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INTRODUCTION

This paper concerns the limmology oi a man-made impoundment in central
Oklahoma. The objectives of the investigation were two-fold: an overall
view of geperal limnolosical conditions was the goal anu no attempt was
made to find minute relationships and intricacies arising irom ephemeral
chemical phenomena and the resuliing waxing and waming of aquatlc popula-

tions: further, it was a study of limnological factors that change follow-

ing a lapse of time. A volumetric method of measuring plankton is presented.

Limnological literature concerning large southwestern lmpoundments is
sparse. Harris ana Silvey (19L0) studied four Texas reservoirs of varying
ages existine on different geological formations. Irwin (19L1) published
some spring and sumner records of vphysical and chenical features of Grand
Lake, Oklahoma. Cheatum, et. al. (19L2) investigated an East Texas reser—
voir that hmdﬁf}en built about twenty years previous to their work.

The literature concerning annual lentic relationships is alsc limited.
The only ocutstanding papers in this country containing physical, chemical,
and plankton data are those of Birge and Juday (1922), Chandler (19LO,
19h2a, 1942b, 19LL), Chandler anu Weeks (19L5), Cheatum et. al. (19h2),
Harris ani Silvey (1940), Pemnak (19L9), Schefrer anu tobinson (1939), and
Scott (1927). The works of Chandler, and Chandler and Weeks are particu-
larly notable in that they are an extended study of several years.

The present study is unique because it includes two investigations,
separated by a nine year interval, on Lake Carl Blackwell, a 3300 acre in-
poundment in Payne County, Oklahoma. The first investigation (conducted

by ¥. H. Irwin) began in 1940 shortly after impoundment, before the lake
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had completely filled and wnile its productivity was high. The second
began in 19L9 after the basin had filled and tie productivity showed a
definite yearly decline.

Southwestern impoundments apvear to metamorﬁhose gsoon after impound-
ment chan giﬁg from biclogically productive biomes to unprouuctive ones
as they age (Moore, 1937; Irwin, 19LS, 19L8). Limnological data which
supwort this idea are limited and mostly unpublished (Irwin, unpublished

data on Lake McAlester, Yost Lake, and Sanborn Lake in Oklahoma: Okla-

homa Game and Mish Commission, unpublished, numerous Oklahoma impoundments;

loomis ana Poole, unpublished, Lake Carl Blackwell; Leonard and Stevenson,

unpublished, Oklahoma nponds).



SITUATIONS STUDIED AND HETHODS USED

Situations Studied
Lake Carl Blackwell is located nine miles west oi Stillwater, Oklahoma,
on Permian red bed soil. It draine a watershed fourteen times the size of
the lake surface, has many shallow arms, which present a long shorc line.
The loke lies with the long axis (east-west) at right angles to the prevail-
ing winds which are from the south.
The dam was comnieted in 1937, but the basin dia not completely fill'ﬁ

until 1945, Typical of reservoirs, the deepest part is near the asm.

1940-1a

Investigations of the 1940-Ll study were conducted monthly. The col-~
lection of sauples began in October, 19L0, and contimued through September
20, 19L1. Original nlans included Iour stations, but other duties of the
investigator necessitated partial abandonment of three. However, the data
available for tliese stations are included as Table II. These stations
were located in the shallow margins near the lake shore. Station I, from
which most oi the 19L0=-l1 data were derived was located just west of the
dam over a pit formed by the excavation of clay for the dam core. The pit
was tine deepest part of the lake and later became filled with silt since
it could not be found during the 19L9-50 study. Station II was in the first
arm west ol tie cam on the north siue of the lake in the northeast corner
of section 9. The water depth in 19O was about five feet. Station III
was on the first arm west of the Jdam on the south side of the lake in zbout

3% feet of water. Station IV was in the main body of the lake in section 7,
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two and one-half miles west of Station I in about - feet of water. This

area was surrounded by imundated trees.

194950

The four stations selected for sampling in the 19L9-50 study were
located in the approximate region of the same 19L0-l1 stations. Two, Sta-
tions I ana IV, were in the main bouy of the lake, anu two, Stations II and
IIT were in the arms nearest the dam. ¥ach station site reprusented the
deepest water of that particular area of the lake. Station 1 (19Lh9-50),
which had the greatest depth, was near t:e dam west of tie outlet tower
over tiie stream bed instead of over tie clay pit as in 19ho=-hl.

bach station was visited twice wonthly at approximately two-week in-
tervals. An exception to this being in MYay when only one series of samples
was taken. The 19L9=-50 part of the study began on March 3, 1919, anc con-

inued through February 25, 1950.

Methods Used

Physical
Temperatucre All temperature determinations were made with an H'B
reversing thermometer. The 19L0=ll study readings were taken at tie sur-—
face, eight meters, and bottom. The 19L9-50 readings were taken at the
surface, five meters, and bottom. Exceptions to these were during themal
stratitication when readings were also made throughout the thermocline.
Turbidity Turbidity was determined by ﬁhe use oi a Jackson turbidi-
neter.
Chemical

Samples for chemical determinations were collected by means ol a three-
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liter Kemmerer botile. Depths at which samples were taken were the sane
as those given for temperature.
The rethods used were those given in the current editions of Standard

Methods for the Examination of Water and Sewape anu Welch's Limnological

Methaxis.

Uissolved oxygen The Rideal-Stewart modification of the Winkler

method was used for dissolved oxygen determinations.

Carbon dioxide Free carbon dioxide was determined by the titration

of a 100 ml. water samole with M/ll; NaOH. These determinations were made
in the field immediately after samples were taken.

Bounii and half-bound earbon dioxide determinations were made by
titratinz 100 ml. samples of water with N/50 Hy50),, employing phenol-
vhtlaiein and methyl orange as indicators.

Hydrogen-ion concentration The Hellige comparator employing color

discs was used throughout the study. This method of hydrogen-ion concen—
tration determination is considered accurate to within 0,1 pH units.
Plankton

Plankton collections from the surface, eight peters (19L0-l1), five
meters (19L9-50), anu bottom were obtained by concentrating 30 liters of
water using a Wisconsin plankton net with number 25 bolting silk. The
concentrates were preserved in iive per cent formalin.

Exawrination of the plankton involved two methods: (1) a numerical
analysis, and (2) a volumetric analysis. Data derived by the first method
are prescnted for Stations I only. Counts were made with the aid or a com=
pound microscone equipped with a 10X ocular and a 16 mm. objective, a
¥hipple ocular micrometer, and a 1 ml. Sedgwick-hafter counting chamber.

Counts wcre made from the concentrate by selecting ten ocular fields at



random, te numbers in the ficlds averaged and the necessary computations
made to determine the number of organisms or colonies per liter.

A qualitative survey of each concentrate was made before counling to
identify the genera wresent. JIdentification was carried only to genus.

The data obtained by the volumetric method, introduced in this naper,
were secured by reducing each concentrate to 3 ml. The re-concentrate was
placed in a 3 ml. cserebrospinal protein centrifuge tube which was graduated
in 0.00k4 ml. subdivisions ani centrifuged at 3,000 rpm for two minutes.

The volume of plankton obtained was divided by 30. The quotient thus ob-
tained is the volume of centrifuged plankton p«r liter ol lake water.

Repeated examination of the supernatent showed it to be free of micro-
scopic organisms. Throughout the study ap oc¢casional Chaoborus irom the
bottom samples could not be thrown down in centrifuging, but no adjustment

in recording the volume was made for these Ifloating orpanisms.



PHYSICAL FEATURES
Thermal Data

1900-L1

Surface temperastures varied from a minimum of 3.2° C. on December 19,
1910, to 2 maximum of 28.1° C. on July 10, 19l1 (Table I). Little verti-
cal temperature difference occurred throughout the year, except for the
thermal stratification period.

Thermal stratification had develoved by May 31, 1941, continued
throughout the summer, anc was present when readings were made on September
20. The thermocline bepan at the eight-meter level on May 31, and continued
to the bottom of the lake. On July 10, 1941, the thermocline began at four
meters and extended downward for at least two meters. On this date all ver-
tical determinations were not made since strong winds stonped operations on
the lake. By August 29, the upper reaches of the thermocline had dropped
to tie seven-meler level and extended to the bottom. On September 20, a
depth of ten nmeters nmarked the beginning of thermal stratification which ex-
tended downward for one meter only. A hypolimnion existed only when the
Sentenber 20 readings were made, This hypolimnion, beginning at eleven
meters, was one and one-hali meters deep.

| 1914950

Thermal data for the 191:9-50 study are prescnted in Table III. During
this reriod vertical differences, except during stratification, were slight,
but somewhat more pronounced than those of 1941. The maximum temperature

recorded, 28.5% C., occurred on June 25, 1919, at Station II. Tewperatures



TABLE I

TEMPERATURE 1940-/) EXPRESSED AS DEGREES CENTIGRADE

Station I

Meters 0 4 5 6 7 8 9 10 106 1 12 124 13 14
Oct. 24 18.‘ 17;8 17 02 17 01
NOV. 21 803 8.2 8.4
Des, 19 3.2 3.2 3.6
Jan, 9 5.2 5.0 5.0

31 506 402 L-A
March 9 7.0 5.9 5.9
April 9 13.0 12.9 12,6
July 10 28,4 28,3 26,7 25,1 24,1 23.6
Segt. 20 25,4 24,1 23,9 18,1 1642 116.1 _



TABLE 1I

PHYSICAL! CHEMICAL! AND PLANKTON DATA  STATIONS II! IIIE AND IV 1_9:_24._:1&__ —_

Stetdon II
Date Centrifuged Terp. 073 pH COy FH-TH M.0. Turbidity

Plankton cc. ppn ppm Ppnm rpm
Jan, 31 .0019 506 12.5 7#8 2,0 0.0 IM.O 25"
Mar, 9 .0017 6.2 11.5 8.3 0.0 0.0 138.0 25~
Apr, 9 .0032 13.2 9.8 8.1 0.0 3.5 149.0 25
Mey 9 0064 21,7 745 7.9 2.0 0.0 115.0 88
Phy 31 0029 23.9 447 7.5 4.0 0.0 97.0 148

Stat 1
oct. 24 1905 808 802 ooo 1.0 142.0 25—
Jan, 31 .0019 18,0 12,7 8.0 0.0 1,5 145.0 25m=
Mar, 9 0037 8.2 12.4 8.2 0.0 3.5 139.0 25«
Apr. 9 0042 13.3 72 8.1 0.0 3.5 144..0 25
May 9 .0037 20.2 A 745 2.0 0.0 12445 135
May 31 0067 27.0 52 7.6 4.0 0.0 99.0 107
station IV

Oct, 24 .C035 18.6 8.0 8.2 0.0 0.5 146.0 25w
Jan, 31 .0026 7.1 12,7 8.0 0.0 2,0 140.0 25w~
Mar, 9 .0030 12.5 8.8 8.1 0.0 3.0 144.0 25w
Apr. 9 .0026 14.1 8.6 8.4 C.0 3.5 140.0 25
Mey 9 .0037 20,7 5.1 7.7 2.0 0.0 123.0 (YA
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from the other three stations on the same cate were 0.1 to 1.0° C. less.
The minimum temperature (3.5° C.) was recorded January 30, 1950.

