
SUMMARY

1. The native fishery of Arkansas environmentally degraded delta
region has essentially been lost to intensive agricultural endeavor and
federal water management projects while accompanying dredging,
drainage, and agricultural pollution have reduced recreational oppor­
tunities to a fraction of the former potential.

2. The need for outdoor recreation has increased more rapidly than
the human population. The problem: More fishermen and fewer fishable
bodies of water.

3. The solution: Replace the native fishery (streams and overflow
lakes) with man-made reservoirs designed for absolute topographic
isolation from unfavorable environmental factors.

Natural lakes in the delta to be managed only on a "short term" basis.

CONCLUSIONS
Much effort and material expense can be put forth in an effort to

restore a native fishery in a ruined environment with extremely low
returns. The angler must be acclimatized to the fact that attempted
maintenance of a fishery that has been lost through environmental de­
struction can be extremely extravagant and that the answer to meeting
his recreational needs lies in a somewhat unique man-made substitute.

A satisfactory substitute for the native fishery can best be provided
in heavily farmed delta regions in eastern Arkansas with the topogra­
phically isolated reservoir.

THE EFFECTS OF INORGANIC FERTILIZERS AND
ORGANIC MATTER UPON THE PRODUCTION OF

MACROBENTHOS IN PONDS 1

By RICHARD A. COLLINS
State College of Arkansas

Conway, Arkansas

INTRODUCTION

Numerous investigators, including Smith and Swingle (1939), Surber
(1943), Swingle (1947), and Ball (1949), have demonstrated an in­
crease in fish biomass in North America associated with the addition
of inorganic fertilizers to ponds. These same authors and others re­
ported increases in phytoplankton after the addition of inorganic nu­
trients, a phenomenon so well established that it is common practice in
pond management today.

Patriarche and Ball (1949) used four ponds, two fertilized and two
unfertilized, in a study of the effects of fertility on the increase of
benthos. A definite increase was shown in only one of two fertilized
ponds.

Howell (1941) reported an increase in benthos in one pond fertilized
for three years in comparison to an unfertilized pond. However, Howell
observed that the concentration of bottom organisms increased in the
experimental pond as the water level of the pond decreased.

McIntire and Bond (1962) more clearly demonstrated that both
plankton and benthos were increased by the use of inorganic fertilizers.
When compared to a control pond, nitrate plus phosphate distinctly in­
creased the benthos in two experimental ponds.

1 This paper is a part of a doctoral dissertation submitted to the Graduate School, Southern
filinois University. in partial fulfillment of the requirements for the degree of Doctor of
Philosophy.
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In each of the studies by Patriache and Ball (1949), Howell (1941),
and McIntire and Bond (1962), filamentous algae and higher plants
were not controlled. The growth of these plants occurred in various
densities and at various times during the studies.

An increase in the density of benthos has been shown to be associated
with an increase in organic material (Harp and Campbell, 1964; Burgess,
1965). Harp and Campbell killed aquatic vegetation with a herbicide
(Silvex) in plastic enclosures placed in a pond containing dense vegeta­
tion. As organic matter from the dead plants accumulated on the bottom
of the enclosures, a corresponding increase in benthos occurred.

Burgess (1965) studied the macroinvertebrates of five Florida lakes
of similar geologic origin and the results of the study were grouped
according to the bottom types. Burgess observed that benthic organisms
were confined to rather well-defined bottom types and that productive
capacity varied with the degree of sedimentation. There was some indi­
cation that the physical texture or firmness of the substrate was one
of the determining factors, if not the most important. The substrate
appeared to be the cause of failure of most invertebrate forms as
fertility increased.

From the above studies, it seems that general productivity is increased
in aquatic environments when fertility is increased. It is unclear whether
higher densities of macrobenthos result from a simple increase of
plankton density or whether organic matter from higher plants is neces­
sary in the food chain. The present study is an attempt to determine
whether inorganic fertilization will increase benthic productivity when
filamentous algae and higher plants are controlled and whether organic
matter alone will increase benthic productivity.
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METHODS AND MATERIALS
Eight experimental ponds, located below the dam at the Carbondale

City Reservoir, Carbondale, Illinois and three hatchery ponds, located at
Little Grassy Fish Hatchery, 10 miles southeast of Carbondale, were
used for the present study. Each of the ponds at the city reservoir was
approximately one-tenth acre and the depth of the water was 3 feet
at one end and increased gradually to 4 feet at the other end. The ponds
at Little Grassy Hatchery each had approximately a one-third acre
surface area and the depth of the water increased gradually from 3.5
feet at one end to 5 feet at the other end.

