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SoIl Turbidity, Ught Penetration and Plankton

Populations in Oklahoma Ponds and Lak.1

w. B. IBWIN*, Oklahoma State UDlvenlty

aDd

FRANCIS J. CLAFFEY, State UDivenlty CoUe~e

at Brockport, New York
The purpole of thla study was to compare Oklahoma ponds and lakes

with regard to the effects of 80U turbidity on productivity and to measure
penetration of various wave lengths ot the visible spectrum through
waters of different turbidities. The relationship between soil turbidity,
light penetration and plankton abundance was considered.

The study was started in July 1953 and concluded in OCtober 1954.
Twenty farm ponds (10 clear and 10 muddy) and 20 lakes (10 clear and
10 with muddy waters) were studied to determine similarity between
larger and smaller impoundments with regard to turbIdity and plankton
production.

Net plankton organ1mul were classified as either phyto- or zooplank­
ton. The term cocci was used tor all spherical torms, bacilli for all rod­
lhaped forms, and spirUla to include all spiral forms.

Turbidities recorded from farm ponds and lakes were placed in three
turbidity ranges: 1) <25 ppm, 2) 26-60 ppm and 3) 51-350 ppm. The
numbers of organ1mul were averaged and listed with the turbidity range
in which they were found.

Chandler (1H4); Chandler and Weeks (1945); Leonard (1950);
Prucott (1939); and Silvey and Harris (1947) reported that increased
eo11 turbidity tends to decrease phytoplankton production.

Irwin (1948); Ellls (1938); and Coker (19M) offered evidence that
IOU turbidities screen much of the light from natural water.

PoNDS AND LAKEs SnmIED

Twenty farm ponds ranging in surface area from 0.4 - 2.2 acres, and
20 lakes ranging from 9.0 - 43,500 acres were selected for study. The
areas were determined at spillway levels.

The 10 clear and 10 turbid farm ponds selected are located In Payne
County, Oklahoma. Pairs of contrasting clear and turbid ponds were
ee1ected on the bases of BimUarlties in surface area, watershed and local­
ity.

An extended drought brought water levels In all impoundments in
the region far below normal. The surface acreage at spillway level was
determtned for each of the farm ponds. In order to show pond shrinkage,
the area covered by water In November was measured In 8 of the ponds.
The IIhrlnkage was found to be about 50% of the area covered at spill­
way level.

The lakes studied (Table I) are located in the northem two-thirds of
Oklahoma. The laku were lI81ected on the bases of turbidity of the water
and avaUablllty to the public aDd to the investigator.
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TABLE t. THE 20 LAKES SELroI'ED.
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Turbid Water Lakes