A thermocline was first noted on June 25, 1949, at Statiomns I and IV.
Its upver limit began at five meters and extended through the next iggx»’”"
meters. This upper limit remained at the five-meter level until thermal
stratification disappeared between August 16 and September 3, 13L9.

At Station I a hypolimnion begimning at ten meters was found on
Jure 25, and July 8, 1949. Ko hypolimnion was found at Station IV.

Thermal stratification was not found at Stations IT and Iil.
Turbidity

Turbidities recorded in both the 1940-h1 ami 19L9-50 studies were

due mainly to silt as is shown by the pauecity of plankton populations.
1940-11

These data are characterized by pronounced changes. Readings at
Station I ranged from clear to 132 ppm at the surface and from clear to
198 ppm at a depth ol cight meters. A bottom reuding was not recorded
when the eight-mcter record of 132 ppm was made, but in other instances
of increased turbidity the value of the bottom readings exceeded those of
the surface and the eight-meter levels.

Turbidities were aue mainly to silt carried by run-ori water follow-
ing rains. Previous to the Uecember 19, 1940, readinzs, a rainy period
occurred w:ich increased the lake depth two and one~half feet and the tur-
bidity from less than 25 ppm at all levels to 35 ppm at the surface, 32
pur at the eight-meter level, and 55 vpm at the bottom.

Normally Oklahoma received its heaviest rainfall in the spring months.

This was the case in 1941 since, in the interval between May 9 and May 31



TABLE III

TEMPERATURE 19,9~50

Station I
Meters 0 5 6 7 8 9 10 11 11} 12 124
Merch 3 9.2 92 ’ 9.2
28 10,5 10.5 10.2
April 8 13 00 l2. 5 1z .4
22 17.0 13,2 13.0
May 20 21.0  21.0 20.0
June 10 27.0 23.0 21.0
25 27,0 25,0 24,40 23.0 23.0 21.5 20,5 20.2
July 8 28.2 27,5 26,2 26,2 24,0 22.5 21.2 21,0
21 28.5 28,0 2745 26,0 24,40 22,0 21.0 21,0
Aug, 2 27.5 27.0 27.0 26,5 247 22,0 21,0 19,0
16 28, 273 27.0 27,0 25,0 2.5 23.3 20.C
Sept. 3 25,0 24,0 22,2
20 22,5 22,0 2.0
Cet, 10 2.2 20.5 20,0
26 16.0 16,0 16.5
Nov., 14 13.2 13,2 13.2
28 10,7 10,7 11.2
Dee. 5 7.2 7.2 T2
30 545 5.5 5.5
Jan, 17 406 FAYA bed
30 3.5 3.5 ' 3.5
Feb. 16 5.6 506 506
25 7.5 TR 7.0

1T



T4BLE III (Continued)
TEMPERATURE 1949-50

Station 11 Statdon III
Meters Q 2 e & 0 2 5
March 3 9.2 9.2 9.2 9.2
28 10,5 10.5 10,5 10,5
April 8 1365 1205 13.0 1205
22 17.2 13.2 17.0 13,0
May 20 21.0 21.0 21.0 21.0
June 10 27,2 23.0 27.0 23.0
25 28,6 25.5 27,9 25.8
July 8 28,0 26,0 28,0 25,2
21 28,5 27.5 27.0 25,0
A\lg. 2 27:5 27.0 2705 26-5
16 28,2 27.0 28,0 27.0
Sept, 3 25.0 240 25,0 25,0
20 22,0 21,0 22,0 2,0
Oct, 10 21.2 20,5 21.2 21,0
26 16.0 16,0 16,0 16.0
NOV. 11& 13 ol 13 o2 13 02 13 l2
28 10.7 10,7 10,7 10,7
Dee. 5 7.0 7.0 7.0 7.0
30 S5e5 545 5¢5 55
Jan., 17 Leb heb 4.6 Lok
30 3.5 3.5 3.5 3.5
Feb, 16 506 5!6 506 5-6
25 7.5 - 7.6 T2




TABLE III (Continued)

TEMPERATURE 1949~50

Station IV
Meters 0 4 5 6 6k 7 7% 8
M&I‘Ch 3 9-2 : 902
28 10, 10,3
April 8 13,5 13.2
22 17.2 13.2 13,0
May 20 21,0 21,0 21,0
June 10 27.0 23.0 23,0
25 28,3 27.2 26,6 2h o2 22.7
July 8 28.0 27.7 26,2 24,0 22,5
21 28,5 28,0 7.5 25,0 24,0
Aug, 2 28,0 27,0 270 26,5 25.0
16 28,0 27.0 2442 24 4R 24,0 24,0
Sept, 3 25.0 24,42 21,0
20 22.3 2.0 20,5
Oct. 10 2,2 21,2 21.0
26 16.0 16,0 16,2
Nov. 14 13,2 13.2
28 10.7 1.0
Dec. 5 701 7.0
30 545 5.4
Jan. 17 4.6 406
30 3.5 3.5
Feb. 16 5.6 5.6

25 745 7.2

€T
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the water level of the lake rose five feet and seven inches. This rise
represents the greatest amount of run-off water received in a like period
during the 1940~-L1 investigations. Turbicities rose iIrom less than 25
ppm at all levels on May 9 to 132 ppm at the surface anu 198 ppm at the
eight-meter level on May 31.

Turbidities nearly as great in nagnitude as those of May 31 were
found at eight meters (99 ppm) and the bottom (143 ppm) on September 2C.
Low surface turbidity (less than 25 prm) at this time indicated that either

he run-0ff water was colder than the surface water, thus formins a den~
sity current begimming somevhere betlween the gurface and vight meters, or
decomposition of the organie material in the run-ofi water neutralized the
negatively charged clay/particles near the surface causing thoem to flocu~
late. The latter seeés more logiecal in view of data on increaseu iree car-
bon dioxide and hydrogen~ions, and aecreased methyl orapge alkalinity and
dissolved oxygen content. If this were the case the greater turbluity at
tne bottom was probably due to concentration of silt particles as they
settled. The inilux of this run-off water was not enough to upset themmal
and chemical stratification.

Turbidities at other stations (Table II) varied sliphtly from those
found at Station I. Shallowmess and proximity to shore combined with wind
action probably account for these difterences.

19L9~50

Turbidity data are presented for Station I only, since the reading
at all stations were similar. Variations undoubtedly oecurred due to run-
off water, but were not found because oi tie sampling schedule which did

not always allow observations to be made immediately following rains.
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¥hen the study began (¥arch 3, 1949) turbidities at all lcvels were
10 prm. These gradually increased to 53 ppm on April 22 at all levels.
Readirss made on May 20 showed a decrease at the surface to 38 ppm. The
reading at five meters had increased to 3L ppm and at the bottom to 9l
pom. Turbiditics at the surface, five meters, amnd bottom were nearly
equal on June 10 being 37 to Ll prm. By late June readings were identical
at all levels and continued so throughout the remainder oi the investiga-
tion. Turbidity was less than 25 pmm on June 25 and rexained so until
July 21 when it was LQ ppm. Turbidity increased to 58 ppm on August 16
and then a grauual decrease occurred to less than 25 ppm on Decenmber 30

where it remazined throughout the remainder of the investigation.
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st CHEMICAL FLATURES

Dissolved OUxygen
1940~U1

Surface dirterences of dissolved oxygen content (Tables II and IV)
varied from 12.9 ppm on January 31, 1941, to 3.2 ppm on September 20, 19.l.
Bottom readings showed a maximum of 12.L in December 1940, and a minimum
of 0.0 ppm which existed from May 31 through September 20, 1J4l.

Variations from top to bottom were quite constant during the vinter
circulation period which existed from November through March. The greate
est variation found in any one series was 0.5 ﬁpm.

Oxvgen denletion had begun when the April readings were made., At
this time the surface waters held 9.8 ppm, those of thc cight-meter level
8. pom, and the bottom waters 8.3 pmm. One month later surface and eig-t~
meter level readinrs were 7.7 pom and 3.6 prm reswectively. There was no
record o a bottom reading. Dissolved oxygen content at the surface re-
mained high and fairly uniform from May until September 20 when it fell to
3.2 ppme Conversely, acwever, values at the eight-meter level and bottom
continued to decrease until absemt or a fraction oif one part per million
remained.

Readings at the surface, excluding the reading of September 20, show
that aissolved oxygen concentrations at all tisws were pear saturation.
Chandler (1940) in his study of western Lake Erie found that suduen in-
creases and decreases of uigsolved oxygen content secmed relatea to the
abundance of organic material, either plankton or detritus, present. This

appears to be the reason for the low amount present September 20 when the
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data on turbiditv and rainfall are considered.
19L9~50

Dissolved oxygen (Table V) at the surface showed a variation during
the study of 5.3 pm at Station I, 5.6 ppm at Station II, 5.5 ppm at Sta~
tion III, and 5.9 ppm at Station IV.

The maximum surface content recorded was 11.6 ppm. This determina~
tion was made on Karch 3, 1949, at Station I. Keadings at the same tine
for Station II, III and IV were 11.2 pom, 11.3 ppm, and 11.5 pmm respec-
tively. These ditfferences are characteristic of those found throughout
the insuing year.

Minimum bottom rcadings at Stations I and IV were 0.0 ppm, which in
both cases occurred fugust 16, 19193 at Station II 0.3 ppm on July 21,
19L9; and at Station III 3.2 ppm on July 3, 19L9.

Oxygen depletion at levels lower than five meters had become apparent
by June 25, 19L9, at Station I and to a lesser degree at Station IV. On
this date no marked change was noted at Station II. The determination at
Station III on the same date was 3.L ppm only .2 ppm above its lowest
reéding of 3.2 ppm.