On April 18, 1967, the ponds listed above were treated experimentally
according to the following design:

Pond
location

Pond
number

1 Control
2 Control

Treatment

10 Inorganic fertilizer added

11 Sewage sludge spread over entire
bottom of pond

5 Inorganic fertilizer
6 added

7a 2/3 pond bottom covered with
sewage sludge

7b 1/3 of pond bottom not covered with
sewage sludge

12 1/2 cubic yard of sewage sludge
scattered over pond bottom 1

9 Control

Below Carbondale
City Reservoir

Little Grassy
Hatchery

3

4

Ground corn cobs spread over
entire pond bottoms

Hydrated lime was added to any pond in which the methyl orange
reading was below 50. Bennett (1962) recommended a minimum methyl
orange reading of 40.

It was determined by pilot studies in 1966 that diuron (Karmex),
used at the beginning of the growing season, would prevent the growth
of filamentous algae and higher plants without preventing the growth
of plankton. Diuron was added at the rate of one pound per surface
acre to each pond at the time they were filled.

Each pond was innoculated with bottom muds from two lakes and
one pond.

Soil samples were taken from each pond prior to filling with water
and phosphorus and potassium contents were determined.

Those ponds which were treated with inorganic fertilizers received
an initial treatment of 6-24-24 at the rate of 150 pounds per acre. Sub­
sequently, these ponds were treated with triple super phosphate at times
when the plankton density began to decrease. On the average, fertilizer
was added once a month.

Stratified random bottom samples were taken from each pond every
two weeks from May 1 through October 15, 1967. The samples were

1 Pond 12 WllB Bet up and treated on August; 1, 1967.
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taken with a 6 by 6 inch Ekman dredge and formalin was added to
each sample immediately. The organisms were partially separated from
the detritus in the samples by sieving and by flotation. Later, the
organisms were individually picked out of the remaining detritus and
preserved in 700/0 alcohol.

Plankton densities were determined by the use of a Sedgwick-Rafter
counting cell as described by Welch (1948).

RESULTS
The diuron was effective in controlling plant growth other than phy­

toplankton. One exception was in pond 11 where the aquatic sedge,
Eleocharis acicularis, grew to the extent that it covered the bottom of
the pond.

Ponds 3 and 4, which contained corn cobs, underwent severe changes
due to the decay of the cobs. Initial decay of the fresh organic material
was expected, but the massive decay period lasted approximately 4
months. The ponds were void of oxygen and had a high level of hydrogen
sulfide. The plankton and benthos populations were reduced to zero in
some samples and to very low densities in others (Tables 1 and 2).
Although the ponds recovered from the massive decay during the last
two months of the experiment, as revealed by measurable oxygen,
plankton, and benthos demdties, the data from these ponds did not seem
meaningful when compared to the data from the other ponds.

An interesting observation of the initial plankton populations in ponds
3 and 4 was that dense populations of large zooplankters developed
without any prior development of phytoplankters. The zooplankters were
mostly large Copepoda and Cladocera.

Pond 6, containing inorganic fertilizer, was turbid with clay during
most of the study period and this pond exhibited lower plankton and
benthos densities than did pond 5. Apparently the clay turbidity was
caused by the presence of crayfish.

The plankton density averaged higher in the fertilized ponds and in
the ponds containing organic matter than it did in the control ponds
(Table 1). Plankton densities in all ponds were low compared to those
obtained by Ball (1949).

All the ponds containing sewage sludge had higher benthos densities
than did either the controls or the fertilized ponds (Table 2). The ferti­
lized ponds had higher benthos densities than did the control ponds with
the exception of the turbid pond 6.

At the time that relatively few organisms were being found in the
central, flat bottom of the ponds containing cobs, incidental sampling at
the edges of the ponds in August revealed an abundance of chironomids.
The chironomid species were Chironomus fulvipilus Rempel, C. attenuatus
Walker, and Procladius sp., as determined by J. B. Stahl.

