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INTRODUCTION

The bottom fauna from Okdahoma has recieved limited attention (Burris,
1949, unpublished thesis) and the effect of turbidity on bottom organisms
is prectically unkmown. Thousands of ponds have been constructed in the
southwest during the last few years. A major portion of these ponds ave
exceedingly turbid. Since the animals frem the bottom play an important
role in the productivity of the pond (Welch, 1936), it is fmportant to dis-
cover the limiting effects that turbidity has upon the activities of these
animals. The limmologists agree on memy of the physical, chemical, and
biological effects that turbidity has on bodies of water, but there are
some aspects of the problem sbout which various workers have disagreed.

The temperature of water is affected by twrbidity. It has been con-
sidered that turbid water w:is warmer than clear water (ielch, 1935; lums,
1948). ¥allem (1952), after an intensive study of several ponds, has shown
that turbid ponds were often cooler than clear ponds,

lost authors agreed that turbidity interfered with the penetration of
light rays (Kl11is 1936, 1937, 194k; Corfitzen, 1939; Chandler, 1942). It
has been said that the rate of light absorption by any silt suspensions in
water increased as the wave length of light decreased (Corfitzen, 1939).
Hlis (1936) states that colloidal clays in water decreased the penctration
of light. A turbidity of 115 pom. in Leke Brie (Chandler, 1942) removed L0
per cent of the light in the first 10 cm. of water and 99 per cent was
absorbed at a depth of one meter.

Turbidity has some relationship to the range of pll of water. Clear
ponds in Oklshoma have a wide range of pl. Variations from 5.6 to 10.64
have been found (iallen, unpublished data). The ponds with turbidities due
to soil particles are less varied and pil readings of 7.6 to 8,6 represent



the recorded extremes for turbid waters in this area (Vallen, wpublished
data)e

It was generally stated that turbidity decreased the total plankton
population (Chandley, 1942; Doan, 1942; Berner, 1951). Zooplankters were
more abundant than phytoplankters in mddy water of the Eississippi River
(Berner, 1951). Increased turbidities resulted in a higher concentration of
zooplankton near the surface than at greater depths (Doan, 1942). Diatoms
camposed a greater percentage of the total phytoplankton when the average
turbidity exceeded 25 ppm. (Chandler, 194i2).

The relationships of natural turbidities to the production of fishes
are poorly understood. Smith (1939) indicated that young fishes may be
protected from predators by the turbidity of weter. Cordon Hall, Oklahoma
Geme and Fish Department Technician, has learned that chamnel catfishes do
not commonly reproduce in clear ponds in Oklahoma but do reproduce in other-
wise similar turbid ponds (liall, personal correspondence, 1952). Decreases
in turbidity were accompanied by increases in production of fishes in Eansas
except when turbidity was below 100 ppm. at which time there was no
relationship (Schneberger and Jewell, 1928). Doan (1542) in studies of the
abundance of fishes said that "Increased spring turbidities were associated
with lower Chio cateches in the same year, had no direct effect on the perch
fishing, but was followed by increased sauger catches three years later”,
The turbidities in the present study were due to suspensions of silt and
montmorillonite clay similar to those found nonpoisoncus to fishes at tur-
bidity concentrations of matural ponds (Wallen, 1951).

Eany workers have been aware of the importance of bottom fauna as a
source of fish food (Izmaak Walton, 1653; Forbes, 1888; Wagner, 1908). Neess
(1949) contended that under certain conditions the bottom fauna was a direct



source of food for fishes. The bottom organisms have been important in
food-habit studies of most fishes (Evermarn and Clark, 1920). Velch (1936)
states that bottom fauna is one of the most influential features in bio-
logical productivity.

The present discussion referes to a turbid pond 2s one with more than
25 ppm. of montmorillonite clay and silt suspensions and a clear pond is
one vhose water contains less than 25 ppm. of silt-clay suspensions.