Ueterminations made on September 3, 19L9, showed that turnover had
been in progress laong enough to nearly equalize oxygen concentrations at

all levcls.
Hydrogen-ion Concentration

15L0-43
Tables II and VI show pH variations for this period. Hheadings at the
surface varied from 7.6 on May 31 and September 20, 19L1, to 8.3 on August

29. Eight-meter and bottom variations <¢losely coincided with those of the



IISSOLVED OXYGEN EXPRESSED AS PPM_1949-50

TABLE V

Statdon I

Metars 0 5 6 7 8 9 10 11 P 12 12
Hareh 3 11,6 11,2 1.0

28 11,1 1,1 10,8
igri1 8 T 8.5

2 9,0 8.5 8.3
May 20 10,0 7.7 7.7

25 6,2 5.9 3.3 242 1.9 0.7 0.7 0.5
July 8 6,0 561 1.4 0,5 0,3 0.1 0.l 0,1

21 7o 449 3.8 1,9 1.9 1.1 0.6 0.5 0.0
Aug. 2 6,5 5.2 3.2 1.4 1.2 0,2

16 5.8 49 1,7 0.6
Sept. 3 549 548 5.8
Octo 10 6;8 6.5 6.1

26 7,6 7.5 605
NOV‘. 14 8¢8 8.5 8.3

28 8,2 8,1 7.6
Dec, 5 Ge3 9.1 9.0

30 10,5 10.3 945
Jan, 17 1.2 11,0 10,6

30 10,6 10,4 9.9
Feb, 16 9.8 9.5 9ok

25 9.9 9ed 9.2




TABLE V (Contimed)

ﬁISSOLVED OHEEN EXPRESSED AS PPM 1949-»50

Station Statdon
Meters ) 5 5% 6 6 0 5 5k 6 &
Mexrech 3 1.2 n,o 1n,.3 1n,.2
28 11,4 1, 1.1 11,1
Am 8 10,2 7.9 903 9.0
2 845 8,0 8.4 8,1
May 20 10.6 7;6 10&6 7.0
June 10 8,1 6,0 5,8 5,8 5,8
25 6,0 549 5.9 5.7 3k
July 8 6.0 5.0 5.9 3.2
21 7.5 540 1,2 0.3 7.5 5.0
Aug, 2 75 4.8 64h . 4ol
16 5.8 547 3.8 55 -
Sept. 3 5.8 5.8 5.7
20 6,5 6e2 6.0 6.0
26 7.2 6,9 Te3 6.9
Rov, 14 8.7 8.5 8,7 8,5
28 apl 8)1 8.2 8.1
Dec, 5 9.1 9.1 9,1 9.1
30 10,1 10,2 10,6 10,5
Jen, 17 11,0 10,8 11,0 10,8
30 10,6 10,2 11,0 10.4
FEbo 16 9.5 9.5 9.5 905
25 9.6 9.3 9.6 Vede




TABLE V (Continued)
DISSOLVED om EXPRESSED AS PPM _1949-50

Station IV
Meters 0 5 6 6k 7 % 8
Mareh 3 11,58 1,0
28 1,0 10,9
April 8 9.9 9.0
22 8.2 8,0
May 20 10,0 6.1
June 10 7.8 5.8
%5 1Y 505 b 2.2 0.8
July 8 6.6 5.2 1.2 Ok 0.3
24 745 5,0 1,2 Ovb 0,3
Ang' 2 6n6 5.0 1-3 0t9 OJ
16 5.6 bod 0,0 0.0
Sept, 3 5.8 546
20 6.7 5.9 6.0
Oet, 10 6.7 6,7
26 Tod 6.8
Nov. 14 8,7 8,5
28 8.0 7‘9
Deeu 5 9.2 900
3 10,4 949
Jan, 17 1.4 10.9
30 1.1 10,5
Yeb, 16 95 b

25 10,0 9.2
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surface. The ol reading at eight meters varied from 8.2 on October 2k,
190, to 7.1 (seven meters) on July 10, 19L1. Bottom readings varied
from 8.2 on October 2L, 15LD, to 7.2 on May 31 and September 20, 19L1.

The vertical »rofile of pH remained nearly constant tiroughout the
study except during stratification. The greatest vertical variation,
excluding the period of stratification, was O.l pH units which occurred
on May 31 and Septamber 20, 19L1.

The greatest change in pH noted occurred between August 29 and Sep—
tember 20, 1941, when the hydrogen-ion concentration increased at the
surface from a pl of 8.3 to 7.6. This apparently was due to decomposition
of organic detritus brought into the lake by run—off.)

19Lg-50

The surface range of pH variation, 3.7 to 8.l, during this period was
slightly less than that for 19LO-ll. Five-meter pH values ranged from 7.6
to 8.L and the bottom values from 7.2 to B.L. The greatest variations of
hydrogen—-ion content occurred during chemical and thermal stratification.
Throughout the remainder of the investigation the pH remained nearly con-
stant (Table VII).

The greatest variations in vertical profile were found at Stations I
and IV, with the differences at Station I slightly greater than those of
Station IV.

A single bottom reading (pH 7.9) on August 16, was the only reading
below a pH of B.O0 recorded for Station II. The minimum bottom reading

for Station III was 7.6 on July 8.



HYDROGEN-ION GONCENTRATION EXPRESSED AS E_ 194041

H

TABLE VI

————
-

Station X
Moters 0 5 7 8 103 11 12 124 134 Y
Oet, 24 8,2 8.2 8.2
Bov, 21 749 7.9 7.9
Des, 19 8,0 8.0 8.0
Jan, 9 8.0 8,0 8,0
31 709 7.9 709
May 31 7.6 Tk Py
July 10 8,2 Ta5 7e1
Aug, 29 8.3 746 (e (2
Sept, 20 7.6 74 T2




|

TABLE VII

HYDROGEN-ION CONCENTRATION EXPRESSED AS pH 194950
—m R S S e S Sl S =

i

i

Statdon 1
Meters 0 5 6 7 8 9 10 1 1 12 12}
M 3 8.0 3.0 800
28 840 SQO BOO
22 8,0 8.0 8.0
May 20 8,2 8.2 8.2
June 10 8,1 8,1 ) ) 7.9
25 8.0 8.0 7&8 716 7.6 706 7.4 7-2
July 8 8,2 8,0 7.6 7.6 746 7.6 746 ok
ﬂ 8.2 7.6 7.6 7;6 7.6 7;6 7.6 7.6
16 8,2 8,1 7.7 7.7 7.8
Sept, 3 8,0 8,0 8,0
20 8.0 8.0 8,0
Oot, 10 8.2 8,2 8,2
26 810 3.0 810
BOV. 14 8‘2 852 8'2
28 8,3 8,3 8,3
Dea, 5 844 Bv4 8ed
30 8a2 8,2 8,2
Jan, 17 8.2 8,2 8,2
30 8.2 8.2 8.2
Feb, 16 8.2 8.2 802
25 8&2 802

842




TABLE VII (Continued)
HYDROGEN.ION CONCENTRATION EXPRESSED AS pH 194950

Statd Station 111
Meters 0 5 5% 6 &k 0 5 6 &%
Mareh 3 8,0 8,0 8.0 8.0
28 8,0 8.0 8.0 8,0
Apl’ll 8 8.0 8.2 8.2
22 8,0 8,0 8,0 8.0
Mﬂy 20 8.2 8.2 8.2 892
Juns 10 8.1 8.1 8,1 8.1
25 8,2 8.2 1 4 8,2 B2 8,2
July 8 8.2 8.0 8,2 7.6
21 8&2 8’0 8’2 8.0
Aug. 2 8.4 Byé 8'4
16 8.2 749 8,2 7.8
Sept. 3 8,0 8,0 8.2 8,1
20 8,0 8,0 8,0 8,0
Oet, 10 8,2 8,2 ' 8.2 8.2
26 8.0 - 8;0 8'0 8.0
Nov, 14 8.2 8.2 8,2 8,2
28 8,3 8,3 8e3 8.3
Dee, 5 A 844 844 8.4
” 8.2 8‘2 8.2 802
Jan, 17 8.2 8,2 8,2 8,2
30 2,2 8,2 8,2 8,2
Feb, 16 8.2 8,2 8.2 8,2
25 8.2 8.2 8.2 8.

g2



TABLE VIXI (Contimued)

K!MN-ION CONCENTRATION EXPRESSED AS pH 194950

Station IV
Meters ) 5 6 6 7 Hr 8
28 8.0 8.0
April 8 8.2 8.2
22 8,0 8,0
May 20 8,2 8.2
June 10 8.1 8.1 8.1
25 8.2 8'2 7.8 7.6 766
July 8 844 8,2 7.6 7.6 7ub
A 8.2 8,0 8,0 TS 749
Aug, 2 8.4 8.4 8,3 8.2 7.8
16 8.4 7.8 7.7
Sept, 3 8,0 8,0 8,0
20 8.0 8.0 800
Oct, 10 8.2 8.2 8,2
26 SQO 8.0
NOV. M 8.2 8.2
28 8.3 8.3
mc. 15 8.4 8.4
30 3;2 802
Jan. 17 8.2 802
30 8,2 8.2
Feb, 16 8.2 8.2
25 8,2 8,2




Free Carbon Dioxide
19ho-11

Free carbon dioxide conditions are summerized in Tables II and VIII.
The year-round range, including all depths, was 0.0 to 7.0 pma. The maxi-
mum concentrations occurred in the period between May 31, and September 20,
19k1. Free CO, was present at all levels except the surface throughout
this period. Twice, July 10, and August 29, 1941, the sufface waters did
not contain free CO,.

Carbon dioxide was elther absent or its concentration was greatly re-
duced at all levels during the winter months.

| 1949-50

The occurrence of free carbon dioxide for Stations I and IV is given
in Table IX. No tables for Stations I and 1II1 are given since carbon
dioxide in the free state occurred at these locations only on August 16,
1949, at Station II. Concentrations at the surface and bottom were both
Ol pmm.

The interval from June 25 to August 16, 1949, marked the period of
free carbon dioxide occurrence at Station I. During this time concentra-
tions at the surface ranged from 0.0 to 1,6 ppm. The stratified area,
beginning at five meters, possessed 1.0 to 1L4.0 ppm throughout the same~
period. The greatest amount, 1.0 ppm, occurred at the five-meter level
on July 8, 1949. On the same date readings at 6, 7, 8, 9, 10, 11, and
11.5 meters were 12.0, 9.0, 8.0, 6.0, 1.0, 10.0, and 11,0 ppm, respectively.

