
EFFECTS CIF A1tPICIAL na2ILIZATION
ON PLANITON AND BENTHOS PRODUMION

IN FOUR EXPERIMENTAL FORDS

by

Charles David McIntire

A THESIS

submitted to

OREGON MATE COLLIDE

in partial fulfillment of
the requirements for the

degree of

MASTER OF SCIENCE

June 1960



APPROVED:

Date thesis is presented May 4* 1960

scl by I. Glasgow

In Charge of Major

Redacted for Privacy

Redacted for Privacy

Redacted for Privacy



ACKNONLEDG S

Sincere appreciation is expressed to Associate
Professor Carl E. Bond for his encouragement and inval

uable administrative assistance during the study. Thanks

are due Professor R. E. Dimick, Head of the Department of
Fish and Game Management for his criticism of the menu.
script.

My sincere gratitude is extended to Mr. Gary W. Isaac,
Graduate Research Assistant, for the many hours of help
given in the field and laboratory.

am particularly indebted to Dr. H. K Phinney,

Associate Professor of Botany, for his helpful suggestion.
during the investigation, his criticism of the manuscript,
and for the use of his laboratory facilities.

Thanks are given to the Department of Soils and the

Department of Agricultural Chemistry for phosphorus and
nitrogen analyses of the Soap Creek pond waters.



INTRODUCTION

REVIEW OF LITERATURE* .

EXPERIMENTAL PROCEDURE*

TABLE OF CONTENTS

Materials and Sampling MethodsPlankton Counts.
Zooplankton
Phytoplankton

Organic Matter .
Photosynthetic Rates

BENTHOS

LAKETON* . . .

Description of Ponds
Application of Fertilizers . .

CHEMICAL AND PHYSICAL CHARACTERISTICS 10

Methods of Analysis. 10
Results. . S a a 11

Temperature
Inorganic soil turbidity..
Hydrogen-ion concentration.
Total alkalinity 9
Dissolved oxygen. 21
Total Kjeldahl nitrogen * . . 23
Nitrate nitrogen, . 25
Total phosphorus. .
Metallic cations.

Sampling Methods
Results. ,

'

FILAMENTOUS ALGAE ,

PLANKTON AND BENTHOS CONSUMPTION BY
JUVENILE BLUEOILLS.

Fish Sampling Procedure, . 52
Technique for Stomach Analysis
Results,

DISCUSSION AND CONCLUSIONS. 58

BIBLIOGRAPHY. 64

S 46

29
3
31
35
42
44



APPENDIXES

Appendix A. Nunber at Plankton Organisms
per Liter of Water in the Soap Creek
Ponds, April through October 1959. 66

Appendix B. pH Values* Soap Creek Ponds
February 7, 1959, to October 20* 1959. 72

Appendix C. Total Alkalinity Concentrations
(expressed as mel. CaCO3), Soap Creek Ponds,
February 7, 1959, to October 20, 1959. . . 73

Appendix D. Dissolved Oxygen Concentrations
Soap Creek Ponds, May 23, 1959 to

tober 20 1959 74

Appendix E. Total Kjeldehl Nitrogen
1.), Soap Creek Ponds, March 28, 1959,

October 29, .

Appendix F. Total Phosphorus Concentrations
mg/1.), Soap Creek Ponds, February 7, 1959,

to October 20 1959. . *

75



0FIGURES

Bottom mum-411 T .mp.r'atuz"e Van ations
in Pond June through October 1959 12

Surface M&zi*umMinimurn Temperature
Variations in Pond 32, February through
Sept weber 1959

Surface and Bottom Maximum-Minimum
Terporature Variations in Pond 35, June
through October 1959

Surface and Bottom Maximum-Minimum
Temperature Variations in Pond 34, June
through October 1959

Variations in Computed Ash (inorganic)
Concentrations, Soap Creek Ponds July
through October 1959 .

Variations in pH Values, Soap Creek Fonds
February through October 1959.

Variations in Total Alkalinity, Soap Creek
Ponds, February through October 1959 20

Variations in Dissolved Oxygen, Soap Creek
Ponds, May through October 1959.

Variations in TIEN, Soap Creek Ponds,
March through October 1959 24

Variations in Total Phosphorus, Soap Creek
Ponds, February through October 1959 .

Fluctuations in the Numbers of Crustaceans,
Soap Creek Ponds, April through October
1959

Fluctuations in the Numbers of Rotifers,
Soap Creek Ponds, April through October
1959 /0 0

Fluctuations in the Numbers of Diatoms,
Soap Creek Ponds, April through October
1959

33

0 6



14, Fluctuations in the Numbers oforina
Soap Creek Ponds, April through UMW'
1959

Fluctuations in the Numbers
ap Creek Ponds, April through Oótob,r

1959

Fluctuations in Miscellaneous
(includes Micraetinium,
Trachelomonaa, no ryon, aPra October 1989. .

Planktera
Phacue,
Deamids

$

Page

39

41

43

Variations in the Organic Matter,
Soap Creek Ponds, July through October
1959** 0 041.



140 logic al Cb*reotrjti.os of
Creek Fonds, March 195*

Pounds of Nutrients Added to the Soap
Crook Ponds from May through °aloha* 1959

of Comore/al rartiliwor 401%17 to the St..up croak 7i'ox4s Ma
through October 1959 tem3-4001

Cation Concentration
reek Ponds in Milligrams

1959

micromolos of CO2 por
pier hour) at CAimal Lit

Intontd.ty in the Soso Crook Ponds. summerPell 1959
Met Weight of U.thte Organisms

from BUM% Dredis 3amp3es Tolosa from the
Crook Ponds, 1 11%45. 1969

grams Dry Weight of Benthio Organisms
from 38 Elm= Drodg lea Taken at
Various ripths in the Soap Crook Ponds,
July 91023. 1959 (each value ropresionts the
combined *sight for two dredge samples) 49

Isinigrans Dry Weight of Boothia Orgonisms
from 39 Masan Dredge smtaples Tolosa at

ous Depths in the soap Creek roads.
Septembor 21,4133, 1959 (oath value roprosoat
the combined weight for two dredge samples)

Numbore of Organisms in the 2torwhs of
Juvani1 Flu.gI31. led August 1, 1959

Creek Ponda

OP TADLES

the

OP

4



IPTS OF ARTIFICIAL FEIflLIZATION ON PLANKTON
AND B OS PRODUCTION I OUR EXPERIMENTAL PONDS

INTRODUCTION

Effects of artificial fertilization on production of

fish food organisms in four experimental ponds were in-

vestigated as part of the Oregon State College Agricultural

Experiment Station Project, Determination of Fish Species

and Management Practices Best Suited to Farm Ponds in

Oregon. One of the principal objectives of this project

is the development of sound management practices that

will provide maximum production of pan-size fishes in

Oregon farm ponds built primarily for nail production.

The Use of organic and inorganic fertilizers to in-

crease fish production by artificial enrichment of pond

waters has long been practiced in the northcentral and

southeastern states. Swingle in Alabama and Ball in

Michigan have conducted many experiments with pond ferti-

lization, and their results have been widely publicized.

A recent survey of Oregon ponds has shown, however, that

pond management practices based on the results of

experiments elsewhere may have limited value in Oregon.
Climate and soil types are quite varied in the State and

any management policy should consider the specific

characteristics of a particular region. This study was

designed to provide information concerning the fertilization



of farm ponds in the Willamette Valley and other similar
areas.

Stomach analyses of largemouth bass, Microptarus
I

palmoides (Lacepede); bluegill, Lepomis macroohirus

Rafinesque; and other fishes important in Oregon ponds

indicate that the abundance of plankton and benthic
organisms is closely related to production in these species.
For this reason, it seams advisable to study the fluctu-
ations in the numbers of these organisms after fertilization
and relate this information to fish production. This work

Is concerned with the responses of the planktonic and
benthic populations in four ponds receiving different treat-
ments of phosphorus and nitrogen fertilizers. Results and

conclusions are related to a concurrent study of fish
production in the ponds, which is being presented in a
Master of Science thesis by Gary W. Isaac,

The specific objectives of this investigation therefore
were to determi

Effects of fertilization on the production of
plankton organisms,

Effects of fertilization on the production of
benthic organisms,

Effects 61' fertilization on the production Of
filamentous algae.

Effects of fertilization on the production of
food organisms for juvenile bluegill.