Name ot Lake

Clear Water Lakes

canton

Fort Gibson

Grand

Hulah

Lower Spavinaw
Pawhuska
Ponca

sanborn

Shawnee
Tenklller

Boomer
Carl Blackwell

Claremore City
Cushing
Perry City
Heyburn

Liberty

Pawnee City
Tecumseh City
Yost

Location

North Canadian River
near Canton

Neosho River near
Fort GIbson

Neosho River near
Miami

Caney River near
Bartlesv1lle

Near Spavinaw
Near Pawhuska
Vicinity ot Ponca

City
Two miles north

ot Stillwater
Near Shawnee
On DUnois River

near Gore

North ot Stillwater
Stlllwater Creek west

ot Stillwater
Near Claremore
Near Cushing
Near Perry
On Polecat Creek near

sapulpa and Bristow
Three mUes east ot

Guthrie
Vicinity of Pawnee
Near Tecumseh
NortheastofStUlwater

Date No. of Acree
Constructed Impounded

1949 4.900

1951 19.000

1940 46.300

19M 3.200
1923 1.638
1937 95

19M 80lS

1946 9
1935 1.886

1952 12.t500

1925 215

1987 3.380
1922 470
1928 '"0
1987 400

19M 1.070

1946 201
1933 267
1929 127
1912 27

METHODS

Turbidities were measured in ppm with a Jacbon turbidimeter and
Visibility with a Secchi disk. using the standard method (Welch. 1948).
Transmission ot light through turbid water W8.8 measured by a Gaertner
spectrophotometer in the optics laboratory ot the PhYstcs Department ot
Oklahoma State University. Turbid waters were brought to the labora­
tory Where they were diluted With distilled water until the necessary tur­
bidities were obtained. Each sample was read for turbidity, diluted, and
re-read, because diluting the water with an equal volume of di8tJ1led water
did not reduce the ·orfgtnal turbidity exactly one-halt. The meaaure­
menta were recorded In percentage. of tran.emiJlston. Only the wave­
lengths within the viBlble spectra were measured. Four palrs of glu8
cells, 1, 2, 3 and 4 inche8 long, were made and used in the IJ)eCtrophoto­
meter to obtain percent of Ught transmi&tion through varioua turbtdlttea.
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Net plankton umples were collected 6 times, 6 stations each from
Wlage and Metzger Ponda and 1 station each from the other 18 farm
~, durin« a 6-month period atart1ng 16 Aprll and ending 10 October
19M. 8ampfes were taken from the surface waters and at each succeed­
IDg 6 tt of depth. Bottom samples were not taken In ponds that were
leu than 6 ft deep. Net plankton samples al80 were taken once from
each ot the 20 lakes at the surface and every 15 ft of BUCceedng depth,
between 10 Aprll and 1 Augu8t 19M. Since all collections were made
between 1:80 a.m. and 12 noon, samples could not bave been affected by
those zooplanktel'8 that d18play diurnal migrations.

The examination of plankton involved a differential count and a
volumetric measurement. Dltferentlal counu were made to detennine
the number of phytoplankters and zooplankters per Uter of water using
the standard method ot Welch (1948). Volumetric measurements were
eecured by ualng the method ot Leonard (1950).

Water samples for bacterial count. were collected 6 times at 5 sta­
tions each from Village and Metzger Ponda and 1 station from each of
the other 18 farm ponds from 16 Aprll to October 19M and from each ot
the 20 lakes between 10 April and 1 August 19M, when the net plankton
samples were collected. Water samples for bacterial counts were obtained
from the 30 Utel'8 of water which had been strained through a Wisconsin
plankton net in obtalnlng plankton samples. Water samples were placed
In glass vial8 and stoppered. The vials previously had been washed clean
with soap and water, and rinsed In bolling water. Bacterial counts were
made immediately, or the water samples were packed in ice, brought to
the laboratory and counted at once. A hemocytometer designed to count
red blood cella (Stitt, Clough and Clough, 1943) was used to count cocci,
bacilli, and spirilla. Since bacteria vary widely In their food, oxygen, pH,
and temperature requirements, It would bave been impossible to culture
all of the Indigenous bacteria of an Impoundment on a single medium
and at the same temperature. The plating method would at best be an
lnaccurate estimation of a bacterial popUlation, since theoretically each
colony In the plated medium would develop from a single bacterium. How­
ever, several bacteria may clump together to form a colony. The direct
counting method used was quick and gave a more accurate estimation
of bacterla1 numbe1'8, in agreement with Bere (1933). The sample was
agitated In the vial and In the pipette to Insure uniform dIstribution.
Counting the bacteria was done exacUy as red blood cells are counted
except that no dilution of the sample was made and bacteria were counted
over the entire red-blood-cell field (26 squares). For each sample, three
counts were made and averaged.

Since the counting tteld covered an area of 1 mml and a depth of 0.1
mm, the volume of water in the counting field was 0.1 nunl • The number
of bacteria per Ilter was then computed.

LlOBT PENi:l'BATlON IN Tuum WATaS

The percentagel of the wavelengths (4600 to 1000 A) of vlslble Ught
truuImltted. through 1 to 4 inch. of water ranging In turbidity between
2G and 8C5O ppm (the range for pond waters) as measured with a spectro­
photometer are shown in Table n. Readtnp of 0.0 percentage of Ught
tnnernJulon mean that the amount of light was 80 reduced that it was
DOt detectable by the human eye.

Red waveleqtJul (1000 A) had the greatest penetration. Transm1a­
IloD rapidly decreued as turbidity and depth increased. Water with a

acJl of 26 ppm permitted 24.9" of the orlgtnal Ught of 1000 A to
4 inch.. Water with a turbfcUty of 150 ppm permitted DO

t of any vIalble wave1eqth to pu8 through 3 inches.
8ecchl dIak readlDp in the clear ponds ranpd from 14 to 12 inches.

peeeun. In the turbid panda raDpi from 0.9 to u IDchea.