Free carbon dicxide occurred in lesser amounts at Station IV than at
Station I during this same period (June 25 to August 16, 1949). The range
of variation was from 0.0 to 8.0 ppm. Free carbon dioxide was found in

the surface water once only — August 16, 1949. The amount prssent was
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TABLE 1IX .
FREE CARBON DIOXIDE EXPRESSED AS PPM 194950

Statlon I
Meters 0 5 6 7 8 9 10 11 1y 12 12%
March 3 0.0 0.0 0,0
28 0.0 0.0 0,0
April 8 0,0 0,0 0,0
22 0.0 Olo 000
Mey 20 040 0.0 0.0
m 10 0.0 0.0 i O.o
25 0,0 0,0 3,0 6.0 6,0 6,0 8.0 9,0
July 8 0,0 4.0 12,0 9,0 8,0 6.0 1.0 1,0
21 0’0 8.0 810 8.0 9&0 9.0 900 9!0
Aug, 2 0,0 5,0 5,0 6.0 6,0 6,0
16 1'6 5.0 7'0 7.0 7.2
Sept, 3 0,0 0,0 0,0
20 D.O 000 OOO
Oﬂt. 10 0,0 0.0 O-O
26 0;0 0.0 0.0
Nov., 14 0.0 0.0 0.0
28 0.0 0,0 0.0
Dee, 5 a.0 0.0 C.0
30 0.0 Q.O 0!0
3&!1. 17 0.0 OQO OQO
30 0,0 0.0 0.0
Peb, 16 0.0 0,0 C.0

25 0,0 0,0 0.0




TABLE IX (Contimued)

FREE CARBON DIOXIDE EXPRESSED AS PPM 194950

il

e o

Station IV
Meters 0 5 6 6% 7 (3 8
March 3 0.0 0.0 0.0
28 0.0 0,0 0,0
22 0.0 0,0 0.0
Msy 20 0.0 0,0 0,0
June 10 0,0 0,0 0,0
25 0.0 0.0 3.0 6.0
July 8 0,0 0,0 440 4,0
21 0,0 0.0 0.0 8,0
Aug, 2 0,0 0,0 0,0 0,0 6,0
16 0.2 1.8 5.6
Sept. 3 090 0.0 000
20 0.0 0.0 0,0
Oct, 10 0,0 0.0 0.0
26 0’0 0.0 000
NON’. 14 000 0.0 OQD
28 0,0 0.0 0.0
Deec., 5 0,0 0,0 0.0
30 0.0 0.0 0,0
Jan, 17 0.0 0.0 0,0
30 0,0 0.0 0.0
Feb, 16 0.0 000 0,0
25 0,0 0.0 0.0




3

0.2 pm. The condition of greater concentration in the upper than in the
lower part of the themmocline did not oceur at this station as it did at

Station I.
Phenclphthalein Alkalinity

1940~
Phenolphthalein alkalinity values at all levels were nearly uniform
(Tables II and X). During more than half of this year of investigation
the water was characterized by the absence of bound carbon dioxide. Bound
carbon dioxide was found on the following dates: October 2L, 19lD, 1.0
ppn. at the surface, 1.5 ppm at eight meters, and 1.0 ppm at the bottom;
March 9, 1%h1, 3.0 ppm at the surface, 3.0 pmm at eight meters, and 0.0
ppm at the bottom; April 9, 19k1, 2.5 ppm at the surface, 3.0 ppm at eight
meters, and 0.0 ppm at the bottom; July 10, 1941, 5.0 ppm (the highest
recorded) at the surface, and 0.0 ppm at eight meters and the bottom;
August 29, 1941, 3.5 ppm at the surface, and 0.0 ppm at eight meters and
the botton.
19L9-50
Fhenolphthalein alkalinity was present for a longer vperiod in 19L9-
50 than in 1940-l1 (Table XI). With the exception of March, 1949, it was
abgent only during the summer montha. The range was from C.0 to 13.0 pmm
at the surface, 0.0 to 13.0 ppm at the five-meter level and the bottom.
The values were nearly constant at all stations and in vertical profile,

except during the period of stratification.



TABIE X

o MBALTNITY EXPRESSED AS PRM 194041

Meters ) 5 8 10% 1 12 12} 13 13% 14
Oet, 24 1,0 1.5 1.0
Nov, 21 0,0 0,0 0,0
Dee, 19 0,0 0,0 0.0
Jan, 9 0,0 0.0 0,0
31 0,0 0,0 0.0
March 9 3,0 3.0 0.0
April 9 2,5 3,0 3,0
May 31 0,0 0.0 0,0
July 10 5.0 0.0 0,0
Mg' 29 305 0.0 0.0
Sept, 20 0,0 0.0 0,0

(43



TABLE XX

Feb,
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5.0

Q.0
0.0

0.0

0,0
0.0
0.0
0.0

0.0
0,0
0.0

440

0,0

0.0

6;0
5.0
8,0

13
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FH.TH ALKALINIT! EXPRESSED IN PPM 1949=50

TABLE XI (Contimed)

Station IV

Meters 0 5 6 3 7 s 3 8
March 3 0,0 0.0

28 0.0 0,0
dpril 8 5.0 3.0

22 6Q° 5.0
May 20 740 4,0
June 10 0,0 0,0 0,0

25 5.0 3,0 0.0 0,0 0,0
July B8 0,0 0.0 0.0 0,0 0.0

’ 21- Oto 000 0.0 0'0 OQO

g, 2 6,0 5.0 40 0,0

16 0.0 0,0 0.0 0,0
Sept, 3 1.0 0,0 0,0

20 2,0 0.0 0.0
Oct, 10 540 440 4.0

26 5.0 3.0
Nov. 14 540 6.0

8 6.0 6.0
Dec. 5 4.0 4,0

30 5.0 L.D
Jang 17 6'0 500

30 8,0 7.0
Feb, 16 6.0 0.0 6.0

25 7.0 7.5

154
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~ Hethyl Orange Alkalinity

19L0~-11

Annual surface variation of half-bound carbon dioxide (Tables II and
VII) was 67.0 ppm; the greatest amount, 116.0 ppm being present on Noven—
ber 21, 1940 and the least amount, 79.0 ppm on May 31, 19Ll.

The annual fluctuation at eight meters was 60 ppm; the maximum con-
centration, 1LL.0 ppm occurring on October 2L, 1940, and the minimum,
8L4.0 ppm on May 31, 194L1.

The minimum bottom reading, 91.0 ppm, was obtained on Mgy 31, 19l1,
and the maximum, 159.5 ppu, on September 20, 1941, showing a variation of
68.5 ppm for the year.

Vertical differences were usually slight, two to seven parts per
nillion. Notable exceptions to this occurred on Mgy 31, and September 20,
1941. May 31 the methyl orange alkalinity at the surface was 79.0 ppm
and that at the bottom 91.0 pum. The September surface reading was 113.0
prm and the bottom reading 159.5 prm.

19L9-50

The annual methyl orange alkalinity values (Table XIII) were lower
and more constant during 1949-50 than in 19L0O-li1.

The minimum surface concentration was 93.0 ppm at Station IV on
June 25, 19L9. Surface values for Stations I, II, and III on the same
date were 117.0, 116.0, and 119.0 pmm respectively. The maximum surface
methyl orange alkalinity, 136.0 pm, was found at Stations IT and IV in
January, 1950, while readings at Stations I and III were one or two parts
per million lower. Values at the five-meter level closely approximated

those of the surface.
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Readings from samples taken at the bottom showed an anmual variation
of 69.0 ppm. The minimum, 70.0 ppm, occurred at Station IV on June 25,
1949, and the maximum, 139.0 pmm, from the same station on February 16,
1950/

Vertical concentrations on any given date generally had a difference
of less than 10 ppm. One ocutstanding exception to this being on August
16, 1949, at Station IV when the surface reading was 118.0 pmm and that
of the botiom 137.C ppm.



TABLE XITI
M0 ALKALINITY EXPRESSED AS PPM  1949-50

Station I

Motors 0 2 6 1z 3. 2 20 Y 1% 12 1%
Mareh 3  115,0 117.0 119,0

28 114,0 118,0 118.0
April 8 22,0 12,0 125.,0

22 123,00 122,0 125,0
May 20 129.0 126,0 136,0
June 10 103.0 117,0 115.,0

25 117,06  125,0 10,0 12,0  122,0 123,0 12,0 124,0
July 8 1150 10,0 17,0 123,0  123.0 122,0 122,0 124,0
2 14,0 13,0 17,0 123,0  122,0 1240 1240 126,0

Avg, 2 127,0 130,0 125,0 132,00 28,0 127,0

16 125,0 128,0 124,0  126,0 135.0
Sept, 3  123,0  126,0 128,0

20 128,0 132,0 133,0

26 128,0  126,0 ~130,0
Nov, 14 12440 130,0 131,06 13,0

28  128,0 128.0 132,0
Dee, 5 27,0 128,0 130,0

3 12,0 128,0 129,0
Jan, 17  131,0 132,0 134,0

30 135.0 134.0 133.0
Fob, 16  134,0 135.0 137,0

25 130.0  132,0 | 132,0




TABLE XIII (Contimued)
MO Axxmm EXPRESSED AS PPM 1949-50

Station II Statdon 1T
Metors 0 5 6 &k 0 5 6
March "3 118,0 120,0 114,0 118,0
28 14,0 119,0 ' 116,0 117,0
22 125;9 126,0 126,0 127,0
ml 20 13000 127.0 ) 129@0 130;0
Junse 10 101,0 115,0 108,0 10%,.0 116.,0 118,0
25 116,0 125.0 125,0 119,0 124.0 126,0
- July 8 115.9 118,0 116,0 119,0 119,0
Aug, 2 127,06 128,0 129,0 125,0 131,0 1310
16 116,0 122,0 120,0 122,0
Sept, 3 123,0 125,0 127,0 127.0
20 133.0 132,0 120,0 124.0
Oot, 10 125,0 125,0 131.0 129,0 13,0
26 128,0 17,0  129.0 127,0 129,0
Bov, 14 130,40 171,0 130,0 134,0
28 128,0 130,0 28,0 128,0
Dec, 5 125,0 129,0 msﬁe 13,0
30 126,0 128,0 125.,0 130.0
30 136,0 132,0 134,0 132.0
Feb, 16 135,0 131,0 132,0 136,0
25 24,0 134.0 129.0 132,0




TABLE XIII (Continued)

MO ALKALINITY EXPRESSED IN PPM 1949-50

Station IV

Meters 0 5 6 6 7 1 8
March 3 115,0 117.0

28 115,0 119.0
April 8 112,0 1160

2 123,0 124,0
Moy 20 129,0 129.0 |
June 10 108,0 136,0 110,0

25 93.0 86,0 73.0 73,0 70.0
July 8 116,0 116,0 118,0 124.0 123,0

2 115,0 1.0 117.0 118,0 124,0
Ang, 2 126,0 132,0 132,0 31,0 129.0

16 18,0 12,0 137,0
Sept, 3 128,0 129,0

20 2,0 122,0 124,0

26 129,0 128.0 130,0
Nov, 14 127,0 130.0

28 129,0 130,0
Dec, 5 127.0 129,0

30 126,0 127.0
Jan, 17 128.0 136.0

30 136.0 133.0
Feb, 16 136,0 139,0

25 134.0 136.0




PLANKTON

Phytoplankton
19h0-1a
General features of seasonal distribution and relative abundance of
genera are shown in Table XIV. These data were derived from collections
at Station I1.
The following list shows the classes and genera oi phytoplankton

found during a qualitative study.