REVIEW OF THE LITEmAT

Much information is now available on the ecological
characteristics of ponds and lakes. Many investigators

have made detailed studies of the chemical, physical, or
biological conditions in standing waters, While others
have concerned themselves with such practical problems as

the effects of the addition of fertilizers to fish ponds.
Swingle (18, p* 1-34) has studied, in some detail,

the effects of the application of fertilizers to Mika
ponds in Alabama. He recommended that ponds in his area

be fertilized with 100 pounds of 6.8-4 (N-F 0 -X 0)
commercial mix plus ten pounds of nitrate of soda per
surface acre per application. His work also suggested

that since organic fertilizers decay slowly on the pond
bottom, they tend to stimulate the growth of filamentous
algae; and in contrast, inorganic fertilizers dissolve
readily and encourage the growth of plankton algae. On

the basis of work with 21 ponds at three Michigan fish
hatcheries, Ball (2, p. 3) has found that "the production
of invertebrate organisms, as determined by dredge sampling,

was 42 percent greater in the fertilized ponds than the
now-fertilized ponds, and the production of plankton organ-
isms was 3.3 times as great.*

Hutchinson (7, p. 727) presents a very thorough review
of existing information on lake chemistry. In a chapter



on the phosphorus cycle in lakes, be states that a phos-
phorus deficiency is more likely to limit the productivity
of any region than is a deficiency of any other material
except water. During an exhaustive investigation of the
exchange of dissolved sUbstances between mud and water in

English lakes, Mortimer (12, p. 280-282) found that
depletion of dissolved oxygen in the hypolimnion during

thermal stratification is attended by reduction processes
as well as by considerable increases in the concentrations
of dissolved substances. These sUbstances include silica,
ferrous iron, phosphate, ammonia nitrogen, and some bases.

Much work has been dons on the biological character-

istics of lakes and ponds. Lindeman (11, p. 400-406) has

divided the biota of a Minnesota lake into the producers
(photosynthetic plants), primary consumers (herbivores),
secondary consumers (small carnivores), and tertiary
consumers (large carnivores), and has attempted to estimate
the efficiency of energy transfer at these various trophic
levels. Chu in England and Bodhe in Sweden have made

outstanding contributions by studying the nutrient require-
manta of plankton algae in different culture media. Chu

(5, p. 325) has shown that 14 species of algae flourighod
in media with 1-7 p.p.m. nitrogen and 0.1-2 psp.s6
phosphorus and are likely to suffer from deficiency when

the concentration of nitrogen falls below 0.2 and that of



phosphorus below 0.05 p.p.m, With regard to the seasonal
variations in plankton algae, Rodhe (15 p. 123) came

the following general conclusions:

1. Diatoms often become quite abundant during
the spring and autumn months.

Green algae (chlorophydeae) usually reach
maximum production during the summer months
and are often succeeded towards the end of
the summer by highly productive planktonic
Cyanophyceae.

The Chrysophydeae are generally moat
abundant during the winter or spring, while
Dinophyeeae reach their maximum in the
summer.

Research on Oregon lakes and ponds has been very

limited, and only information of a very general nature is
available. Phinney and MoLaChlan (14, p. 1.25), emphasising

aquatic weed problems, have made a general limnological

survey of natural and artificial basins in the State.
Their findings showed that certain vascular plants and
plankton algae become "nuisance" organisms in some ponds

and lakes during periods of prodigious growth and reproduc-

tion. A limnological survey of farm fish ponds in Oregon
is now being compiled in conjunction with an investigation

of standing crops of fish in these ponds,

6



EXPERIMENTAL PROCEDURE

Description of Ponds

During the spring and summer of 1958, a series of four
rectangular ponds were excavated approximately 100 yards

west of Soap Creek, 15 miles north of Corvallis, Oregon.

The ponds* Si, S2* 33, and 34 were filled during the rainy
season by run-off water draining east to Soap Creek.

S2* 33, and 34 are each approximately 250 feet long

and 100 feet wide, while Si is approximately 200 feet long
and 100 feet wide. Each has a shallow westward end, a

gently sloping bottoms and a deeper end terminated by a
high dike along the east side. The surface area, average
depth, and water volume of each pond during March 1959 are
given in Table 1, It can be seen from these data that 81
has a somewhat smaller surface area, average depth, and
water volume, than each of the other three.

All ponds lost a considerable quantity of water by
late summer; and at that time, the maximum depths of Si,
32, 83, and 34 were 3.5, 4.5, 4.5 and 5 feet, respective-
ly. After the depth of Si dropped below four feet at the
deep end during June 1959, it became necessary to pump

water into the pond from Soap Creek. The chemical and

physical changes brought about by the supplementary creek
water have been carefully recorded



Table 1Morphological Characteristics of
the Soap Creek Ponds, March 1959

Pond
Surface
area

(acres)

AREILIVItla.atjaMMEttg

Sines the soil in the Soap Creek area was known to be

deficient in nitrogen, phosphorus, and sulfur, it was

decided to supply the ponds with several combinations of
these essential nutrients. Urea was used as a nitrogen
source and single superphosphate as a phosphorus and sulfur
source. These commercial fertilizers are readily available
from most local distributors.

To have some basis for comparing the results of adding

fertilizer to Oregon ponds with results obtained elsewhere,
the treatment of the Soap Creek ponds was planned in such
a way that one pond, 83, would receive phosphorus and

nitrogen at about the same rates as used by Ball and Tanner
in their Michigan stud (3, p. 7). They applied 10-6-4

(N-2205-1(20) commercial mix to ponds every three weeks at

a rate of 100 pounds per surface acre for five months
ay through September). Application of fertilizers to

Average
depth

(feet)
water
volume

acre feet

31 0.38 2.7 1.026
32 0.60 3,3 1.980
33 0.49 3,8 1.862-

0.47 3.5 1.645



the Soap Creek ponds began on May 1, 1959 and continued
at monthly intervals terminating with the application on

October 1, 1959. The ponds were not fertilized during
July to avoid fish mortality from dissolved oxygen
depletion. Low dissolved oxygen concentrations in 33

and 34 were detected by chemical determinations on
June 26, The total amount of nutrients added to each
pond from May through October 1959 is summarized in

Table 2 the exact quantities of commercial urea and
single superphosphate applied to the ponds at the first
of each month are given in Table 3. Si received no ferti-
lizer, 32 a total of 7 pounds of nitrogen per surface acre,
S3 a total of 75 pounds of nitrogen and 50 pounds of P20
per surface acre (same as the Michigan ponds), and 34

total of 150 pounds of nitrogen and 100 pounds of P205 per
surface acre (Table 2). Summarizing, 31 received no

fertilizer, S2 nitrogen alone, 33 nitrogen and phosphorus,
and 34 nitrogen and phosphorus at twice the amount applied
to S3,

Table 2. Total Pounds of Nutrients Added to the Soap
Creek Ponds from May through October 1959

0 0
37.6

33 37,6 25.0
4 75.2 50.0



Table 3. Pounds of Commercial Fertilizer Applied
Monthly to the Soap Creek Ponds,
through October l99 ( =opting July

Pond Urea Single
superphosphate

51 0
52 16.7
53 16.7 25.0
54 33.4 50.0



CHEMICAL AND PHYSICAL CHARACTERS MICS

Methods of Analysis

Water temperatures during the winter and early spring
were recorded on an "Auto-light model 1000" thermograph

mounted in 52. Summer and fall temperatures were measured
by maxim minimum thermometers mounted two inches beneath

the surface and near the bottom at the deep end of each
pond.

For the determination of organic matter and ash con,.

centrations, one liter of pond water (see page 29 for
sampling method) was run through a Foerst continuous-flow

centrifuge for eight minutes, and the concentrate was dried
in a weighed platinum container at 60° C. After cooling in
a desiccator the sample was weighed, ignited in a muffle
furnace at 4500 C and reweighed. The weight lost on
ignition represented the weight of organic matter per liter
of pond water, and the weight of the remaining material
represented the weight of total a& per liter of pond
water.

Water samples for chemical analyses were obtained
with a Kemmerer water sampler approximately six inches

beneath the surface and six inches from the bottom at the
deep end of each pond. Results of chemical determinations
are subsequently reported as values "at the surface" and

0



values at the bottom." The chemical analyses included

hydrogenalon concentration (Beekman pH meter), dissolved

oxygen using the unmodified Winkler method outlined by

the American Public Health Association (1, p* 252-255),

alkalinity titrations with 0.02N sulfuric acid (1,
p* 35-38), total phosphorus using the modification of
the Deniges phomphomolybdate method described by Dobis

and Moyle (8, p* 29-31), total Kjeldahl nitrogen by
Kjeldahl digestion and distillation (1, p. 155157),
nitrate nitrogen by the Hellige color comparator, and
certain metallic cations using flame photometry
(1 p. 101-192)*

Results

Temperature. Figures 1-4 give the weekly maximum-

minimum temperatures in the four ponds from February

through October 1959. Since water flowed freely between
the ponds until the first application of fertilizers
(May 1, 1959), temperatures recorded in 82 before May 1959

are assumed to be representative of all ponds. Because of
the distinct diminutive thermal stratification that accom-

panied tremendous productions of algal organisms in 83
and 84, both surface and bottom water temperature data

were collected for these ponds (Figures 3 and 4).
The highest surface water temperatures occurred

about the middle of July, ranging from 300 C. in 81 to
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surface water of S3 and 84 was occasionally 20'

warmer than that of SI and 82, possibly resulting fro
greater light absorption by the large quantities of
suspended organic matter present in 85 and 84.