BIOLOGICAL SCIENCES 75

TABLE n. TIm PENE'l'BATlON OF VISIBLE LIGHT THROUGH VAlUOU8 TuItBI-
DITlES AND DEPI'HS, ExPllESSED IN PERcENT OJ' LIGHT '1"RANS-
MISSION.

\¥a.e- l-iAcb 2-lncb a-lncb 4-lnob tUJ'bld1t~

leqth (A) Cl... cell ..... cell ..... c.n .laa. cell ppm

4500 38.0 18.3 9.5 6.0 25
16.0 5.5 2.7 1.6 50
9.0 1.8 0.0 0.0 75
3.5 0.0 0.0 0.0 100
1.0 0.0 0.0 0.0 150
1.0 0.0 0.0 0.0 200
0.0 0.0 0.0 0.0 250
0.0 0.0 0.0 0.0 300
0.0 0.0 0.0 0.0 350

5000 41.3 19.0 13.2 8.6 26
19.0 8.4 4.1 2.0 50

9.5 2.2 1,5 0.0 76
6.0 0.8 0.0 0.0 100
2.3 0.3 0.0 0.0 150
1.7 0.0 0.0 0.0 200
1.0 0.0 0.0 0.0 250
0.8 0.0 0.0 0.0 300
0.0 0.0 0.0 0.0 350

45.5 21.0 15.4 11.5 26
21.0 11.0 5.6 2.6 50
11.0 2.8 1.8 0.3 75
7.0 1.3 0.5 0.0 100
3.4 0.8 0.0 0.0 150
2.5 G.4 0.0 0.0 200
0.0 0.0 0.0 0.0 250
0.0 G.O 0.0 0.0 300
0.0 0.0 0.0 0.0 350

6000 48.2 24.0 19.3 16.0 26
24.3 13.0 7.4 8.5 50
13.0 3.8 2.4 1.5 16
9.5 1.9 1.5 0.0 100
4.5 1.3 0.0 0.0 150
3.3 0.0 0.0 0.0 200
2.5 0.5 0.0 0.0 250
1.5 0.0 0.0 0.0 800
0.5 0.0 0.0 0.0 8ISO

53.6 26.8 22.0 20.0 25
27.8 15.1 9.8 5.0 50
15.5 5.5 8.2 1.9 75
11.0 2.7 2.3 Trace 100
5.7 1.7 0.0 0.0 150
4.1 1.5 0.0 0.0 200
3.8 1.3 0.0 0.0 250
1.9 0.0 0.0 0.0 800
0.7 0.0 0.0 0.0 850

1000 M.O 39.2 28.0 24.9 25
82.0 17.5 11.0 6.8 50
19.0 7.2 4.1 2.4 75
12.6 8.6 2.7 Trace 100

7.0 2.8 0.0 0.0 150
5.0 1.9 0.0 0.0 200
8.9 1.6 0.0 0.0 250
2.4 0.0 0.0 0.0 800
1.0 0.0 0.0 0.0 850
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FARM PoND STUDIES

VUJage Pond, conalstently clear, and Metzger Pond, always turbid,
were eelected for an Intensive stUdy concerning the effects of turbidity
on plankton production. F'lve stations In each of the above ponds were
located in shallow and maximum depths. The numbe~ of phytoplankters,
zooplankters, bacteria, and the volumes of net plankton In Village Pond
everywhere were greater than those in Metzger Pond (Tables m and IV).

The numbers of organlsms and the volumes of net plankton are
related to turbidities of pond waters at the surface for those ponds in
which both surface and bottom samples were taken and for the surface
waters of all 20 ponds (Table V). The numbers of plankters and bac­
teria and the volumes of net plankton were greater in range 1, markedly
smaller in range 2 and aWl smaller in range 3.

The numbers and volumes of plankters decreased between the sur­
face and bottom waters in clear and turbid ponds. The numbers of cocci
and baci1l1 were greater in the bottom than in the surface waters of clear
ponds but the reverse was found in turbid ones. The numbers of splrilla
were greater in the bottom than in the surface waters of both the clear
and turbid ponds.