METHODS AHD PROREDURE

The evaluation of the effect of turblidity on bottom fauna included two
main phases with studies of 18 different ponds. mmlllisaliat
of the ponds from which collections were made with the general features of
each, and their location from the intersection of Main and eElroy strects
in Stillwater, Oklahoma,

The first phase of the study consisted of weekly collections made
during the spring to discover the cyclic relationship of the organisms in
a clear pond versus the orgenisms of a twrbid pond. Two ponds, located two
miles apart and having comparsble morphological features, were selected for
this part of the study. BEach pond was about one acre in size, bad pasture
drainage, exhibited a similar type of md bottom, and contained an unmde-
termined population of fishes. One was a turbid pond (Pond Huwber 1,
Table I) which had been constructed for about fourteen years, Pond Number
1 had been turbid since the time of its construction. The primary factor
that contributed to its turbidity wes runoff-water containing montmorill-
onite clay from an adjoining unsurfaced farm road. The other was a clear
pond (Pond Mumber 2, Table I) of sbout the same age as the turbid one. The
main factors contributing to its lack of turbidity were 2 setiling basin
located in its drainage and an abundant growth of vegetation in the water.

The second phase of the study involved the sclection of seven addition-
al ¢lear ponds and nine other turbid ponds and the determinetion of the
sumer pepulation of bottom fauna in each. Single collections were made
from these ponds during the swmer. The ponds varied in size (0,1 acre to
1 scre) and location (within 12 miles of Stillwater) as well as in many
other morvhological features. The series represented typical faxm ponds of
Central Oklahoma and were investigated from the standpoint of total summer



W

e Y

5 *F £
A R AN A

oy

Thamihg A

o
S S}

i




populations of comparable bottom faunas.

The methods used in the experiment were those recommended Ly Velch
(1948). The bottom samples were taken with a Peterson dredge 100 square
inches in area. A sample consisted of three dredgefulls; one each from
depths of 10, 20, and 30 inches. All measurements of turbidity were made
with a Jackson turbidimeter. The collections were made while wading in the
shallow water, which usually limited the operations to an area near the
shore, Samples were taken from the same station whenever collections were
gathered more than once from the same pond., The date, time of day, location
of the pond, size of the pond, turbidity of the water, type of watershed,
and the site of collection were recorded at the time of each collection.

The three samples from each pond were emptied into a tub and screened
with a No. 30 mesh sieve having openings 0.0198 inch squere. The material
that remained in the sieve was deposited into half gallon jars and enough
water added to keep the orpanisms alive,

The containers were then taken to the laboratory and emptied into a
white porcelain pan, The contents of the pan were washed by agitating the
material with a stream of tap water. All water escaping from the pan was
again strained through 2 NHo. 30 mesh sieve to prevent the loss of any
organisms, Thorough washing of the samples was required to prevent the
remaining water from becoming muddy when the material was searched for

organisms,
The pan and its conients were then placed beneath a bright light. An
adjustable desk lamp was found to be ideal for this purpose. It was neces-

sary to leave some weter on the specimens to encourage them to move and be
selected, however, more thar the minimun amount to cover the material on
the botionm hindered visibility.



The writer found it easier to sort the organisms from the debris by
first clearing a small area at one end of the pan. A pair of forceps was
then used to spread each small bit of materisl across the previocusly
cleared srea, lanmy of the animals were not observed unless they moved,
thus every care was taken to sort the orgonisms from the debris while the
andmals were still alive. A small pipette wos used in capturing water-
unites end other tiny, active organisms. Some of the animels usually
escaped discovery during the first examination of the material. Fach col-
lection was carefully searched at least twice, as a precaution against
overlooking some of the animals. The debris was them discarded. All
organisms were preserved in 10 per cent formaldehyde for future identifi-
cation and study.

The next part of the procedure consisted of measuring the total volume
of organisms. The organisms and preservative were placed in a centrifuge
tube (graduated to O.1 ml.) and the volume, estimated to 0,05 ml., was
listed, The surplus liquid was then drained into a second tube and its
volume was determined. The second reading was subtracted from the first
and the results recorded as the total wvolume of the sample. The per cent
of the volume that each type of organism contributed te that collectior was
then computed.