Inorganic soil turbidit Since the production of
phytoplankton is partly dependent on the amount of light
available for photosynthesis, relatively large quantities
of non-settling soil particles suspended in impounded
waters can reduce light penetration and consequently retard
the biological productivity of these impoundments. When a

great quantity of living or dead microscopic organisms
present in the water, turbidity due to inorganic soil
constituents cannot be accurately measured by a Secchi
disk or other convenient methods; however, the residue, or
ash, present per liter of water after the organic matter
has been volatilized may offer a satisfactory index to the
inorganic soil turbidity provided the data are corrected
for the amount of ash contributed by organisms. Birge and

Juday (4 p. 150-151) found by chemical analyses that dried

14

36° C. in 54. After the first part of August, surface
water temperatures in all ponds gradually declined to
190 C. by late October. During the summer months, 32 and

particularly 33 and 84 often developed as much as a 10° C,

difference between surface and bottom water weekly maximum

temperatures. It was also interesting to note that the



net plankton and nannoplankton organisms of Lake Mendota

contain from about 10 to 20 percent ash. For the purposes

of this study, 15 percent was assumed to be a reasonable

estimate of the mean ash content for plankton organisms in
the Soap Creek ponds.

After determining the weight of organic matter per

liter of pond water and the total ash per liter of pond
water for a particular time (see methods section), an index
to the turbidity due to colloidal and suspended inorganic
substances was obtained by the following procedure:

1. The total weight of plankton per liter was
computed by the formula

wt. plankton/i.

he weight of ash per liter due to plankton
organisms was found by subtracting the weight
of organic matter per liter from the weight of
plankton per liter.
The weight of ash per liter from colloidal and
suspended inorganic substances was obtained by
subtracting the weight of ash per liter due to
the plankton from the total ash per liter.

The inorganic ash concentrations for the Soap Creek
ponds computed in this manner are plotted graphically in

Figure 5. The data were calculated from organic matter

and total ash determinations obtained at two-week
intervals from July through October.

The newly excavated Soap Creek ponds were quite turbid

from suspended colloidal soil up until the time of the
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first fertilizer treatments on May 1, 1959. 81 began to

ear shortly after supplementary creek water was added

during June; and after that time, the inorganic ash concen-
tration remained at a relatively low level through October,
fluctuating between 9.8 mg/l. and 3.7 mg/l. In contrast,
the water in 82 and 83 retained a brownish-gray opaqueness

throughout the summer and fall, with the inorganic ash
concentration varying between 6,0 mel, and 19.9 mg/1.

52 and between 8.6 mg/i. and 27.0 mg/l. in 83. The inorm

genic ash concentration in 84 gradually declined from
19.5 mg/i. in July to 7,6 mg/1. in late October, while at
the same time, the water color changed from an opaque

greenish-gray to a transparent dark green.

HTdrogensdon concentration. Results of determinamoi

tions are presented graphically in Figure 6 (also see
Appendix B). Surface and bottom water samples for pH

readings were obtained in February and from May through

October at monthly intervals. Samples were taken in the

morning between 9 a.m. and 11 a.m.

In Si the pH values for water samples taken at the
surface ranged from 6.9 on February 29 to 9.1 on August 27,
and the difference between values for surface samples end

those for bottom samples was never more than 0.3 pH units

The pH of surface water in 52 ranged from 6.9 on Februm

ary 29 to 8.6 on June 26, and the MAXiMUM difference

17



10.0

POND S2

9.2

8.4

6.0

POND S I

SURFACE

BOTTOM -------

POND S3

I I I I I I
FEB MAR APR MAY JUNE JULY AUG SEPT OCT

FIGURE 6 VARIATIONS IN pH VALUES,
SOAP CREEK PONDS,

FEBRUARY THROUGH OCTOBER
1959

18

7.6

6.8

10.0

9.2

8.4

7.6

6.8

6.0

10.0

9.2

8.4

7.6

6.8



19

between values at the surface and values at the bottom was

0.6 pH units on June 26, In 83 the pH of surface water
remained between 6.9 and 7.0 until July 23, and after that
time, the pH at the surface began to increases reaching

maximum of 9.3 on September 18, The pH at the bottom

of 53 did not rise above 7.3 nor fall below 6.4. In 34

he pH at the surface ranged between 6,8 on May 23 and

10.2 on September 18, and the pH at the bottom between

6,6 on May 23 and 8.6 on October 20. The difference be-
tween the pH at the surface and that at the bottom in 84
reached a maximum of 2.9 pH units on June 26. Large differ-
*noes between pH at the bottom and pH at the surface in 53
and 34 were recorded during times of high phytoplankton

numbers in those ponds.

Total alkalinity, Variations in total alkalinity are
presented in Figure 7 (also see Appendix C Results are

expressed as 1. CaCO3. Determinations were made from

surface and bottom water samples obtained in February and

at monthly intervals from lag through October.

The total alkalinity of surface and bottom water
samples from Si began to increase after supplementary creek
water was introduced on June 6. Maximum values of 90 mg/i.

at the surface and 91 mg 1. at the bottom were reached on
September 18, The difference between values at the surface
and values at the bottom in Si was never more than 7 mg/i.
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Total alkalinities of surface and bottom water from 52 were

also approximatel the same on each date except on July 230
when the alkalinity of surface water was 26 mg/1. and that
of bottom water 48 mg/1 Values at the surface ranged from
13 mg/l. on February 29 to 35 mg/l. on September 18, and

values at the bottom from 13 mg/1. on February 29 to 48
mel. on July 23. The total alkalinity of surface water in
$3 ranged from 12 1. on February 29 to 83 mg/1. on
September 18. The total alkalinity at the bottom varied
between 12 mg/i. on February 16 and 45 mg/1. on Septa's'.

bar 18. The fact that the alkalinity of surface water
(83 mg/1.) was much greater than that of bottom water
(45 mg/1.) in $3 on September 18 was rather unusual and
could not be adequately explained. In 54 the total alka
Unity of bottom water Was higher than the total alkalinity
of surface water until August 19, ranging from 12 mg/i. on
February 16 to 90 mg/1. on June 26. The total alkalinity
at the surface varied from 14 /1. on February 29 to
51 mg/1. on September 18.

Dissolved oxyx no Water samples for dissolved oxygen

determinations were obtained monthly at the surface and
bottom of each pond from May through October. Such samples

were taken in the morning between 9 a.m. and 11 a.m. The

variations in dissolved oxygen concentrations are shown in
Figure 8 (also see Appendix D),
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In Si the dissolved oxygen concentration at the surface
varied between 6,3 1. on May 23 and 10.2 mg/1, on Octoi.
ber 20. The concentration at the bottom was never more

than 0.6 mg/i. lower than the concentration at the surface.
Dissolved oxygen at the bottom of S2 decreased to 0.1 NW/
on July 23 and then increased to a maximum of 8.8 1, on
October 20. The concentration at the surface varied be.
tween 7.0 1 on July 23 and 9.4 1. on September 18.