LAKE STUDIES

Studies of the 20 lakes were conducted in a manner similar to that
used on ponds, with only one series of records for each lake. The dates
of data collection were rather widely separated because of the distance
involved and the time available for field work. At each lake Secchi disk
readings were taken and samples of water were collected for turbidity
determinations. The volumes of net plankton were measured and the
numbers of the several kinds of organisms, plankters and bacteria, were
counted.

Beech! disk readings, in inches, ranged from 16 to 96 for clear lakes
and from 2 to 9 tor turbid ones. The turbidity in all lakes ranged from
26 to 2M ppm.

The numbers of phyto- and zooplankters, for the most part, decreased
as turbidity increased. However, in bottom waters, zooplankters were
preaent in equal numbers in turbidity ranges 2 and 3 and net plankton
was present in greater volume in bottom waters of turbidity range 3 than
In 2 (Table VI).

The numbers of bacteria in the samples are somewhat co:lfuslng, but
were higher in clear than in turbid waters. In turbidity ranga 3 the num­
bers of bacteria exceeded those in range 2, except that cocci were present
in IlightIy lower numbers at the surface in range 3 than in 2 (Table VI).

Although the pattern of abundance and distribution of organ!sms in
the lakes was B1m11ar to that in ponds, the numbers of organisms per Uter
and volumes of net plankton in cc/Uter were generally greater in ponds
III all turbidity ranges.

DISCUSSION

Ana1yIda of the data presented shows certain speclftc conditions to
emt during the Urne the collections were made. The numbers of phyto­
plankten. JIOOplanktera, cocci, bacllll. splrUla, and the volumes of net
p1aDkton were greatest in waters with turbidities of 0-25 ppm. The
DUDlbera of all organiama were markedly smaller in the waters in the
turbidity ranee of 2G • GO ppm and Bt1U smaller in the turbidity range of
G1 • acso ppm. The peatest decUne fell between the tlrBt two rauges.
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TABLE m. COMPARATIVE AvmAGE NUMBERS OF ORGANISMS PER LITER (Nm'
PLANKTON VOLUMES IN CC/LITER AT 5 STATIONS EACH 01' A
CLEAR (VILLAGE) AND A TuRBID (METZGm) PoND. NUMBERS
OF BACTERIA IN MILLIONS.

Village Pond
16 April-10 Oct. 19M

«25 ppm)

Metzger Pond
26 Aprll-l0 Oct. 19M

(199.8 ppm)

Station 1
Surface aottom

Station 1
Surface BottomPlankton

Phytoplankton
Zooplankton
Net Plankton Volume
Cocci
Bacllll
Sp1rllla

41,500
6,600

0.0299
27
59

4

16,900
1,100

0.0108
39

167
15

1,400
200

0.0012
5

16
5

200
o
0.0008
2
9
9

Phytoplankton
Zooplankton
Net Plankton Volume
Cocci
Bacilli
Spir1lla

Phtyoplankton
Zooplankton
Net Plankton Volume
Cocci
Bacilli
SpirUla

Phytoplankton
Zooplankton
Net Plankton Volume
Cocci
Bacllll
Spirilla

Station 2
Surface Bottom

65,000
12,700

0.0475
32

248
19

Station 3
Surface Bottom

56,400
10,600

0.0386
57

309
22

Station 4
Surface Bottom

55,700
10,800

0.0U2
50

236
22

Station 5
Surface Bottom

Statton 2
Surface Bottom

1,700
300

0.0014
7

20
6

Station 8
Surface Bottom

2,000
300

0.0015
8

21
7

Station 4:
Surface Bottom

1,000
800

0.0016
5

18
9

Statton 5
Surface Bottom

Phytoplankton
ZOOplankton
Net Plankton Volmne
Cocd
Bacilll
Sp1rilla

40,300
7,100

0.0322
28
97

7

16,000
1,200

0.0112
42

128
18
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TABLE IV. COMPAllATIYB AVEIWJB NUMBEBS or ORGANIsMS Pm LnEa (NET
PLANKTON VOLUMFB IN cc/LITEB) noM 6 SURI'ACE SAMPLES
EACH IN A Ct&Aa (VILLAGE) AND A TURBm (:MEnGEa) PoND.
NuIOEllS or BAC'I'EBIA IN K1LLIONB.