The organisms were then identified. The identiflication keys used were
those of Ward and thipple (1918), Johanmsen (193h) (1935) (1937), Pratt
(1935), Jaques (1947, 1951), Chm (19L9), Needham and Needham (1951) and
Peterson (1951)s The writer is indebted to the following people for their
help in identification of the materdal: Dr. I. E, Wallen for the liclluska;
r. D. E, Howell for some of the insects; Mr. Bergstrom end Ir. litchell
for the water-mites; Dr. C. F. W. Iuesebeck and the following men of the



United States lational Musewa, Dr. Burks for identification of the immature

nayflies, Dr. Curney for the dragonfly nywmphs, Ir. Wirth and Dr. Stone for
the fmmature diptera.



PRESENTATION OF DATA

Fifty-five types of animals were collected from the 10 ponds visited
during the study. A list of organisms found in all ponds during the in~
vestigation and a comparison of the total mumbers from clear versus turbid
ponds is included as Table II. The more important taxoncuic groups are
considered in the following discussion in order to present specizl features
of the populations,

Oligochasta

(Qigochaetes were present in the clear pond throughout the spring.
These amnelids composed from 23 to 95 per cent (an average of 55 per cent)
of the totel voluse of organisms collected from Pond Mumber 2 (Table III).
Hearly 200 seguented worms were found in Glear Pond Buuber 2, while only
58 were teken from turbid Pond Mumber 1 during the same period of study.
Hais was the most abundant annelid in the clear pond, and the mumber found
wag in proportion to the asount of vegetation collected. lals is included
in a list of annelids that normally occupy vegetated habitats (Ward and
ihipvle, 1928). A fow Nais were alsc found in an additional clear pond
and one other {uxbid pond during the swumer.

Ophidonais were collected from most cleaxr ponds as well as from
several of the turbld ponds., Members of this gemus were very abundant in
one tarbid pond which had many sticks and leaves on the bottom. Ophidonais
were always more abundant in ponds containing a large mmount of orgenic
material on the bottom. The association is probably due to their utili-
zation of the plant material as food. Dudding adult Ophidonais and many
immature ones.were collecied during June which indicates that this is an
active period of reproduction.

Haidium was abundant in one clear and one turbid pond during the latter



TABLE II

A LIST OF ORCANISES FOUND IN ALL PONDS DURING THE STUDY GIVIRG A COMPARISON
OF THE TOTAL NMBIRS TROM CLEAR VERSUS TURBID FOHDS
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TABLE III

THE VOLUME OF ORGANISKS AND THE PERCENTAGES OF THE TOTAL VOLUKEE REPRESENTED
BY NAIDS OF HEXAGENIA AND ADULT ANNELIDS FROM CLEAR POND HUMBER 2

COLLECTT TURBIDITY TOTAL VOL. HEXAGENIA ANNELIDS
DATE Pom. 300 sq.in. % Vol. % Vol.
Peb. 21 25 1,05 m 0 21
28 ~25 3.85 >1 95
March 6 -25 1.30 >l 50
20 -25 3.25 0 83
27 =25 «55 0 Lo
April 2 -25 2.95 >1 65
17 =25 115 0 S5
27 25 2,10 >1 50
May 3 -25 +80 0 Lo
8 =25 «35 0 90
15 -25 kS 0 70
2l -25 .50 >1 ko
June 7 -25 «85 0 23
20 -25 _$58 0 50
Total 23.30
Average 1,66
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TABLE V

A CCHPARTSON OF THE POFULATION OF DIPTERA IN ALL CLEAR AND TURBID PONDS
VITH THE, WUEBZRS OF OTHER EAJOR CROUPS OF ORGANISES PRESENT AND FEE CENT
OF THE TOTAL POPULATION REPRESENTED BY ZACH CGROUP

Clear Ponds Turbid Ponds
Turbers 4 of Total Tubers 2 of Total
1515 27 1315 36

9 1 1369
3043 55 651 18
526 9 107 3
L2 ;. };% -
5565 100 ' 100
TABLE VI

A LIST OF THE WRBERS OF WATER-MITRS COLLECTED TROM ALL PONDS DURING THE
STUDY
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from the turbid pond.