Dissolved oxygen at the surface of 55 was as high as 10.0
mg/i. on September 18 and as low as 3.6 mg 1. on August 19
usually between 4 and 6 mg/1.). The concentration at the

bottom ranged from 0.0 mel, on June 26 and July 23 to 5.7
mg/i. on September 18. Dissolved oxygen was also absent a
the bottom of 54 on June 26 and Jul 23; however, the
concentration at the surface ranged all the way from 4.8
mg/1. on July 25 to a supersaturated 20.1 mg/i. on
September 18

Total Kjeldahl nitrogen, Total Kjeldahl nitrogen
(TEN) includes ammonia nitrogen and all forms of amino acid
nitrogen present in simple and complex organic materials.
Results of TEN determinations for monthly surface and

bottom water samples are presented graphically in Figure 9

also see Appendix E). Because a lack in quantity of sample
somewhat restricted the accuracy of the method, concen!..

trations below 0,5 mel. are simply designated as "less
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than 0.5 mg/l."
All four ponds had TXN concentrations less than 0.5

/1. before fertilizers were added on May 1 (samples taken
March 28). Concentrations at the surface and bottom in 31
remained below 0.5 mel. until October 29 when the concen-

tration at the bottom increased slightly to 0.77 mg/l.
The TXN concentration at the surface in 52 ranged from

less than 0.5 mg/l. to 1.7 1. on September 18. Concen-

trations at the bottom were usually from 0.1 to 0.3 mg/l.
higher than concentrations at the surface. The extremely

high concentration at the bottom on July 23 (11.3 mg/1.)
was inconsistent with other values for 32 and could not be

explained. In 33 the TXN concentration at the surface
gradually increased to a maximum of 2.7 1. on August 19

and the concentration at the bottom to a maximum of 3.0

mg/I. on October 29. 34 had the highest TEN concentrations,

with a maximum at the surface of 10.8 mg/l. and a maximum

t the bottom of 4.8 mg/1., both on September 1

Nitrate nitrogen. Unfortunately, data on nitrate
nitrogen concentrations for the Soap Creek ponds are quite

limited and of questionable accuraoy. Results of determi

tions on water samples collected October 20 indicated
concentrations ranged in the magnitude of 0.02 mg/i. in Si

to 0.25 mg/l. in 34 on that date.
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Totalyhjtapirrus. Total phosphorus includes all
soluble and insoluble phosphorus compounds in the water as
well as that bound in living and dead organisms. Monthly

variations in total phosphorus concentrations are presented
in Figure 10 (also see Appendix F).

Results of total phosphorus determinations for Si
indicated that both concentrations at the surface and those
at the bottom remained at a relatively low level from Febru-
ary through October. The concentration at the surface
varied between 0.06 mg/i. on May 23 and 0.028 1. on June
26, and the concentration at the bottom between 0.09 mg/1..
on February 7 and 0.021 1. on June 26. In 82 the total
phosphorus concentration at the surface decreased from

0.08 mg/l. on February 7 to 0.01 mg/i. on Julr 23 and then
increased slightly to 0.04 mg/1. on October 20. The con-

centration at the bottom followed the same trend, varying
between 0.10 mg/l. on February 7 and.0.005 mg/1. on
June 26. In 83 concentrations were somewhat higher, with

values for surface water varying between 0.06 mg/i. on

July 23 and 0.29 mg/l. on August 19, and those for bottom
water between 0.028 mg/l. on October 20 and 0.122 mg/l. on

August 19. Highest total phosphorus concentrations were
found in 84. The concentration at the surface ranged from
0.04 mg/i. on February 7 to 0.79 mel. on September 18,
and the concentration at the bottom from 0.10 1. on
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February 7 to 0.95 mg/i. on June 26. 

Metallic cations, Calcium, magnesium, and potassium 
ion concentrations were determined in surface water samples 

taken on July 31. The data are presented in Table 4. 

Table 4. Metallic Cation Concentrations in 
Soap Creek Ponds in Milligrams per Liter, July 31, 1959 

Cation Pond 1 Pond 2 Pond 3 Pond 4 

Ca++ 6.0 1.6 2.5 2.0 
5.0 .4.0* -5.0* 
1.5 1.5 0.5 0.5 

Less than 5 mg/ 

Calcium concentrations ranged from 1. 1. in 52 to 
6.0 mg/i. in Sl. The maximum magnesium concentration of 
5.0 mg/i. occurred in Si, while the other ponds had con- 

centrations less than 5.0 mg/1, Potassium concentrations 
varied from 0.5 mg/l. in 53 and 34 to 1.5 1. in Si and 

32 



PLANKTON

Materials and Sampling Methods

Water samples for plankton counts were collected
approximately every two weeks from April 18 through Octo-

ber. Samples for zooplankton counts were obtained by

straining 10 liters of pond water through the cup end of
a #12 Clarkeeseumpus plankton sampler. Such samples were

taken about 30 feet from shore at the shallow end of each
pond and at a depth of about eight inches. The concen-

trated zooplankters were transferred to a Sedgewick...Rafter
cell, and the contents of three entire cells were identified
to genus and counted under 10X and 20X magnification. An-

other set of samples were obtained at the same time by
submerging a Kemmerer sampler eight inches beneath the

surface at nine representative stations in each pond.
Each set of nine samples were combined into one composite

sample and two 1-liter aliquots were removed from each

composite sample and concentrated to about 10 milliliters
by means of a Foerst continuous-flow centrifuge. The rate
of centrifuging was standardized at about one liter per
eight minutes. One concentrated sample was used for micro.

plankton counts and the other for organic matter and ash
determinations (method described in the previous section).
Microplankton (primarily phytoplankton) ware enumerated in

29
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either a Sedgewickw.Rafter cell using 1001 magnification or

in the nannoplankton cell described by Palmer and Maloney

(13, p. 1-.6) using 400X magnification. The counting pro-

cedure involved the "random" sampling of 10 calibrated

"fields from each cell mount of the sample concentrate.

Details of this method have been outlined by Ingram and

Palmer (8, p. 617-624). Results were reported as numbers

of organisms per liter of pond water.
Rates of photosynthesis were determined by the light-

and dark-bottle method described by Verduin (17, p. 40.42).

Briefly, 002 absorption from the water during photo-
synthesis and addition during respiration were related to
the concurrent pH change by the differential titration of -

natural water with a 0.01011 NaOH solution. After standard

curves for each pond were established by the titration, two

bottles, one clear and the other blackened, were filled
with surface Water, sealed, and mounted six inches beneath

the surface of each pond. The bottles remained in the

ponds from about 9 a.m. to 3 p.m. The difference in

values between the water from the light bottle and that
from the dark bottle was related to the 002 concentration
and then to absorption due to photosynthesis by using the
established standard curve for each pond. The results,
which were expressed as micromoles of 002 per liter of
pond water per hour, represented rates of photosynthesis



at optimal light intensity on a particular date.

Plankton Count s

To emphasize the relative abundance of the various

plankters in the Soap Creek ponds during the study, i
seemed desirable to combine certain related organisms into
groups and to present the total counts for each group
graphically (Figures 11-16 and Appendix A). The plankton

organisms have been combined into the following groups:

(1) the Cruatacea represented by the genera, Cyclops,

Bosmina, Chydorus, and Diaphanosoma; (2) the Rotatoria

represented by the genera, Brachionus, Asplanchna,

Conochiluso Keratella, and Polyarthra; (3) the diatoms;
(4) the genus Pandorina; (5) the genus Cryptomonas; and

(6) a miscellaneous group represented by the genera,

Dinobryon, Euglensto aszetetiums Phacus and Trhelo-
monas, and the deamids.

i4292224Liqs9. The zooplankton found in the Soap

Creek ponds included four genera from glass Crustacea and

five genera from Phylum Rot atoria.

Boamina was consistently the most abundant crustacean

in all ponds, followed by Cyclops, Chydoruso and

Diaphanosoma. Bosmina became particularly numerous in 83

on August 4, numbering 695 individuals per liter, and on

September 14, numbering 52.8 per liter. In S4 a maximum

3
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count of 471 organisms per liter was recorded on
August 28 The total counts for the Crustacea are presented

graphically in Figure 11. In 51 the crustaceans never

numbered over 38 individuals per liter. In $2 the number

of crustaceans reached a maximum of 144 organisms per liter

on July 3, and after that time, the counts were never over

17 organisms per liter. Crustaceans were most abundant in

53 in which four distinct population peaks occurred. The

organisms were quite numerous on July 17 (156 per liter),

August 14 (709 per liter), September 14 (518 per liter),

and October 26 (600 per liter). Crustaceans in 54 gradu..

ally reached one peak of 471 individuals per liter on

August 28 and then rapidly declined to an insignificant

number.

The most abundant rotifers in the ponds were
17erthra Keratellal and Brachionus followed by Conochilus

and Asplanchna. Polyarthra and Keratella became most

abundant in 84, with maximum counts of 108,000 organisms

per liter (October 26) and 87,000 organisms per liter

(August 28) respectively, while Brachionus reached its maxi

mum in 53, numbering 16,308 organisms per liter (Jul 31).

Figure 12 dhows the variations in the total numbers o

rotifers throughout the study. In 51 rotifers became some-

what numerous on June 8 numbering 370 per liter, and on
July 31 numbering 691 per liter. Likewise, in 52 rotifer
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populations reached two rather prominent peaks, the first
on June 8 with 1,140 individuals per liter and the second
on August 28 with 2,318 individuals per liter. Rotifers
were most abundant in 83 during July, August, and Septem-
ber, reaching counts as high as 16,313 per liter. 84 had

by far the highest counts, espeoially on August 28 and
October 26 when the counts were 136,000 and 108,000

organisms per liter respectively.