Bacillarieae Chlorophyceae
Fragillaria Closterium
Gyrosigma Cogmarium
delosira Pandorina
Synedra Pediastrug

Scenedesgug

Chrysophyceae Stauragtrum
Mallomonas Ulothrix

Dinophyceae Kyxophycsae
Ceragtium Ansbaeng

Aphanotheca
Coeloapharium
Microcystis
Oscillatoria

Five classes and oighteen genera were jdentified. Some of the forms
occurred too infrequently to influence total counts. The discussion
following presents information concerning relative abundance, seasonal,
and vertical distribution of the classes and the dominant forms of each

class.

I

BACILLARIEAE. Representatives of both orders were presant.

Melosira. Collectively the whole Pemnales group found were not
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TABIE XIV

Surface
Ok, Nov., Dee, Jan, Jam, Mareh April  May July .
_ 2 2 19 9 n 9 9 s "I W F
!gympbaruu 39800 mg 5500 . | _A 200 11700
Bagi 11ariens 900 600 700 ggg -7733 400 0 0
Rotifers 200 600 €00 700 200 3300
Cladocera 100 200 300
Totel 39800 98200 13800 7300 6000 4000 25800 1000 800 16100
Eight Meters

Myxophyseae 32800 99800 5200 4100 1200 5500
Chlorophyceae 500 600 400 6000 18800 200
Chrysoptgesse oo % & 129 300 pro;
Dinophycess
Protoson 500 100 300 200 300 100 400
Rotifera 100 500 200 1200 2400 400 200
Gladocera 400 100 400 300
Copepoda 100 100
Total 3,000 20800 2300 6300 8700 24800 900 200 6700




g

oL
0
BISHOPNTY
BIOTTIOU
BOROROXY

esenlijdoaliny
cs.vﬂgn

00E¢  000BOT

83 88|

§888 §

008y

gr| 88
g 8 &8 B8 8§

¢

§n§§§ 888 8

007
oo¥
Q0L
008E
13

ﬁgﬁ

6 6

Tedy  yoawy | cwup ‘ump ‘oeq *100

ﬁ

T7~076T WILT] Wad SHAGWON KL SINN0D NOIINVId
(ponupymod) ALY HIEVI



hé

There seems to be only a slight correlation between occurrance of
Chlorophyceae and depth of water. Considering the study as a whole, the
counts showed a slightly larger nmumber of organisms in the surface samples,
but counts from the bottom more often contain sufficient numbers of this
group to influence the total count.

Closterium. This genus ranked second in number of times present as
well as in total organisms per liter, and it appeared more consistantly
during the interval between November 19L0 ani April 1941 than at any other
like intérval during the study. The maximum peak noted, 1000 cells per
liter, occurred on April 9, 1911, from a sample taken at tae surface.
Counts at other times were usually about 200 cells per liter.

Cosmarium. This form did not occur in numbers sufiiecient to be in-
cluded in any oi ihe counts.

Pandorina. A sample from the eight-meter level on March 21, 19l1,
yielded a count of 1070 colonies per liter. This was the only time this
genus was encounlered.

Pediagtrum. This genus ranked third in occwurrance and in numbers
per liter. It was found throughout the year in the qualitetive surveys
of the plankton, but it rarely contributed to the total count. The maxi-
mm concentration found, 600 per liter, was from the bottom on August 8,
wla.

Sgenedegmus. This form was found once only, November 19L1l. It was
not prevelant cnough to influence the total plankton count.

Stauragstrum. Staurastrum was quantitatively and séasonally the most
important gemus of the green algae. It was present in all collections
and greatly infiuenced Chlorophyceae counts throughout the study. With
the exception of August 8, 19L1, bottom sample mentioned in connection

with Pediastrum, it was the dominant green algae genus in all the



L5

quapiitatively eyual to Melosirg whose maximum abundance wasg 1100 organ-
isms per liter,

Fragillaria, with a maximum count of 800 organisms per liter, ranked
secorxi to Helogira m gquantitative numbers.

Gryrosigma ranked third with a maximum peak of 300 organisms per
liter.

Synedra was relatively rare.

The diatoms were not an outstanding constituent of the plytoplankton
found in 19l0-L1.

Sarface counts usually showed a greater mumber of diatoms per liter
than did the other levels. One outstanding exception to this occurred on
September 20, 1941, when the surface count totaled 500 per liter, the
eight-meter level 100 per liter, and the bottom 1LOD per liter.

Data are not available to allow a statement concerning the seasonal
maxima of the genera, bult the total diatom counts were greater from
November 21, 1940, to March 9, 19Ll. The previously mentioned count of

September 20 was the largest of the 19L0-l1 period.

CHLOROPHYCLAE. Sévan genera of this class were found in the 19L40-l1
study. This group haa the most genera but their maxima counts were not
as great as were those of the blue-greens.

Data on seasonal distribution of total Chlorophyeae show that this
group produced its peak on April 9, 1941. On this date the surface had
23,100 organisms per liter, and the bottom 22,200. They were not en-
countered when counting samples taken in October 19L0, ang May 31, 19l1,

however in the qualitative surveys, Staurastrum and Closterium were

usually found. On other dates the counts, except in the pulse previously

mentioned, ranged from 200 to 8500 organisms per liter.
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collections. Its maximum peaks for all levels appeared on April 9, 19L1.
The surface concentration was 22,L00, the eight meter 18,500, and the
bottom 21,90C organisms per liter.

Ulothrix. This genus was found only in the October 9, 1941, surface
sample. It was not present in quanities great enough to influence the
total Chlorophyceas count.

CHRYSOPHYCEAE. Mallamonas was the sole representative of this group.
It was generally present throughout the stuuy, although, as with the dia-
toms, at times in insufficient numbers to be inecluded in the counts. Its
maximum peak occurred on Jamary 9, 1941, when the surface count was L4100
per liter. The maximum at eight meters occurred on March 9 and May 9, 19L1,
when the counts were 1200 organisws per liter in each casc. The above is
also true of samples from the bottom except the number was 500 organisms

per liter.

DINOPHYCEAE. This group mumerieally unimportant, seldom influenced
quantitative surveys. The one genus, Cerativm, appeared in one count with

300 organisms per liter from the bottom on November 21, 1940.

MYXOPHYCEAE. This class was of numerical importance in October,
November, and December of 1940 and from August to September of 1941. At
these times it was responsible for the pulses shown in Table XIV.

Coelospharium was the only genus that occurred in sufficient mmbers
to influence the total count of blue-green algae. Data from tae October
2h, 1940, sa:ples showed 39,800 organisms per liter at the surface, 32,800
at eight meters, and 3,000 at the bottom. On November 21, 1940, the values
had risen to 97,000, 99,300, and 106,300 for surface, eight meters and the

bottom, respectively. These i‘igux:es represent the largest pulse noted in
the 19L0-l1 study.



19kL9-50

Total number of individuals and occurrence of the various classes
are shown in Table XV. These data were derived from collections>made at
Station I.

Two maxima occurred during the 19L9-50 study; one in August 1949,
and one, of longer duration, in November 1919, which extended into
February 1950. The August maximum was due t0 an increase of plankton in
the surface water only, while that of the winter period was due to organ-
isms found at all depths with their surface values generally lower than
those of the f{ive-meter level, and only slightly higher than those of the
bottom. Bottom counts were greater than those of the surface in two in-
stances and the February 16, 1950, sample with 8L0O organisms per liter
provided the largest count of the 19L9-50 study.

The classes and genera founu during 19L9-50 are given below.

Bacillarieae Chiorophyceae
Ghlamydomonas
Cymbella Clogterium
Gomphonema Coelastrum’
¥e Cosmariup
Bavicula Hydrodicton
Synedra Pedlagtrum
Spirotaepda
Dinophyceas Staurastrum
Gerativs Tetraspora
Glenedinivn
Peridinivm Hyxophyceae
Anabaena
Osedllatoria

There was little difference in the seasonal frequency, both were
present throughout the study, but in mumbers of organisms per liter the
diatoms exceeded the green algae.

The Myxophyceae were found at the surface on June 10 and August 16,

1949, at five meters on July 21 and September 20, 1949, and at the bottom

1
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TABLE XV
PLANKTON COUNTS IN NUMBERS PER LITER 1940=50

i

i

Surface

March March April April May June June July July Avg, Aug, Sept.

3 28 8 22 20 10 25 8 pral 2 14 3
Myxophyceae 100
Chlorephyceae 1200 1000 300 300 100 200 500 500
Baccillariese 1400 1300 2100 100 400 3700 4300 AB00 3000
Chryeophyceae
Dinophyceae
Protozoa 600 1100 100 100
Rotifera 200 200 ' 200 200 100 100 300
Cladocere 500 200 200 100 100 300
Copepode 100 200 4,00
Total 3300 3300 1300 500 2800 800 700 4400 4400 5000 4100

Surfece (Contimued)

Sept. Oct, Oct. Nov. Nov. Dec. Deec. Jan. Jan. Feb, Feb,

20 10 % 14 28 5 30 17 30 16 25
Myxophyceae
Chlorophyceae 200 200 100 900 300 1500 1700 1300 19500 1200
Baceillsrieas 200 400 400 1600 1400 no0 2000 1700 2600 1500
Chrysophyceas
Dinophyceas
Protogos
Roterifers 300 £00 &o0 700 400 300 -
Cledocera 200 100
Total 200 600 500 500 2800 2500 4600 4500 3700 4900 3000

6Y



TABLE XV (Contimued)
PLANKTON COUNTS IN NUMBERS PER LITER 1949-50

3 Meters

March March April Aprid }hy June June July July Aug, Aug., Sept.
3 28 8 22 10 25 8 a 2 16 3

~ Myxophycese 100

— Chlerophyceae 400 100 100 200 100 100 3600 100

— Baeillarieae 2300 1300 300 200 1400 100 200 2500 2200 1000 700
Chrysephyceae

Dinophyceae

Protezoe 300 100 100 100

Rotifera 400 300 400 100 100

Cladocersa 100 200 100

Copepoda 200 500 400 100

Total 3100 2100 1100 1100 1500 200 300 2700 4300 2300 1100 700

3 Meters (Contimued)

Sept., Oct. Oct, Nov. Nov. Dec. Deec, Jan, Jan, Feb. Feb.

