of
animals and plants, decomposition of organic matter, auto=
matic release due to temperature, and presence of iron are
the principal reasons,

In a lake exhibiting thermal stratification, chemical
stratification may also occur. Although the two phenomena
occur often together, they may exist independently of each
other. Chemical stratification is an expression sometimes
used to describe a condition existing during the summer and
winter stagnation perlods., During these periods one hori-
zontal stratum becomes quite different chemically from ad-
Jacent ones,

In spring the water carries a maximum load of dissolved
gases, and there is equal distribution of dissolved oxygen,
pH, carbon dioxide, and dissolved substances from surface
to bottom (Fiy. 4). Decomposition gases such as free car-
bon dioxide, hydrogen sulphide, methane, and others are
carried from the bottom to surface and are discharged., The
lake becomes ventilated.

With the establishment of the summer stagnation period,
there comes a series of distinct conditions existing in the
epilimnion, thermocline, and hypolimnion. Due to rise in

temperature the capacity for dissolved gases decreases In
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the epilimnion. Since the waters of the epilimnion con-
tinue to circulate throughout the summer, the factors re-
main approximately the same throughout the zone. A satu-
rated condition of oxygen, carbon dioxide, and nitrogen may
exist during this period. The hydrogen ion concentration
tends to remain constant, but oftens increases with in-
creasing depth in or near the thermocline.

In the thermocline the oxygen content decreases; the
carbon diocxide increases slightly; pH approaches a neutral
or acid conditiony suspended matters are concentrated; and
dissolved substances are usually uniformly distributed.

In the bottom layer of water orjanic substances begin
to undergo decomposition which consumes the dissolved oxy-
gen and liberates carbon dioxide. The oxygen supply becomes
completely exhausted (Fig. 4). Methane, hydrogen sulphide,
and other decomposition gases also accumulate, and the pll
approaches an acid condition.

Stratification of one factor or of all the chemical
factors may occur in 8 lake. There is not complete chem-
ical stratification in Lake Bridgeport (Table XI),

When the fall turnover occurs, the water becomes very
turbid and is completely mixed giving a condition similar

to the one existing in spring (Table V).

Free Carbon Dioxide

The free carbon dioxide in natural waters helps bring



about conditions of acidity, alkalinity, or neutrality.
The sources of carbon dioxide in Lake Lridgeport are (1)
the airy (2) inflowing ground waterj (3) decomposition of
organic matter; and (4) respiration of animals and plants.
Carbon dioxide is necessary for photosynthesis which
makes it essential for practically all plant life, Con=
sumption of free carbon dioxide In photosynthesis is depen-
dent on several clircumstances, such as the amount of green
plants, both pytoplankton and higher plants; duration of
effective day light; transparency of the water; and tiae of
the year,
The carbon dlioxide varies in Lake Bridyeport from a
total absence to 7.0 parts per million at the surface
(Fige 5) and from 5.20 to 17.0 parts per million at the
bottom (Fige 7). During the summer the carbon dioxide in-
creases at the bottom of the lake, and oxygen decreases:
(Fige 4). The oxidation of organic matter liberates car=-

bon dioxide and consumes oXygen.

Nitrogen
Dissolved ammonia nitrogen was found In small amounts
in Lake Bridgeport. Ammonia is largely a product of the
decomposition of organic matter in the bottom of the lake,
In summer free ammonia increases with depth (Table XI).
Ammonia nitrogen varies from 0,02 to 0,09 parts per million

at the surface (Tables 1l « XI), The bottom water content
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was higher.

Very little information is available on the biological
relations of gaseous ammonia as produced in natural waters.
Although some say it can become toxic, it evidently is not

in Lake Bridgeport.4

Ammonium salts, nitrites, and nitrates furnish a sup-
ply of nitrogen which is essential in the fundamental food
relations of organisms, Nitrates supply nitrogen in a more
usable form for plant life., [Litrate content is not high in
Lake Bridgeport, but there is a constant and adeguate sup=-
ply (Table II - XI).

A dilute solution of nitrites is injurious to some
plants and beneficial to others. A trace of nitrites was
found in Lake Bridgeport (Table 1).

Ammonium salts in excess have been reported poisonous
to fish If present with carbonates. But Wiebe (1931) found

that apparently this is not a limiting factor.5

Silicon
Since diatoms require silicon for the manufacture of
their valves, and since they constitute a very prominent
and strateglc group in the plankton at large, the available

supply of silicon in the water is regarded as a matter of

4Welch, Limnology, pp. 185.