Phytoplanktono The phytoplankton found in the ponds
included: seven genera from Division Chlorophyta

(Chlamydomonas, Closte4um, Cosmarium, Eudorina M cracm

tinium Pandorina, and Staurastrum); three genera from
Division Euglenophyta (Emile!, Phacus, and Trachelpmonas

one genus from Division Chrysophyta (Dinobryon) plus the

diatoms; one genus from Division Pyrrophyta (01mnodinium);

and one genus from Class Cryptophyceae (Cryptomonas). Not

a single representative from Division Cyanophyta was

collected on any of the 12 sampling dates,
The diatoms were the dominant phytoplankton organis s

in both 81 and 82 (Figure 13), In 82 the diatoms increased
rapidly to a maximum of 7,762,900 cells per liter on June 8
declined to 1,352,516 cells per liter on June 20, declined
further to 78,150 cells per liter on July 3, and finally
dropped sharply to insignificant nuMbers. Diatom counts

began to increase in Si during the last of July, and a
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maximum count of 67,550 cells per liter was recorded on
August 14, The population then gradually declined to a

trace by October. The diatoms were completely lacking
53 and 84.

Beginning in July, the colonial flagellate, Pandorina
was responsible for a large part of the energy fixation
in 84 (Figure 14). In fact, this organism became so abun-
dant that the pond would occasionally develop a dark-gray
or green color, and groat quantities of organic matter
often would be concentrated at the northeastern corner of
the pond by wind action. The maximum Pandorina count

recorded in 84 was 6,948,000 colonies per liter on August

14. The number of colonies was variable but at a high
level during September and most of October, and finall

declined to 102,672 colonies per liter on October 26.
Pandorina counts in the other ponds were either sparse
(81 and 82) or completely lacking (83).

During August, September, and October, another flag-
ellate, Cryptomonas, was primarily responsible for energy

fixation in 83 (Figure 15), Because of the delicate nature
of this organism, a certain amount of error was bound to
occur during its enumeration; however, the counts appear
accurate enough to indicate the general magnitude of the
population. Counts as high as 44,000,000 cells per liter
on August 14 and 40,000000 cells per liter on October 7
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were recorded in 33. In 34 aut=asa. also became rather
abundant during late summer, reaching a maximum density

of about 14,000,000 cells per liter on August 14. The

organism was also quite abundant on September 14, but the

sample spoiled before counts could be made. In Si and SS

pryptomonas counts were never higher than 775,000 cells

per liter and 463,200 cells per liter respectively.
A number of phytoplankton organisms were important at

certain times during the study but did not contribute to
the productivity of a pond for an extended period of time.
These organisms have been combined into a separate group,

and their total counts are presented graphically in Figure
16. Genera from this group were primarily responsible for

energy fixation during May and June, especially in 53 and
34. Micractinium was particularly abundant in 34 on

June 8, numbering about 17,000,000 cells per liter. The

organism declined to 3,000,000 cells per liter on June 20
and subsequently disappeared from the pond. In S3 Euglena

became somewhat important during June, ranging from

1,500,000 cells per liter to 3,000,000 cells per liter.
Other high counts included 2,000,000 Chlamydomonas per liter

on June 20 (33); 1,000,000 Trachelomonas per liter on Octo-

ber 7 (33); and 1,500,000 Cosmarium per liter on June 20
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srKanic Matter

The amount of organic matter in the centrif ed

ton was determined at two-week intervals from July through

October (Figure 17). Results were reported as milligrams

of organic matter per liter of centrifuged pond water.
These determinations represented a reasonable indication
of the standing crop of plankton present in each pond on
the sampling date.

In Si the amount of organic matter remained quite low
throughout the investigation, ranging from 2.2 1, on
July 9 to 3.3 1, on August 28, Concentrations of

organic matter in 82 were also low, reaching a maximum of

7.2 1. on August 28. In contrast, concentrations in 83
and 84 were quite variable, and at times, extremely high
values were recorded. Organic matter in 83 varied between

6.2 mg/l. on July 31 and 57,1 mg/i. on August 14 and in

64 between 3.2 1. on July 31 and 62.6 mg/l. on August

14, It was not surprising to find that the high concen-
trations of organic matter in 83 and 84 occurred within
two weeks after fertilization in August, September, and
October* and that during July, when the ponds were not
fertilized, concentrations did not exceed 11.0 mg/l. in
either pond. Also* large quantities of organic matter in
83 and 84 were almost always associated with extremely
high Pandorina and Cryptomonat counts (Figures 14, 15, and
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Photosynthetic. Rates

Summer and fall photosynthetic rate (rate of CO

absorption by the phytoplankton) for the Soap Creek ponds

are presented in Table 5. Summer rates were determined on

August 13 and August 27, and fall rates on October 6 and

October 20, Since the Beckman pH meter failed to give

stable readings on October 20, the accuracy of values

obtained on that date was somewhat questionable. Rates

for 32, 351, and 34 have been included, however, since it
was believed that these values were accurate enough to show

a distinct difference between $4 and the other ponds at

that time.
Rates of photosynthesis for 1 and $2 were comparable

to rates obtained by Verduin (17, p. 44-46) for western
Lake Erie. Values in S1 ranged from a negligible amount

of CO Absorption on August 13 to 1.9 micromoles of CO

Absorbed per liter of pond water per hour on August 27,

and in $2 from 1.0 micromoles/1./hr, on October 20 to

6.4 mieramoles/1./hr. on August 13. Compared to these

rates, photosynthetic rates for 53 and 84 were astronomi-

cal. Values in $3 ranged from 1.1 micromoles/1./4ir. on

October 20 to 57.7 micromoleeil./hr, on August 27, and

in 54 from 25.2 micromoles/1./hr. on October 20 to 59.0

44



Table 5. Photosynthesis micromoles of CO per liter
pond water per hour) at Optimal
Intensity in the Soap Creek Ponds, Summer
and Fall 1959

Aug. 13 nog.
Aug.27 109

6 1.4
20

6,4
5,0
2,4
1.0

54.7
57,7
38.3
1.1

59.0
28.7
46.8
25,2

micromoles/1./hr, on August 13, Although photosynthetic
rates in 33 and 84 were in the same general magnitude

during August and the first part of October, values deter-
mined on October 20 indicated that 34 still retained a
relatively high rate of photosynthesis (25,2 micromoles/14
hr.), while the rate in 8+ had become considerably reduced

(1.1 micromoles/1./hr.). The extremely high counts of
Pandorina and Cryptomonas in 53 and 84 on August 14,

August 28, and October 7 (Figures 14 and 15) apparently

accounted for the high photosynthetic rates recorded for
these ponds on August 13, August 29, and October 6.



BMWS

,Sampling Method

Bottom samples were obtained on April 11-15, Jul 21-

3, and September 21-22 using a one-fourth square-foot

Ekman dredge. Each sample was transferred to a gallon jar,
returned to the laboratory, and washed on a small mesh
sieve (32 meshes to the inch). After the samples were

concentrated, the organisms were carefully removed with

tweezers and placed in labelled vials. The organisms from

each sample were weighed on a Mettler single-pan automatic

balance,

In April each pond was divided into eight equal sec-
tions, and one dredge sample was removed from each section.

Since the numbers of benthic organisms in the ponds in
April were negligible before addition of fertilizer, the
few specimens collected from dredgings at that time were
not dried before they were weighed. Results for the April
samples were reported as milligrams of wet weight per dredge

sample.

Preliminary sampling after fertilization suggested that
benthic organisms had become more abundant in the shallow

ends of 84 and 83 but had not appeared in the deeper ends

of these ponds. To facilitate observation of the migration
of benthic organisns into the deeper water, sampling was
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begun on the basis of water depth. Two bottom samples were

taken at each of four different depths (I foot, 1.5 feet,
2 feet, and 3 feet) from each pond. This procedure was

followed during sampling in July and September. The

organisms collected from July and September samples were

dried at 60° C. and carefully weighed to the nearest tenth
of a milligram, Results for these samples were reported

as milligrams of dry weight per dredge sample.

esults

The larval midges of the family Tendipedidae were by
far the most important group of benthic organisms found in
the Soap Creek ponds. Besides the tendipedids, a few
specimens of the horsehair worm Gordius and one dragonfly

naiad belonging to the family Libellulidae were collected
from bottom samples taken in April and July.

The set of bottom samples taken in April before
addition of fertilizer indicated that benthic organisms
were not well established in any of the ponds at that time.
The wet weights of the benthic organisms in seven bottom

samples taken from each pond on April 11-15 are tabulated
in Table 6. Total wet weights for the seven samples ranged

from 5.1 milligrams in 52 to 15.5 milligrams in Sl. At

least one sample from each pond failed to yield a single
organism.