Plankton
Phytoplankton
ZOoplankton
Net Plankton Volume
Cocci
BactW
SplrWa

Village Pond
18 April-l0 OCt. 19M

«26 ppm)

Surface
61,900
9,500

0.0386
89

190
18

Ketqer Pond
28 April-l0 OCt. 19M

(199.8 ppm)

Surface
1,800

300
0.0015
6

20
7

The numbel'll of organ1Bm8 and the volumes of net plankton per liter
of water were generally greater for the farm ponds than for the lakes In
aU three turbidity ranges. In all waters, except Boomer Lake, the
plankton crop was smaller in the higher turbidities.

The numbers and volumes of plankters were consistently smaller In
the bottom than in the surface waters in clear and turbid lakes and
ponds. The numbers of cocci and bacllU were greater in the bottom than
in the surface waters of clear impoundments but the reverse was found
in turbid ones. Spirilla differed in distribution in the surface and bot­
tom waters in that their numbers were greater in the bottom than in the
surface waters of both clear and the turbid impoundments.

Turbidity caused by sUt must decrease the food production and affect
the general economy of an impoundment. It would thus seem that l1ght
18 a Umlttng factor for the productivity of both lakes and ponds. Chloro­
phyll-bearing organisms must have Ught to conduct photosynthesis. Non­
chlorophyll-bearing organisms are dependent to a large extent on the
chlorophyll-bearing ones (Welch, 1952). Without Ught, the chlorophyll­
bearing plankters are reduced In numbers. Light was able to penetrate
the waters with turbidities below 25 ppm to greater depths and thus could
permit the development of a photosynthetic zone which could encompass
most of the impoundment.

Village Pond, with an average turbidity of 25 ppm and with an aver­
age Secch1 cllsk reading of 31 inches, had a high plankton productivity.
It would seem that Ught was able to penetrate the water to the extent
that It was nearly optimum for plankton production. A photosynthetic
lIOJle in Wlage Pond could have extended from the surface into the bot..
tom waters. Metzger Pond, with an average turbidity of 199.8 ppm and
with an average Secch1 disk reading of 2.5 Inches, was low in plankton.
Ught. measured In the laboratory. did not penetrate 8 Inches of water
with a turbidity of 150 ppm. It would seem that the photosynthetic zone
would be restricted to a shallow layer at the surface and that Ught pene.­
tration was a llmltlng factor to productivity In Metzger Pond.

rort Glbeon Reeervolr, with a turbidity of 25 ppm and a Beechl d1ak
~ of U Inches, bad a large plankton crop. Heyburn Lake, with an
aver&p turbidity of 228 ppm and a 8ecchl dlak~ of 2.0 lnchee. had
a amau plaDkton crop.

Blrp and .Juday (1930) found that. of all raYB of the v18Ible spectrum,
reel had the cr-te8t penetration In ata1Ded waters and In waters with
~ matten. 8lm1J&r1y. we found that red penetrated deeper than
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TABLB VI. THz REl..ATlON 0,. ORGANISMS TO LAKE TURBIDITY RANGES IN
AVEltAGE NUMBERS PEa Lrrm (NET PLANKTON VOLUMES IN
CC/Ll'l'm). NUMBERS 0,. BACTERIA IN MILLIONS.

Water
Level

P1aDktoD Sampled 1)<25 ppm 2)25-50 ppm 3)51-255 ppm

PbytoplaDktoD Surface 14.900 3.200 2,200
Bottom 4,700 600 800

ZOOplankton Surface 1,t500 900 200
Bottom 800 100 100

Net Plankton Surface 0.0084 0.0024 0.0012
Bottom 0.0061 0.0011 0.0030

Cocci Surface 11 6 5
Bottom 23 5 11

BacUU Surface M 25 50
Bottom 118 15 106

Spirilla Surface 9 3 8
Bottom 18 5 15

the other rays in turbid waters. We agree with Irwin and Stevenson
(1951) that low turbidity, which allows light penetration, is essential for
the synthesis of organic matter within a body of water.

The populatioD8 of plankton seem to have been affected by turbidity
cauaed by soil particles In suspension in the water. The greatest effect
of turbidity seems to have been the reduction of light penetration.
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