20 10 % 1L 28 ] 30 17 30 14 25
¥yxophyceae 100
Chlorophyceae 200 300 . 500 200 800 2600 2800 1100 1000
Bacillariese 300 100 500 900 3900 4100 3200 2800 3600 2700
Chrysophyceae ' :
Dinenhyceae
Protogzos 200 800
Rotifara 100 800 1200 500 700 700
Cledocera 200 300 200 400 300
Copepoda 200

Total ‘ 400 400 700 700 1500 5100 6300 6300 6800 5400 4700
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7T, TABLE XV (Contirued)
I%&EKTOH COUNTS IR NUMBERS PER LITER 1949=50 '
Bottonm
,. March Merch April April My June June July July Aug, Aug. Sept.
- 3 28 8 2 20 10 25 8 Al 2 16 3
~ Myxophycene 100
~  Chlerophyceae 400 300 200 200
Bacillarieae 1300 700 600 500 2000 400 800 500 500 200
Chrysophyceae
Pinophyceae
Protosos 200 100
Rotifera 700 700 300 100 300 200 200
Cladoecersa 100
Copepdda 200 200
Total 21.00 2000 1200 900 2500 100 600 800 500 900 200 200
Bottom (Continued)

Sept. Oct, Oct, Nov. Nov,. Dec. Dec, Jan, Jen, Feb, Feb,

20 10 % 14 28 5 30 17 30 16 25
Myaophyceae
Chlerephyceae 100 300 200 1200 2400 1800
Bacillariens 300 300 100 1100 2900 900 1800 24,00 6100 3100
Chrysophyceae
Dinophyoceas
Protozos 300 200 100 200
Rotifera 100 500 600 400 300 200
Cledocera 100 100 200
Total 000 500 500 400 1300 3400 2000 2500 3900 8500 5300




on April 22, 1949. Total numbers counted for these dates did not exceed
100 per liter except when 600 were found on the surface on August 16,

1949. Anabaena alone occurred in countable numbers.

DINOPHYCEAE. Three genera were encountered in the qualitative sur-

veys but were not found in the quantitative counts.

BACILLAKIEAE. The Pennales group was represented by five genera but
only Synedra occurred in sufficient numbers to be counted and then not
exceeding 100 organisms per liter.

Melosir:n was the only Centrales genus encountered.

The diatoms were the outstanding group of the 1949-50 phytoplankton,

Helosira being the mumerically dominant genus. This genus was absent {rom
only a few collections. In nearly all instances it occurred in numbers

greater than any other.

The mumerical analyses ghow the five-meter and bottom values excesded
those of the surface about half of the time. The maximum count for the
year occurred at the bottom on February 16, 1950, with 6100 organisms per
liter. Surface and five-meter values on the same date were 2600 and 3600
organisms per liter.

The 1949-50 maxima of Melosira account for the August and Hovember -
February phytoplankton maxima previously mentioned. A general statement
only can be given concerning minima concentrations. Helosira was absent
from a few counts, but in qualitative surveys it was always present. It
appears from the data that summer ami fall are the times of lowest concen-

tration.

CHLOROFHYCEAE. Nine genera were found, the largest number for any

one phytoplankton class in the 1949-50 study.
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Closterium was the only genus that cceurred in numbers great enough
to influence the count. Quantitatively it was exceeded only by the dia-
toms, its maximum reaching 3600 organisms ver liter at five meters on
July 21, 1919. It was present in the gqualitative surveys of each concen-
trate although at times its numbers were not significant. The period
between April and November 1k, 1949, marked its lowest ebb at all levels
with the exception of the previously mentioned count of 360C organisus
found at five meters on July 21. At other times during this period sur-
face and five~meter levels did not exceed 500 organisms per liter. Winter
concentrations were greater, the winter maxima being 3100 organisms per
liter at the surface and 2800 at five meters. Green algae were absent
from counts made from bottom collections in the period between July and

October 10, 19L9.

Zooplankton
19L0-11
Data on the seasonzal distribution and relative abundance of genera
{Table XV) were derived from collections taken at Station I.
Listed below are the various groups and their genera found during

the 19L0-l1 period. All the genera listed except Chaoborus larvae were
present in sufficient numbers to be included in the counis at some time

throughout the studyy many were sporadic in occurrence and will be treated

as grouns rather than separate genera.

Protogoa Hotifera
Codonella Asplanchng
Eeratella
Copepoda Notholca
Crelops
Saptomug Pedalion
Na.u&i_i_ Pleosome
‘ Polyazthrs
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Cladocera Insects
Bogmina Chacborug
Ceriodaphnia
Dapbnia

Fifteen genera were found in the 19l0-L1 study execluding the con-

tracted rotifers and larval forms of the Copepods.

PROTOZOA. The genus Codonslla was the only protozoan found in the
concentrates. This form was present throughout the year at all levels,
but it cccurred in greater numbers and a greaster nmumber or times at the
eight-meter level,

The counts made from the surface concentrates show that Codonella
was present only on January 9 and 31, 1941, in quantities of 200 per liter.
It was present eighi times in the counts from the eigbt-meter level con-
centrates. The naximum mumbers per liter occurred in the fall of 19kD
and summer of 19l1. The greatest number counted (October 9, 19L0) was
500 per liter. Bottom occurrence and concentrations were similar to the

eight-meter level with the maximum being L0O per liter.

COPLPODA. The Copepoda, represented by two genera and nauplii,
occurred in the surface counts in greatest concentrations in the late
winter and early spring (Jamuary 31 to May 9, 19l1). The maximm number
per liter was LOO. They were absent {rom many of the counts.

Numbers f{rom the eight-meter level were sowewhat less than those
given for the surface. They were present in counts three times during
the study. These occurred during the late winter--early spring interval

previously mentioned. The maximum count at this level was 300 per liter

on May 9, 19l1.
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Copepods were most numerous in samples taken from the bottom, the
maximum count of 900 per liter on October 9, 19h0, being the greatest of
the study. The late winter —— early spring period represented the most

prolonged concentration of these nlankters in the bottom waters.

CLADOCERA. Cladocera were present in each conceniration throughout
the year, but in quantitative counts they were present only a few times
at any of the levels studied. o pulse of these plankters appeared; maxima
were 800 per liter at the surface and bottom and LOO at eight meters.

Usually the counts were 100 to 200 per liter.

ROTIFERA. This group was represented by the largest number of zoo-
plankton genera. Six genera were recognized. Some rotifers were con-
tracted beyond recognition by the formalin.

Rotifers were counted in the surface samples seven times, the eight-
meter samples seven times, and the bottom samples nine times.

Keratella and Polyarthra were the most numerous.

The greatest abundance of rotifers at eight-meters and the bottom
occurred during Hareh and May, 1941. The surface maximum was somewhat
later, occurring in August, 19L1. The maximm was 3300 per liter at the
surface, 200 at eight meters, and 1200 at the bottom. Throughout the
study surface concentrations were usually greatest and those of the bottom
least.

Chapborug. These larval foms were present in a greal many of the
samples, but none were encountered when counting.

1949-50
The seasonal distribution and relative abundance of genera found in

collections taken at Station I are showm in Table XV.
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The following list gives the various groups and their genera found
during the 1949-50 period. All the forms except Chaoborus larvae and
Vorticella were present in suffieient numbers to be included in the counts
at various times, but, as with the 19LO-L1 study, many were sporadic in

occurrence making it advantageous to discuss them as groups rather than

genera.

Protozoa Rotifera
Lodopella
Yorticella

Copepoda
Cyclops
Nauplli

Cladoecera

Twenty genera were found in the 19L49-50 study excluding tne con-

tracted rotifers and larval Gonepoda.

PROTOZOA. Yorticella and Codonella were the only Protozoa found in
the surveys of the plankton concentrate.

Vortigells was found once in these surveys. It was not present in
any of the counts.

Godonella was present throughout the year at all levels. Numbers
sufficient to influence the surface counts cccurred four times. These
larger populations were found in the peried from March 3 to June 25, 19L9.
A count of 600 per liter was found in the March 28 sample, 1100 (the
greatest number encountered at any level) on April 8, while the other

counts were 100 sach on June 10 and June 25.
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Codonella were present in the five-meter level counts six times.
Occurrence was similar to that of the surface except for the maximum of
800 per liter which occurred on January 30, 1950. Other counts were from
170 to 390 per liter.

Counts for the bottom samples were usually greater than for the

other levels although the maximum was not so pronocunced.

COPEPODA. Genera were the same as those of the 1910-hl study.
Copepoda were present at the surface in quantities great encugh to
count three times. These occurred in concentrates taken during the spring.
Four hundred per liter was the maximum in the surface samples. This count
was made on June 10, 1949. The other counts were 100 :nd 2. per liter.

Concentrations at {ive meters were somewhat greater than those at
the surface. The maximum number, 500 per liter, occcurred earlier in the
spring (April 22). The sumer maximmn was W00 per liter. Throughout the
remainder of the study the Copepoda were absent from counts.
"~ Copepoda were [ound in the bottom samples only iwiee in sufficient

mimbers to count. On May 20 and August 2, 1949, 200 per liter were found.

CLADOCERA. The surface concentrates provided numbers great enough
to count during spring and late suwmmer — early autumn. The maximum
number, 500 per liter, was irom the March 3, 19L9, concentrate.

Populations great enough to count occurred at five-meters at similar
periods as those given for the surface. The maximum count, 40O per liter,
was maae from the January 30, 1950, concentrate. The spring maxirum was
200 per liter and the summer — fall maximum was 300 per liter.

The Cladocera were not as abundant at the bottom as at other levels.