Table 6. Milligrams Viet Weight of Benthic Or
am Elcman Dredge Samples Taken from the

Soap Creek Ponds* April 11-15* 1959

3
4
5

Total

By the time the second set of bottom samples were

obtained on Jul 21-23, the fertilization program had been

in effect for almost three months. Data from these samples

are presented in Table 7. Dry weights of organisms from

32 bottom samples (eight from each pond) taken on Jul 21-23

indicated that benthic organisms were beginning to appear
in the Shallow end of 33 and were already quite abundant

in the Shallow end of 34. Total dry weights for 33 and 84

were 31.6 milligrams and 177.7 milligrams respectively.

About 97 percent of these total dry weighta could be attrib-
uted to benthic organisms taken at the depths less than
three feet (1 foot* 1.5 feet* and 2 feet), In SI and 52

total dry weights of benthic organisms were only 6.8 milli-
grams and 6.0 milligrams respectively.

By September benthic organisms had increased to some

extent in all ponds. Data for the September samples are

3.1 2.1 8.8 0.0
2.9 0.0 0.0 0.0
0.8 0.0 0.0 0.0
3.8 0.0 0.0 7.1
2.9 0,2 1.0 2.4
1.8 0.0 2.4 0.0
0.0 2.8 1,8 0,0

15,3 5.1 14.0 9.5

Pon! Si Pond Pond 33 Pond 64



Dep
in feet

Table 7. Milligrams Dry Weight of Benthic Organi
from 32 an Dredge Samples Taken at
Various Depths in the Soap Creek Ponds,
Jul 21-23, 1959 (each value represents

combined weight for two dredge samples

Pond S2 Pond 83

49

shown in Table 8. In 81 the organisms appeared to be

sparsely distributed over the entire pond bottom, while in
82 they were somewhat more abundant at the one-foot depth.
Total dry weights for eight dredge samples from 31 and
eight from 82 were 19,4 milligrams and 32.9 milligrams
respectively. Benthie organisms in 83 had become quite
abundant at the one-foot depth and were beginning to appear
in deeper water. Total dry weight for the samples taken in
83 was 161.0 milligrams. September samples taken in 84
indicated that benthie organisms were uniformly abundant

over the entire pond bottom and that the tendipedids had
become well established in the deeper area of the pond.
Total dry weight for the 34 samples was 314.4 milligrams,

It was interesting to observe that the ponds re-
ceiving both phosOhorus and nitrogen fertilizers (33 and

2 1.9 1.8 12.5 92.31.5
2
3

1.3
1.4
1.2

1.5
1.6
1.1

4.7
13.7
0.7

40.0
41.3
4.1

Total 5.8 6.0 31.6 177.7



Table 8. Milligrams Dry Weight of Be thic Organiams
from 32 Ekman Dredge lee Taken at
Various Depths in the Soap Creek Ponds,
September 21-22, 1959 (each value represents
the combined weight for two dredge samples)

Depth
in feet Pond Si Pond 82 Pond 33 Pond 84

50

34) supported fairly dense populations of tendipedids of the
large bloodworm variety. These organisms were bright-red

in color and were often over two centimeters in length. It
was not surprising to find large populations of bloodworms
in S3 and 84 since their presence has been often associated
with low dissolved oxygen concentrations accompanying large

quantities of decomposing organic substances. Although

some large bloodworms were collected in Si and 32, the

tendi edids from these ponds were more often yellow or

green in color and much smaller in length usually about

one centimeter),

2.4
2.1

17.2
6.8

92.4
18.7

93.2
67.9

2 5.2 5.2 25.6 74,2
9.7 3.7 24.3 79,1

Total 19.4 32,9 161.0 314.4



FILATEINT MIS ALGAE

Filamentous algae WAS a relatively unimportant con-

stituent of the total biomass in the Soap Creek ponds
during the investigation. Only one form, Cedogonius4 WAX

found in significant quantities.
Large mats of Oedogonium were observed in Si on

July 23. The mats were attached to the bottom and appeared
to be covered by great quantities of silt. Oedogonium

remained abundant in Si until late August and finally dis-
appeared in early September. Filamentous algae production
in 82, 83, and 84 was negligible until the middle of
September When dense mats of Oedogonium almost covered the
shallow ends of 53 and 84. The algal mats began to disap-
pear in 83 and 54 during October, and by the time the ponds

were drained in November, only a few patches remained.
It became evident during the study that the production

of filamentous algae was greatly influenced by the turbidity
of the ponds. In 81 the dense Oedogonium mats appeared

develop shortly after light penetration in the pond had
been increased following the addition of supplementary creek
water, The silt-covered filaments indicated that suspended
soil particles were settling at that time. In the other

reduced light penetration from large quantities of
organic and inorganic matter apparently confined the
production of filamentous algae to the shallow ends of
those ponds.

51.



PLANKTON AND BENTHOS CONS ON
BY JUVENILE BLDEDILLS

The Soap Creek ponds were stocked with adult bluegills
on May 8-16. These fifth varied from about 60 to 100
meters in standard length and averaged 14.26 grams in body
weight. During July the bluegills spawned in all four
ponds. In order to relate fish production to plankton and
benthos production in each pond, it was necessary to
determine the feeding habits of both the adults and the
newly hatched juveniles, Isaac (10) has examined the
stomach contents from 20 adult fish (five from each pond
and his findings indicated that the adults had been feeds.
ing primarily on large tendipedid larvae and that the
abundance of these larvae greatly influenced bluegill pro-
duction in the ponds. Stomach contents of the juveniles
have also been analyzed, and these results have been
included in this thesis.

MALAWALM2172sasiaEl

Juvenile bluegills for stomach analysis were sampled
on August 19-21. It was estimated that the young fish
were from one to two months old at that time. Five fish
were obtained from each pond by a small seine and were

frozen immediately by a mixture of isopropyl alcohol and
dry ice. Since spawning apparently occurred at slight'
different times in the four ponds, the average size of
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the juvenile bluegills varied considerably from pond to
pond, and it was difficult to obtain fish in the same size
range from each pond. Weights of the examined fiah from

81 ranged from 62 milligrams to 139 milligrams; from 52#

455 milligrams to 619 milligrams; from 83, 112 milligrams
to 431 milligrams and from 84, 54 milligrams to 374
milligrams.

Techni ue for Stomach Analisis

Since the juvenile bluegill stomach contents
almost entirely composed of plankton organisms, the quanti.
tative and qualitative analyses involved a technique
similar to the plankton counting method described earlier.
In order to remove the tiny stomachs without damage, it was
necessary to dissect each small fish under low power magni.
fication. Each stomach was transferred to a small plastic
cap containing a few drops of water, and the contents were
removed by gently tearing the stomach tissues apart with
sharp needles. The material separated from the stomach was

then washed into a Sed ick-Rafter cell, and the contents
of an entire cell mount were identified and counted under
10= magnification.

Results

Table 9 gives the numbers of organisms found in the

stomachs of 20 juvenile bluegills (five from each pond).
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n 81 the email fish had been feeding primarily on diatoms
and small filaments of Oedogonium. The maximum of 316

diatoms was found in the stomach from a fish weighing 139
milligrams. Other food organisms utilized by the young fish
in Si were Chzdorus, Cyclops and small tendi edid larvae.

Juvenile fish in S2 were feeding almost entirely on

mina and tendipedid larvae. As many as 2026 B

were counted from a 455-milligram fish, and a 619-milligram

fish had consumed a maximum of 31 tendipedid larvae.
Cyclops, Chydorus, and Phacus were also present in limited
numbers,

In 83 1o4mina was the most important food organism

at that time followed by, in the order of their importance,

Cyplops, Qloeteriuza, the rotifers, tendipedid larvae, and
Chydorus. The numbers of Bosmina from stomachs varied

between 46 from a 331-milligram fish and 373 from a 237-
milligram fish.

Juveniles from 54 had been feeding most frequently on

Bosmina, Pandorina and tendipedid larvae. The maximum

of 772 Pandorina was found in a 54-milligram fish, and the

Bosmina counts varied between 92 from a 54-milligram fish

and 579 from a 374-milligram fish. Other food organisms of

lesser importance were Cyclows, Keretella, Closterium, and
Phacus.

It appeared that the small fish in 21 were forced to



utilise filamentous algae and diatoms for their nourish"-
ment, while in the other ponds nourishment was supplied

by varying quantities of zooplankter00 The tendipedid

larvae found in the stomachs were extremely small and
probably would have passed through the small mesh sieve

used for the dredge samples. Although the relative merits
of these food organisms were unknown, Isaac (10) was able

to show that the growth rate for young bluegill in 34 was
significantly greater than the growth rates in the other

ponds.



ht
fish

Pond 81
104
139

62
105
105

Pond 82
485
515
490
455
619

Pond 33
451
237
391
331
112

Pond 34
374
339
121

54
75

Table 9 Numbers of Organisms in the Stomachs of Juvenile 8luegill
Sampled August 19-21, 1959, Soap Creek Ponds

Tendipedidae Diatoms Chydorus Oedogonium Cyclops Bosmina

ROT 30 6 41,10-

315 27 9 a.