Heumania was taken in sbout equal mmbers from both ponds. They were
more plentiful in the turbid pond during Tebruary and March and less
during February and March but were more sbundant in mid-April. FRoenikes
was taken regularly from the turbid pond until the last week in April,
after which time it was not found in any turbid pond. The gemus was absent
population increased rapidly to a pesk on April 17, then began declining

One specimen of lLimnesia was found in the turbid pond and k43 were
collected from the clear pond. Vater-mites of this genus were collected
quite consistently and showed a small increase in mubers in mid-fpril. A
few mesbers of the gems Piona were collected from the clear pond. Geayia
was the only gemus that was more sbundent in the turbid pond than in the
clear pond and the mubers here are so small as to not be cormclusive. OFf
the eight specimens of this genus that were collected, seven were found in
the muddy pond. Two specimens of Albia were collected from the clear pond
and one was taken from the turbid pond. Only one specimen of Forelia was
collected and this one ceme from the clear Pond Humber 2.

Scattered collections of few individuals of seven of the genera were
collected during the summer, mostly from ¢lear ponds. The dates of the
popalation pesks were earlier in the year than those peaks memtioned by
workers farther north (Baker and Vharton, 1952). The difference in time
of veproductive activities is probably related to the earlier scasons of
this area.
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TAGLE VII

A CGRIPARISON OF THI NEDIRS OF ORCANISHS FOUND EEN COLLECTIONS WIRD TAKEN

With Vegetation Without Vegetation
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TADLE VIIX

A 1LIST OF THE VOLUNES AND CCHPARISON OF PERCENTACE COMPOSITIONS OF HEXAGENIA

1
kel
4

=
b
L]
-
o
bEL )

110 =l

>1

330
385
1350

La95
2,05

2.95

=}

a

&

>3

85

>1

17



b o
LREBR RN L A

NS i

eesinalit

3%
i

-
—_— e o Syt
ab (AR TN p44d Wi

-
593 e L
M,,v BASN

- S g oy
A Add BERE

f/v; % P.L\

T

et

Cr s

.
L A S TN e ey 5
REEAR LA ONa [ St Sk i —r

= g A iy P .
LRGN PRy &1 fr) S a2

ey} T waed
£y b § Ea
SLRLEERD 114(@5./

%, %
s g

1y r"h g ﬁmx i

(44 3

RS LY

- .
PHTAE g % s o w’? kk%
L R e CHETA

1™t b ey 1
rhakdos v

] e
x“xd; LAy




TABLE IX

A LIST OF TiiE ORCANISHS COLLECTID ONLY IN CLEAR OR ORLY IN TUIBID POHDS

Berzeidae Corixidae
Callibaetis Lacrouda
Chirysops Luscul dum
Fovelia Uniguerus
Qyptotendipes

Hydroporus

Libellula

Eesothemis

farmmelotus

Pelepis

Perithemis
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wiifornly distributed in the turbid ponds throughout the study. “he zver-
the spring, the figures being 1,66 nl. (Table IIT) and 1,58 xl. (Table IV).
The collections made during the swmer revealed an average of two and one-
half times o5 mch fauna in the turbid ponds as was present in the elear
ponds, the fimuves being 2,51 mle and 1.0 ml. respectively (Table X).

A comparison of the average volume of organisms collected from the
clear ponds with the aversge volume of andmals talken from the turbid ponds
is interesting. 'The average volume of fauna collected from the clear
ponds decreased from 1,66 ml. in the soring to 1.0 ml. during the swmer,
viich represents a decline of LU per cemt; while the average volume of
erganimms increased in the turbid ponds fram 1,50 ml. in the spring to
2,51 wl, during the swmer, yeoresenting a 37 per cent increase. It should
be indicated that the total wolume of organisms (2.51 ul.) collected during
the samer from turbid ponds was greatar than that of the average of clear
ponds at any time. A possible explanstion of thds may be in the contirued
abundance of large Heompenia naiads in the turbid ponds during the period
of study, while the population of immature insects is believed to have
been reduced in clear ponis Ly emergence during early swamer.

The present article is the second investigation of bottom famna made
in this area. It is hoped that the series will be contimued until an ade-
been established,



TABLE X

A COMPARISON OF THE VOLUME OF ORGANISMS FOUND IN THE CLEAR AND TUEBID PONDS
COLLECTED FROM DURINC THE SUBBFR, WITH THE TOTALS AND THE AVERAGE CIVEN FOR
EACH SET

T
DATE
larch

6
27
28
11
12
13
13
18
18
20
2
25
26
26
27
27

Total
Average
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