During the spring they were encountered once. At that time the number
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per liter was 100. They were present in three samples in October and
November, 1249. The maximum mmber per liter for this fall period was

200,

ROTIFFRA. Twelve genera of rotifera were found in the 19L9-50 study.
This comprised the largest number of genera of any zooplankter group en-—
countered. Some forms were contracted beyond recognition. The rotifers
occurred more frequently and more abundantly in the surface concentrates
taken during the winter months. (e maximum mumber at this level, 800 per
liten was collected on December 5, 19L9, and Jamuary 17, 1950. Other
samples taken during the winter period had 300, 00, and 700 per liter.
The maximum summer count of 200 was from the July 8, 19L9, concentrate.

In the winter five-meter and bottom counts differed from the surface
in size and time of peak occurrence with 1200 per liter at five meters
and 600 at the bottom on December 130, 19h9. It is of interest to note
that Rotifera were absent from the suxffﬁ‘,acé bn this date when maximum

occurrence appeared at five meters.

Centrifuged Flankton
19L0~11

Results obtained from centrifuged plankton concentrates are given in
Tables II and XVI as ml. per liter of lake water.

Three surfasce maxima were found during the study. The first, November
21, 1940, showed a volume of 0.0048 ml.j the second and third, April 9
and August 29, 19il, each a volume of 0.0053 ml.

The only notable peak found at the eight-meter level occurred on
April 9, 19l1 with a volume of 0.0066 ml. This was the second largest

volune found at any level.



TABLE XVI

CENTRIFUGED PLANYTON EXPRESSED AS CUBIC MILLILITERS PER LITER 1040w/

Station I
Oct, Nov, Dec. Jen, Jan. Yarch April Moy May Aug, Sept.
24 4 19 9 A 9 9 9 A 29 20
Surface 0035 ,0028 ,0020 .0032 0024 002 0053 ,0029 ,0037 0053 0017
g Meters L0040 ,0044 .0026 0037 .C000 L0g L0066 L0009 ,0029 .00a19 »,0019
Bottom 0500 ,0029 ,0035 ,0027 .0059 05,0048 L0007 .0000 0016 0012

69



Three maxima were noted in the botiom concentrates. The first in
October with a volume of 0.05 ml. This was the greatest volume recorded.
The second maximum recorded was 0.0059 ml. f£rom the sasple taken on
Jamary 31, 1941. The third peak, the msallest, was 0.00L8 ml. collected
April 9, 1941.

It can be noted from Table XVI that these maxima at the various levels
did not occur simltaneously even though their rise and decline are similar
and that minima volumes are associated with inereased turbidity.

When the volume of gentrifuged plankton, 0.05 ml., for October 2,
1940, and the quantitative count of the same sample with 900 copepoda per
liter are compared the profound effect of these gooplankters on volume
can be seen. Peaks of wolume and peaks of total mumbers of plankton do
not coineide in all cases, although, with rare exceptions, they do show
similar fluctuations.

1949-50

The eemtrifuged plankton volumes in the 19L9-50 study were not out-
standingly large and the congcentrate values were nearly equal (Table XVII)
thus presenting a somewhat undulating aspect. Centrifuge data agree more
closely with total quantitative eounts in 1949-50 than in 19LO-ll.

Volumes of cénirifuged plankton in 1949-50 were considerably less
than in 19l0-ll. The maxima at the surface and bottom were 0.0036 ml.
and at the five-meter level 0.003L ml. (Station I) and oceurred in the
spring of 19h9. HMinima volumes occurred during the summer and fall.
Plamkton volumes for all stations are quite similar.

Plapkton volume change as associated with turbidity fluctuation was
not so apparent as in 19h0-}1. Still, plankton volumes were greater in
early spring of 1949 and winter of 1949-50 when the turbidity was less.



TABLE XVII

CENTRIFUGED PLANKTON EXPRESSED AS CUBIC MILLILITERS PER LITER 1949~-50

Station 1
March March April April May June June July July Avug, Aug. Sept.
3 28 8 2 20 10 25 8 pal 2 16 3
Surface 0036 ,003, .06 ,0027 L0019 L0007 0008  ,0009 ,0009 0010 0012 0010
5 Meters 0030 ,00290 L0025 0025 006 0008 L0009 0018 ,0010 L0002 003 L0000
Bottom L0034 ,0039 ,0019 L0020 L0022 L0005 LS5  ,od7 0008 .0009 .0009 0007
S8ept., Oct, Oct, Nov. Nov, Dee, Dec, Jan, Jan, Feb, Feb,
20 10 26 14 28 5 30 17 30 16 25
Surface L0004 L0004 0005 0004 L0009 0016 0012 002 0009 LOm2 L0015
5 Meters .02 ,0008 ,0009 L0016 009 0009 L0025 .09 014 L5 .09
Bottom L0004, 0008 ,0008 0002 L023 0006 LO06 0020 ,0006 0026 0020
Station I
March March April April May June June July July Aug, Aug, Sept.
3 28 8 22 20 10 25 8 2 2 16 3
Surface .0034 L0026 ,0026 ,0020 L0045 0005 O3 ,0003 L0007 0008 L0008 ,0009
Bottom L0036 003, ,0025 0025 007  ,0007 LOds ,002, L0020 00 0030 ,0008

Sept., Oct, Oct. Hov, Nov, Dec, Dec. Jan, Jan, Feb, Feb,
20 10 26 14 28 5 30 17 30 16‘ 25

S‘rface 00004 .0007 .OOOA .mo3 .m .0019 .9011 ‘0010 * m . ms .0011
Bottom . 0005 ,0008 L0007 0005 L0017 O LOas 012 0019 .09 L0017




" TABLE XVIT (Continued)

CERTRIFUGED PLANKTON EXPRESSED AS CUBIC MILLILITERS PER LITER 1949-50

Statdon III
March March April April May | June June July July Aug. Aug, Sept.
3 28 8 22 20 10 25 8 1 2 16 3
Surface L0032 ,0030 ,0011 ,0025 06 0007 ,0007 0017 L0008 0008 L0006 ,0000
Bottom 0034 0032 0020 ,0019 LOms5 0004 L0011 003 L0021 L2 001 0011
Sept, Oct, Oct. Nov. Kov, Deec. Dec. Jan, Jan. Peb.  Feb,
20 10 26 14 28 ] 3 37 30 16 25
Surface .0005 ,0004 L0005 ,0005 L0009 0013 .03 .00 ,00QL L0049 Ol
Bottem 0005 013 L0009 L0007 L0002 0015 ,0016 0015 ,0002 0020 L0020
Stetion IV
March March April April Mey June June July July Aug, Aug. Sept,
3 28 8 22 20 10 25 8 2 2 16 3
Surface 0029 ,0020 0015 0007 .0020 ,0007 . 0M9 0011 ,0007 0007 L,0012 ,0Q1O
5 Metors L0007 .m .OCﬁ-B omb .0009 0005
Bottom 005 ,008 008 0007 L0025 00016 ,0011 .06 0005 L0010 001 L0009
Sept, Oct, Oct. Yov. Hov, Dec. Dec. Jan, Jan, Feb, Feb,
20 10 26 14 28 5 30 17 20 16 25
Surface 0003 L0009 L0004 .0005 0008 ,0009 L,O0C10 ,0011 ,O(d2 L0022 L0020
5 Meters 0006 ,0002
Bottom L0005 0004 0008 0006 Lmé 003 ,0tm3 0009 L0020 L7 0022
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DISCUSSION

Thermal data of 19L0-Ul and 1949-50 were similar and differences
found were in all probability due to climatie variations. The greatest
difference between the two years studied was the behavior of thermal
stratification. Stratification cecurred earlier in the spring of 1913
than it did in 19L49. The upper limits of the 1941 thermocline began at
eight meters, changed later to four meters, and still lgter descended to
ten meters. These differences were more than likely due to the relatively
small amount of water in the lske and high winds and rains in autumn.
The thermocline in the summer of 1949 remained constant at five meters
indicating that the influence of climatic factors had less effect on the
larger area of water present.

The winters included by the two investigations produced no ice cover
and e¢ireulation was continuous from early fall to early spring.

The lack of thermal stratification in the summer of 1949 at Stations
II and III whose depths were greater than the upper reaches of the thermo-
cline found at Stations I and IV was probably due to the obtuse V-ghaped
bottam, the relatively small amount of water below the [ive-meter level,
and the faoct thal these stations are in arms that lie paraliel to the
prevailing winds. It is hardly probable that shore line and bottom
contours could have produced depression individuality as deseribed by
welch (1935). |

Turbidity differences of 1940-ll and 1919-50 wers great. Those of
1940~ were characterized by great variations and eamparatively long
periods of clarity while those of 19L3-50 did not show great variations
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but remained more or less stable, lacking elarity most of the time, and
espeeially at the times ordinarily assigned as the periods of greatest
phytoplankton production.

It has been stated that cley (Welsh, 1935), and specifically
montmorillonite clay (Irwin, 1945), belong to a group of nonwsettling
turbidity producing agents. The turbidities found in Lake Carl Blackwell
are due to clay of the latter type. Irwin (19L5) stated further that
this non-settling clay can be floculated in impoundments by empleying
plant mzmures to inerease the hydrogen~ion caoncentration. The clarity
thus produced remains until water exchange in the basin orfand inflowing
md deereased the hydrogen-lon concentration by the buffer effect of
dispersed clay particles. This scems to have happened in Lake Carl
Blackwell. The vegetation inundated by impoundment, deeayed, released
hydrogen-ions and clarified the water, although turbidities following
rains were great in 1940~-ll. As the years passed, this floculating
ability was lost due to inflowing mud, and water exchange. The turbidi-
ties became more constant creating the eondition found in 19L9-50. “ The
possibility seems great that Loke Carl Blackwell will remain turbid
unless remedial measures are taken.

Turbidity and temperaturc readings are insuifiecient to prove the
presence or abgence of density currents.

The dissolved oxygen differences of the two periods studied were
regligable, oclimatie conditions belng the governing factor in the oxygen
values. Oxygen values of esasch investigation were nearly equal in verti-
cal profile except during stratification. Super-saturation of dissolved

oxygen was not found.
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Hydrogen~ion concentration differed considerable regardless of a
similar range during both years. Fluctuations of pH values in 19LO-k1
were more propounced than those of 1949-50. The fluctuations of pH from
surface to bottom in both investigations during the months of thermal
and chemical stratification was in keeping with what might be expected
in a stratified lake.

None of the readings in elther study indicated a condition of acidity
as the minimum pH recorded was 7.l.