50 3 a.

35 16 8
23 4 11 a.

22 . 5 8 228. a. a. 8 1544
23 . . . 482. 6 2026
31 . 2 . 6 482

17 254
15 373

a. 26 183
a. a. 180 46
a. a. a. a. 15 54

10 579
7 5 408
1 28 405

92
4 126
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DISCUSSION AND CONCLUSIONS

The addition of fertilizers to the Soap Creek ponds
had a pronounced effect on the chemical, physical, and

biological conditions in the ponds, especially in those
receiving both nitrogen and phosphorus compounds (83 and
84). In general, the low concentrations of nitrogen and
phosphorus Which existed in all four ponds before ferti-
lization on May 1, 1959, made conditions unfavorable for

the production of organisms. Before fertilization, the
ponds were characterized by low nitrogen and phosphorus

concentrations, pH values near neutrality, low total
alkalinities, and dissolved oxygen concentrations near
saturation. After phosphorus and/or nitrogen fertilizers
were added to S2, 53, and 84, the chemical and physical con-

ditions in those ponds, especially in 55 and 84, were
altered considerably by the production of large quantities
of plankton organisms. As the organisms died and decomposed

in the ponds, dissolved oxygen became depleted in the bottom
water layers, and the ponds had a tendency to stratify both
chemically and thermally (Figures 5# 4, 8, 9, and 10 Such

conditions were particularly noticeable in 83 and 84 where
dissolved oxygen concentrations near the bottom remained
below 1.5 mg/14 for over two months. At the surface
dissolved oxygen concentrations in 83 and S4 seemed to

fluctuate considerably, depending on the rate of
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photosynthesis and the quantity of decomposing organic

matter in circulation (Figure 8). The changes that took

place in 82 were less pronounced than in 83 and 54. Dis-
solved oxygen near the bottom did become somewhat depleted

during June and July in 52 following brief population peaks
of diatoms and desmids (Figures 8, 13, and 16). As was

expected, total phosphorus concentrations increased during
the summer in 53 and 84 (Figure 10) and TKN in 32, 33, and

54 (Figure 9), The increases in the total alkalinity in
82, 33, and 84 during the summer (Figure 7) were probably

due to the increases in organic matter and the concen-
tration of bicarbonates by evaporation of water. Most of

the chemical changes in 81 could be attributed to the
supplementary creek water added during the summer. The

creek water apparently raised the total alkalinity
(Figure 7) and the calcium and magnesium concentrations

Table 4) in the pond. Changes in phosphorus and nitrogen

concentrations in Si, if any, were very small (Figures 9
and 10). The acceleration of biological activities in
32, 83, and 84 brought about by the addition of fertilisers
was responsible for many sudden and, at times, drastic
chemical and physical changes in those ponds. There is

little doubt that Chemical and physical conditions in each
pond varied considerably more than the limited amount of

data seemed to indicate.
The results of various biological measurements made
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before and after addition of fertilizer to the ponds indi-

cated that fluctuations in the zooplankton and the estab-

lishment of benthic organisms in each pond could be

explained, at least in part, by examining fluctuations in

the phytoplankton numbers and the photosynthetic rates.

For example, the high Pandorina counts in 34 on August 14

(6,948,000 colonies per liter) and October 7 (4,632,000

colonies per liter) were followed by sudden increases in

the numbers of zooplankters on August 28 (136,500

organisms per liter) and on October 26 (108,000 organi

per liter). Other examples of zooplankton "eruptions

following a period of high phytoplankton production were

observed in 32 and 33 (Figures 11-16): The fact that high

counts of certain phytoplankton organisms seemed to account

for the extremely high rates of photosynthesis in 33 and 34

has already been mentioned in a previous section. Photo.

synthetic rates and concentrations of organic matter were
not always so closely related. At times, high concen-

trations of organic matter were due to heterotrophic

organisms or to non-living organic material circulated to

the surface by wind action rather than to autotrophic

organisms (the phytoplankton). When that situation

occurred, it was possible for a pond with a relatively law

concentration of organic matter to have a greater rate of

photosynthesis than a pond with a higher concentration of
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organic matter. An example of this phenomenon occurred on

October 6-7 when S5 had a photosynthetic rate of 36.3

micromoles/1./hrs and a concentration of organic matter of
41.9 mg/1., while 84 had a higher photosynthetic rate
(46.8 micromoles/1./hr.) and a lower concentration of or-

ganic matter (36.2 mg/1.). In the ponds that received no
fertilizer or nitrogen alone (Si and 82), the only phyto-
plankton organisms present in any quantity were certain

diatoms and desmids, indicating that those organisms may

have been more tolerant of low phosphorus concentrations.

The data on benthie organisms clearly showed that the

ponds without phosphorus enrichment (Si and 82) were

unable to support a large community of benthic organisms
(Tables 7 and 6), While in contrast, the ponds receiving
phosphorus enrichment (S3 and 34) supported a large number

of benthic organisms (Table 6). Although benthic organisms

became abundant in both 53 and 8.4 by September (Table 6),

their establishment progressed more rapidly in 54 than in

83 (Table 7). It appeared likely that the large amounts
of fertilizers applied to 84 stimulated sufficient phyto
plankton production in June to account for the early
abundance of benthic organisms in the July bottom samples.

This explanation was partly verified by the extremely
high Nieractinium counts in 84 during June (Figure 16).
Unfortunately, techniques for the determination of



photosynthetic rates and concentrations of organic matter
were not worked out until July and August as measurements

for June would have helped to explain the establishment of
benthic organisms in S3 and 84. Isaac (10) has found that
the production of adult bluegills was considerably higher
in 84 than in 81, 82, or 83 and that the adults appeared to
be feeding primarily on benthic organisms. From these

observations, the high fish production in 34 could be
explained by an abundant supply of benthic organisms as

fish food organisms for a longer period in 84 than in the
other ponds.

There was a strong indication that the addition of
large quantities of fertilizer to 84 and the subsequent
high production of organic matter may have been responsible

for aggregating and precipitating suspended colloidal soil
particles, thus increasing light penetration in the pond by
reducing turbidity. Irwin and Stevenson (9, p. 47-52) have

demonstrated that organic matter plays an extremely impor..
tent and complex part in flocculating suspended colloidal
clay in water, and also, that many ionizable substances
serve as coagulants of dispersed clay. Their findings
suggested that the quantity and quality of organic matter
produced in 34 may have been sufficient to cause the

decrease in inorganic ash concentration and the increase in
transparency observed in early October. Also the increased



cation concentrations (calcium and magnesium) in S1 brought
about by creek water added during the summer could have

been partly responsible for the reduction of turbidity in
that pond. It was recognized, however, that these infer-.
ences were based on rather meager data and, at best, only
a crude index to inorganic soil turbidity (calculated
inorganic ash concentrations).

Stomach analyses of juvenile bluegills indicated that
fish weighing between 100 and 600 milligrams consumad

large numbers of sooplankters when available. It was sur.
prising to find as many as 2,000 Bosmina in fish stomachs

from 32 since the Bosmina counts for 82 were rarely above
15 organisms per liter. The crustaceans at times, may
have been more abundant at the bottom of a pond than near

the surface where organisms were sampled for counting.

There could be no doubt, however, that juvenile bluegills
were capable of efficiently utilising significant quanti
ties of the available zooplankton. The limited amount of
data suggested that more study should be made of the
feeding habits of newly hatched pond fishes in relation to
plankton production stimulated by the addition of ferti-
lisers.
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APPENDIXES



Appendix A. Number of Plankton Organisms per Liter of Water in the
Soap Creek Ponds, April through October 3.959

April 18 Zooplankton
Brachionus
Cyclops

May 23 Zooplankton
Bosmina
Brachionum
Cyclops

Phytoplankton
Chlamydomonas
Cryptomonas
Diatoms
Etudorina
Euglena
Pandorina

June 8 Zooplankton
Asplanchna
Bosmina
Brachionus
Conochilus
Cyclops
Uratella

Phytoplankton
ChlamydomonaS
Diatoms
Ruglena
Micractinium
Pandorina

4110

36

369
2

trace

13
6

1,140
2

trace
575,100

7,762,900

3

abundant*
abundant*

2,084
abundant*

trace

23

3,000,960

3
170

5

125,040
16,838,720 m

119,660 CA

Date Organism Pond $1 Pond S2 Pond S3 Pond S4

2
27
1



Appendix A cont.