SWelch, Limnology, pp. 186.



-3
real Consequence.6
The silicon content of Lake Bridgeport was 4,00 parts
per million, but a little excess isnot a hinderance (Table
1), All plants profit by its presence, altiough there is
a possibility of higher plant growth in the abscnce or in

the merest trace of silicon,

Calcium, Magnesium, Sodium, and otassium

Calclium is an essential element for most green plants
(not essential for many algae), and magnesiun is desirable,
It has also been well established that, other things veing
equal, the more calcium and magnesium in water the greater
the productivity. Therefore any process which would pre=-
cipitate calcium and magnesium would be a hindrance to life
production. Calcium is not only a necessity in plant growth,
but its lons make available in the desirable form otlier in-
dispensable nutrient ions.

Calcium has several physiological roles, such

as (1) relation to the proper translocation of the

carbohydrates; (2) an integral component of plant

tissue; (3) facilitating the availability of other

ions; and (4) an antidoting agent reducing the toxic

effects of single-salt solutions of sodium, potas-

sium, and magnesium,.”’
Chlorophyll is composed of soue magnesium and is dependent

on magnesium for its proper development., The element ap-

pears to act as a carrier of phosphorus at least in some

6
\'elch, Limnolojy, p. 186.
7Welch, Limnology, pe. 136.
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instances.,

The calcium content of Lake Bridgeport was 34.40 parts
per million existing mostly as bicarbonate and chloride,
and the magnesium content was 5,44 parts per million (Table
I1). Both factors are favorable for production of life.

Potassium is a fixed requirement for plants. Its funce
tion is imperfectly known, but it appears to be a funda-
mental requirement In food manufacture and catalysis.,

While apparently not absolutely necessary for plant
growth and development, sodium is a very desirable element.
Sodium and potassium were determined together and the con=-
tent was 22.00 parts per million which is sufficient (Taile

Ie

Iron
VVhen water has a ferric oxide content of 0,2 to 2.0
parts per million most algae grow best, but distinct toxi=-
city occurs when the available iron exceeds 5 parts per
million., However, Smith (1933) found some natural waters
contain more than 5 parts per million of iron without be=-

ing toxic, as a result of the buffer action of organic come

pounds of calcium salts.® The iron content of Lake Bridge=-

port was 0.12 part per million (Table I).

8
Welch, Limnology, p. 188,
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Sulphur
Sulphur must be present for plant growth and develop-
ment. It forms a necessary material in the composition
of protein and other constituents of the plant., Sulphur
occuring mostly as sodium and potassium sulphates was 35.40

parts per million in Lake Bridgeport (Table I).



CONCLUSION

1. Lake Bridgeport is a typical Texas reservoir lake,
It does not have complete circulation during summer; and in
June, July, and August there 1s no oxygen in the bottom
layer of water,

R. Waters were usually basic having a pH rangye from
7.2 to 8.4, The alkalinity was due to high bicarbonate
content.

3. The lake has been filling rapidly with silt during
the past year,

4. The conditions of temperature, dissolved gases, al-
kalinity, hydrogen ion concentration, iron contegt,'and
electrolytes were favorable for production of life,

5. During mid-summer there was an excess of carvon di-
oxide but 1little oxygen present in the bottom of the lake.,
This condition prohibits the existence of some life in the
bottom waters during summer months,

O. The slight variation in physical and chemical factors
of the water at different depths was probably the result of
the complete circulation of water.

7. The growth of chlorophyll-bearing plants decreases
as the depth increases due to the turbidity of the water.

8. Since Lake Dridgeport ls a reservoir lake and is
drained from the bottom, the draining process renioves the

bottom layer of water, thus preventing any great thermal



stratification. When the lake is drained, it generally
stirs the water causing a "turn-over."

Q¢ As most of the plant and animal life exists in the
surface water, the draining of a lake from the bottoir should

increase the productivity.



SUMMARY

1. Investigation of aguatic environment in Horth Texas
is rather a new fleld.

2+ This Investigation was a comparative monthly study
of the aguatic enviranment in Lale Eridgeport.

Se Standard chemical methods, some approved apparatus,
and other newly designad equipment were uped.

4, The physlography and morphomstry of Lake Brldgeport
were studled, mapped, and measured.

S5« The dats presented are the results of monthly anale
yses.

6+ The dlscussion of the data is based on the blolog-
lcal features of lakes of similar environment.

7« The factes pressnted iIn the data obtainsd sugpgest
possibilities of greater productivity in Lake Bridgeporte.
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