The relationships between pH and carbon dioxide as well as the
fluctuations of carbon dioxide in its free, bound, and half-bound states
(Tables II, VI, VII, VIII, IX, X, XI, XII, and XIII) show a substantial
difference in the two studies.

At times thcse relationships resemble those found by other investi-
gators, but at other times there was no explainable reason for these
changes except as given by Stevenson (1950, unpublished doctoral thesias,
Oklahoma A. and M. Collegs) who stated that a rough correlation exists
between the oecurrence of carbon dioxide, either in the free state or as
bicarbonates, and the precipitation of colloidal clay, each of these |
being utilized in floculating the elay. If one examines the turbidity,
pH, and bicarbonate data of this paper this correlation ean be seen.
This is especially true in the case of 1949-50 data. Too, it should be
noted that bicarbonate concentrations were greater in 19L0-L1 when tur-
bidities were low, than in 19L9-50. This is true also in the data of
Harris and Silvey (19L0) although they did not mention it except in
comection with the density current found in Lake Bridgeport.

In the light of past research on the effects of silting and tur-
bidity on aquatic organisms (Chandler, 1937, 190, 1942a, 19k2b, 19hk;



Chandler and Weeks, 1945; Doan, 1941, 1942; Ellis, 19363 Harris and
Silvey, 1940; Irvin, 1945, 1948; Meyer and Heritage, 1941; Moore, 1937;
Welch, 19353 Whipple, et. al., 19273 and unpublished data from Cklahome
A. and M, College) it appears that clay turbidity rather than chermical
conditions as found in Lake Carl Blackwell are responsible for plankton
pauclty and succession., It seems doubtful that the turbidity producing
clay in lake Carl Blackwell would produce direct injury as noted by
Chandler (1937).

Flankton succession was from & more or less typical myxophycean-
chlorophycean phytoplankton population ir 1940-41 to one in 194S-50
characterized bty an almost complete absence of blue-greens, relatively
few greens, quantitatively, and dominated in mumbers by a diatom
(Melosira) population., The succession corresponded to that found by
Chandler (1942b) in Lake Erie vwhen its wvaters were turbid. The same
succession is suggested in Chandler's (1940) work as well as that of
Harris and Silvey (1940).

Myxophyccae pulses oecurred in the fall of 1940 and to a lesser ex—
tent in August of 1941, The blue-greens were not important constituents
of the plankton at other times of the year. The fall pulse approximated
100,000 organlisme per liter at all levels. Coelogcphaerium wes the domi-
nant orgenism in numbers. The August pulse was smaell in ecomparison to
that of the preceding fell, being only 11,700 orgenisms per liter,
Whetler or not this concentration was the forerumner of s pulse comparable
with that of 1940 is not known due to the profound effect of physical-
cherical prenomena thot occurred between August 20 and September 20, 1941.

The Chlorophyceae were most abumdant during the spring months of
19/1. The greatest concentrations noted were from the April 9 collections.
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The surface count was the highest with 23,400 organisms per liter,
Staurastrum wes the mumeriecally dominant form throughout 1940-41.

Tre maxirum diatom ecount of 1940-41, €0C per liter, occurred in the
spring of 1¢41 just preceding the green algae pulse, At other times they
vere either absent or oceurred in very small numbers.

The phytoplankton population of 1949-50 showed marked differences
quantitatively frorm that of 1040-41. Maxima did not oceur at the seme
tire and were considerably less in mumbers then were those of 19.0-41.
Many investigators lave noted the inconsistancy of phytoplankiton pulse
apneerances and tho only significance thet can be attached to phyto-
plankton behavior in this study is that caused by the clay turbidity of
the water.

Phytoplantton maxima did not present outstending pesks as were
found in 1°40-41, but vere of an undulating nature in 1949-50,

Two noteable peaks occurred in August, 1949, and winter, 1949-50,
They were smell numerieally vhen compared to those of 1940-41, The
August pulse wes aprerently minimized and later decrecaced becsuse of high
turbidity, es September 3 concentrates ylelded very low counts. The
wirter pesk coincided with tuwrbidity decline,

Charactoristice myxophyceae peeks did not eppear in this yesr of
study, in fact, the blue~greens were unimportant in 1949-50. The mumer-
1cally dominant phytorlankter was the diatom Melogira. This genus
occourred throughout the study and at times of increased twrbidity was
the main constituent of the plarkton.

Closterium wvas the only green algaipresent in quantities in 1940-
50. 1Its maximm concentratlon wvae found at five mcters on July 4, 1949,
but in other samples taken during spring and summer it was secarce. The



wvinter concentrations which begen in Novermber vere much greater than
those of spring and summer,

Mallomonas which occurred often in counteble numbers in 1940-41 was
not found in 194%=50.

The mmber of samples taken and the relative scareity of the zoo-
plankters sllov little more than generalities coneerming seasonal dis-
tribution in both 1940-41 and 1949-50,

The Rotifera in the two years stuiled were the mumericelly dominent
gooplanktars. Concentrations weare greater in 1940-41, the maximm mumber
per liter being 3300, This mexirmum was found in the surface water. The
maximm in 194950, from the five-moter level, was 1200 per liter, It is
noteworthy of attention that these plankters reached thelr maximm, or were
present in greater numbers, et times that coineided with phyteplankton
inerease, Concentrations of rotifers in 1940-41 were greatest during
spring and summer and during the vinter momths of 1949=-50,

The only notable difference in oceurrence of Protozee in 1940~41 and

1949-50 was the greater surface concentrations of Codonella in 194950,

Aol Sulinartic il

This was the only protozoen found in 1940-4{1. In 1949-50, two, Codonelis
and Verticella, were present.

Cladocera vere more sbundant amd occurred more frequently during the
spring and sutumn months of both yeers studied., Eight-meter concentra~
tions of these plankters were the greatest in 1940~4l, but they were
found more often st the surface in 19/9-50. Regerdless of their seareity
it must be recognized that these zooplankters greatly influence plankten
volume because of thelr size.

The volumes obtained by centrifuging the plankton concentrates vere

considerably lerger for 1940-/1 than far 1949-50.



The trends shovn by wolumetric and total count date resemble each
other, but the seasonal peaks vary in time of occurrence in some cases.
The differences of peak occurrences were due to & greater mumber of large
planktere. The pulses of 1940=-/1 shown by the volumetric data are more
sharply delineated than those of 19/0-50 vhich 1s in keeping with the
total count data,

Both volumetric and totel count date show an inverse relation to
turbidiﬁy readings, indlcating that the zooplankters which greatly in-
fluence the centrifuged plankton volumes ere reduced by clay twrbidity,
There is need for more research concerning this relationship.

The main adventages of the volumetric method presented lie in the
relative short time required for analysis and the faet that the data ob-
tained are based on volume of plankton vresent rather than mumbers.

Many fisheries blologists have been prone to ignore plankton as an
index of productivity in waters with which they are concerned, This
attitude anpears to be due to an inability to visumlize the food walue
of large mumbers of small phytoplankters when they observe fish stomachs
f11led with zooplankters which appesr insignificant in counts.

Welch (1942) stated that in centrifuge data exurviae, wind-blown
material, dead orgonisms remairs, and =ilt present an incorrect measure
of the living plankton. This without doudbt is true, but comlieationa
arising because of sdjustments to compensate for orgenism size in mmer-
1eal counts also present imaccuracles,

The fact that organie detritus wvns not ceparated from the plankton
was recognized at the begimning of the study. However, this did not
couse mich concern as roct organic mterisl adds to the sum total of
productivity of a body of water.
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Suspended silt does present a matter of vital concern. Preliminary
. experirentatlon stowed that 1t could imfluence the total volume obtained
even though the amount present was not concentrated but consisted merely
of that in the weter collected wlth the concentrated plankton, Since the
susnended silt in Leke Carl Blackwell is of & colloidsl nnture and the
volume of the concentrate was reduced to 3 ml,, the amount centrifuged,
the silt remainirg in this concentrate did not influence the readings.

If cerc is rot exercised vhen collecting samples from the weter near the
bottom, or in ceses of sustension from turbulence, inorganic particles
too large to pasc through the bolting silk will be retained.

ILaeke Csrl Blackwell, typical of central Cklahoma impoundments, both
large and emsll, hes changed only slightly physically and chemieally
during the nine-year interval betueen the two investigations of this
study. The only notable difference has been the greater constancy of
clay turbidity and its direct effect on carbon dioxide in its varicus
forme.

Flankton crops have greatly decreamsed numerically end volumetrically.
The succession of phytoplenkton hus been from a myxophyceen-cherophycean
population to one of diatma.\ This distom population which has been
agsocioted vith intervels of ineressed turbidity in the studles of other
workers was yeer-long in 19/9-50, ‘Workers hawve shown that plankton have
been effected by greet increases in turbidity, but In this studr It ap-
peers eleo thrt ~rolonged turbiditler ™ = L ay, evon thourh not ex—

treme, hrve rn ~ven -ovs decided effect., -
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SUMMARY

Two one-year llmmological inmvestigations, separated by a nine-year
interval, on Leke Carl Blackwell, an impoundment in Payne County,
Oklehoma, are presented, The firct begen when productivity was

high; the second when productivity wes on the decline.

Physieele-cherdcal dete show that turbidity, pH, and earbonates have
Inereassed while bicarbonates have decresnsed. It is strongly sus-
vected that the negetively charged clay particles which cause the
turbidity in Leke Carl Blackwell behave as a buffer producing these

changes,

Turbidity or its conuse seems to be the limiting physical factor
influencing productivity of the water in lLeke Carl Blackwell.

Quantitstive surveys of the phyto-plankton revesled eighteen genera
present In 194041 and twenty in 1949=50,

Succession was shown to be from a myxophycean-chlorophycean phyto-
plankton populztion with cherecteristic behavior in 1940 to a
predominantly diatom population in 1949-50., The blue-greens had

almost disappeared in 1949-50,

The pkytoplankton, quantitatively, was greater in 1940-41 than in
1949-50.

Fifteen zooplankton genera vere found in 1040-41 and twenty in
1949~-50, the numerically dominent group being the Rotifera in both

studies,
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Zooplankton, quantitatively, was rore abundant in 1940-4{1 than in
1949~-50.

A volumetrie method of meesuring plankton was developed which was
successful in anelyzing the plankton in Lake Carl Blackwell and is

believed to be usable by fisheries biolegists.

Quantitative and voluretric anelyses do not agree in 211 respects,
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