June 20 Zooplankton
Asplanchna
Bosmina
Brachionus
Conochilus
Cyclops

Phytoplankton
Chlamydomonas
Cosmarium
Cryptomonas
Diatoms
Euglena
Micraetinium

Zooplankton
Asplanchna
Boamina
Brachionus
Chydorus
Cyclops
Diaphano soma

Phytoplankton
CoamariuM .
Cryptomonas trace
Diatoms -
Pandorina .
Staura strum trace

238
14

41 13
5 7 4

56 150

2

1,558,832
1,971,464 .11111,

1,810,996
1,352,516

1,512,984 trace
2,869,668

106 84
7

1 4
6 2

31

364,700
183,392 153,174

78,150
1111, 393,876

Date rganism Pond Si Pond 52 Pond 83 Pond S4
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Zooplankton
Asplanchna
Bommina
Brachionus
Chydorus
Cyclops
Diaphano soma

Phytoplankton
Crwtomonas
Diatoms
Pandorina
Staurastrum
Trachelomonas

o lankton
Asplanchna
Boamina
Brachionus
Chidorus
Cyclops
Keratella

Phytoplankton
Closterium
Dindbryon

lens
or Mt

o alodia
Trachelomonas

trace
trace
trace

100,032

691

trace

2,432
13,896

155

150,048

16

trace

trace
trace
trace

21,320

62
10

582
6
9

trace
93,780

3 11
16,308 9,450

3
2 4

283,710

6,266 trace

Date Organism Pond 31 Pond 32 Pond 83 Pond 34

July 17

Jul

155

trace
OR

50,016

a



Appendix A cont.

5
16.310,000

471

87,000
49,000

1.361.000

867.000

*NI

775,000
28,950

19.670
24.280

11,590 trace
19,670

trace
57,900

Pond Pond 32 Pond 33 Pond 84

1.042 2
695 62

10
4 7

44,293,500 14.668,000
67,550

13,794
42,460 6,369 6,948,000

trace
trace 23.353

29,722

Date Organism

Aug. 14 Zooplankton
Asplanchna
Boamina
Chydorus
Cyclops

Phytoplankton
Cryptomonas
Diatoms
Dinobryon
Pandorina
Phacus
Staurastrum
Trachelomonas

Aug. 28 Zooplankton
Asplanchna
Besmina
Chydorus
Cyclops
Laratalle
Pol hra

Phytoplankton
Closterium
Cryptomonas
Diatoms
Dinabryon
EUglona
Pandorina
Phacus
Staurastrum
Trachelamonas



Appendix A cont.

lankton
Asplandhna
Bosmina
Brachionus
Cyclops
Polyarthra

Phytoplankton
Cr7ptOmonas

lena
andorina

Phacus
Rhopalodia
Staurastrum
Trachelomonas

Zooplankton -

Asplandhna
Bommina
Brachionus
Chydorus
CrIXops

Phytoplankton
Cryptomonas
Euglena
Gymnodinlum
Pandorina
Rhopalodia
Staurastrum
Trachelomonas

23,160

WO

OW

590,580 463,200
trace 146,680

trace trace
26,064
10,422 trace

46,320OW

41111

5
NO

15,720
347

782
1,651

2,123,000 abundant*

868,500

386,000 trace

39
30
11

3
13

40 723,000 2

965,000

702.000

abundant*
4,632,000

60 1
518 21

2
1

19,000

Date Organism Pond Si Pond 52 Pond 83 Pond 84

Sept. 14

Oct.
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Oct. 26 Zocplanktón
Asplanehna
Bosmina
Cyclops
Pol bra

Phytoplankton
Oryptomonas
Diatoms
Buglena
G7mnodinium

andorina
Mamie
Bhopalodia
Tracbolomonas 8

adib

OOP

trace
IN*

* Organisms numerous but no counts available.

15

11,580

trace
trace

86,850

4
590

10

8,106,040

OW

458,375

108,000

abundant*
102,672

im*

Date Organism Pond 51 Pond 32 Pond 33 Pond 34



Appendix B, pH Values. Soap Creek Ponds,
February 7 1959. to October 20 1959

Date

Feb 7

Feb. 16

Feb. 29

May 23

una 26

July 23

Aug, 13

9

Sept. 18

Oct. 6

20

Depth Pond 81 Pond 82 Pond 85 Pond 84

Surface 7.4 7,1
Bottom 7.2 6,9

Surface
Bottom . +

Surface 6.9 6.9 7,0 7.1
Bottom 6.9 6,9 7,0 7.0

Surface 7.1 6.9 6.9 6.8
Bottom 6.8 6.6 6.4 6.6

Surface 8.2 8.6 7.0 9.8
Bottom 7.9 8.0 6.7 6.9

Surface 7.9 7.3 7,0 7.0
Bottom 7,9 6.8 7,0 7.0
Surface 9.0 7.6 8.8 9.2
Bottom

Surface 8.9 7.2 6.9 9,5
Bottom 8.8 7.1 6.8 8.1
Surface 9,1 7,9 9.0 7.8
Bottom

Surface 8.9 7.7 9.3 10.2
Bottom 9,0 7.3 7.3 8.0
Surface 8.9 7.7 7.8 8,2
Bottom

Surface 8,0 7.1 6.9 8.7
Bottom 8.0 7.2 6.9 8.6



Appendix C. Total Alkalinity Concentrations (expressed
as mg/l. CaCO3), Soap Creek Ponds,
February 7, 1959, to October 20, 1959

Date Depth Fond 81 Pond 52 Pond 53 Pond 54

Feb. 7

Feb. 16

Surface
Bottom

Surface

16
16

14
13

Bottom 12

Feb. 29 Surface 13 1 12 14
Bottom 14 13 12 15

23 Surface 22 20 19 23
Bottom 21 22 20 43

June 26 Surface 55 22 21 27
Bottom 54 23 37 90

July 23 Surface 59 26 24
Bottom 59 48 33

Aug. 19 Surface 80 33 41
Bottom 87 4 42 35

Sept. 18 Surface 90 35 83 51
Bottom 9 3 45 5

Oct. 20 Surface 78 28 44 34
Bottom 45 33



Appendix Dissolved Oxygen Concentrations (mg/
Soap Creek Ponds, May 23* 1959. to
October 20* 1959

ond $3 Pond 54

jUne 26 Surface 8.5
Bottom 8.0

ul 2

Surface
Bottom

Surface 80
Bottom 7,7

Surface 8.9
Bottom 8.9

Sept. 18 Surface 9.7
Bottom 9,7

Oct. 20 Surface 10,2
Bottom 9.6

ug 19

74

7.1 8.0 9.0

9.2 5.5 14.6
2.7

7.0 8.6 4.8
0.1 0.0 0.0

7:8 3.6 11:0
6.9 0,1 1.5
9.4 10.0 20.1
8.1 5.7 5.7

9.2 4.4 8.0
8.8 2.0 4.8



March Surface 0.14 0.14 0.14 0.14(.0.5)* -0.5)* .p.5)*
Bottom

Surface .0.6* 0.9 0.8 2.0
Bottom -0.5* 1.1 0.5 2.9

une 26 Surface ..0.5* 1,0 1,7
Bottom -0.5 1,3 1.6 2.7

JUly 23 Surface -0,5* 0.7 0,6 0.7
Bottom -0.5* 11.3 0.7 4.7

Aug, 19 Surface -0,5* 1.6 2.7 4.4
Bottom -0.5* 1.7 2.3 3.4

Sept. 18 Surface -0.5* 1.7 2,6 11.2
Bottom .-0,5* 1.9 2.1 4.9

t 29 Surface -0,5 1.4 2.3 2:4
Bottom 0.50 1.5 3.0 2,7

* Less than O. me,/

Appendix B. Total Ejeldahl Nitrogen I.)
to October 29, 1959
Soap Creek Ponds, March 28, 1950,



Appendix F. Total Phosphorus Concentrations (mg/1.)
Soap Creak Ponds, February 7, 1959,
to October 20, 1959

Feb. 7 Surface 0.08 0,10 0.04
Bottom 0.09 0.10 0.14 0.10

2 Surface 0.06 0.062 0.10 0.275
Bottom 0.05 0,062 0.052 0.805

June 26 Surface 0 0.010 0.061 0.125
Bottom 0.021 0.005 0.060 0.950

Jul 23 Surface 0,030 0.010 0.060 0.073
Bottom 0.030 0.018 0.029 0.720

Aug. 19 Surface 0.040 0.032 0.290 0.770
Bottom 0,038 0.010 0.120 0.228

Sept. 18 Surface 0.037 0.040 0.122 0.790
Bottom 0.075 0.122 0.215

Oct. 20 Surface 0.038 0.040 0.081 0,408
Bottom 0.050 0,058 0.028 0.308