Chaoborus sp. were much smaller than any of the other organisms and
occurred sporadically in such large numbers that they appeared to have
an undue influence upon the results. Removal of the number of Chao­
borus from the results revealed a closer approximation of biomass. Table
2 shows totals and averages with and without Chaoborus. Large numbers
of Chaoborus occurred primarily in the ponds containing organic matter.

Of the variety of benthic organisms present in the ponds, the oligo­
chaetes were by far the most abundant, and this group tended to increase
more than any other group when fertilizer or organic matter was added
to a pond (Figure 1). After the oligochaetes, the groups of benthic
organisms in order of abundance were Chironomidae, Chaoborus, Cera­
topogonidae, and Ephemerotpera. A total of nine different groups of
benthos was present in the ponds.
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DISCUSSION
Burgess (1965) was of the opinion that the physical hardness of the

pond bottom was the most important factor limiting benthos production
as fertility increased. Soft bottom muds commonly contain organic
matter (Burgess 1965). Conversely, firm clay bottoms generally have
very little organic matter, therefore, a lack of benthos on firm bottoms
could be due to either the physical hardness or the lack of organic
matter.
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In the two sampling areas in pond 7, 7a had the consistency of the
bottom changed by covering the bottom with sewage sludge whereas 7b
remained a clay bottom with no additive. There was essentially no dif­
ference in the density of benthos in the two areas (Table 2).

In pond 12, the relatively small amount of sludge (0.5 cubic yard)
was scattered lightly over the pond bottom with the intention of not
adding enough to alter the consistency of the pond bottom. The results
showed a definite increase in benthos in pond 12 when compared to the
control and fertilized ponds. The results in pond 12 indicate further
that the organic matter per se plus whatever nutrients were present
were responsible for the increase in benthos as opposed to a changed
physical consistency of the bottom.

Ball (1949), and McIntire and Bond (1962) concluded that fertiilzation
increased benthos. It should be noted that Ball applied barnyard manure
at the rate of 1400 pounds per acre at the beginning of his experiment
and subsequently used inorganic fertilizers. In both of these studies,
filamentous algae were not controlled, and there was a dense growth
of algae in various ponds. The present study involved only inorganic
fertilizer, and filamentous algae were controlled. The results showed a
definite increase in benthos associated with the addition of fertilizers
when no higher plants or filamentous algae were present. The control
of vegetation other than phytoplankton was considered important be­
cause it gave a clearer indication of the direct association among in­
organic fertilizers, plankton, and benthos.

An increase in benthos density is not necessarily associated with a
similar increase in plankton density. In ponds 7 and 12, both containing
sludge, the benthos increase was relatively much greater than the plank­
ton increase. These ponds indicate that production of benthos may have
come as a direct result of food provided either directly or indirectly
from the organic material in the sludge instead of from a simple food
chain beginning with inorganic nutrients and going through plankton.
That benthic organisms can live by feeding upon decaying material
has been demonstrated in the laboratory. Chironomids, with only bits of
dead leaves or yeast as the ultimate source of food, are commonly reared
through several generations in the laboratory. Burgess (1965) stated
that fragments of vegetation in the early stages of decay supported ap­
proximately one-third more organisms than the living plants.

Lellak (1965) offered evidence that when the organic matter of muds
in natural lakes was determined quantitatively by measuring organic
nitrogen and carbon, no positive correlation existed between the amount
of organic material in the mud and standing crops of benthos. In the
same article, Lellak later stated that apparently an increase in fish
excrement on the bottom of fenced areas increased benthos. Those
seemingly paradoxical conclusions by the same author may indicate
that organic matter is important, but that there are different qualities
of organic matter and some kinds may increase benthos more than
others. Lellak also concluded that benthos, especially chironomids, were
dependent upon a continuous supply of fresh food descending from the
water column. Chironomids utilize planktonic algae directly (Provost
and Branch, 1959) and oligochaetes and chironomids utilize detritus
(Harp and Campbell, 1964).

As fresh organic matter decays, the density of benthos increases (Harp
and Campbell, 1964; Burgess, 1965). Decaying organic matter releases
inorganic nutrients and the nutrients in turn may increase plankton.
Furthermore, decaying organic matter is a direct source of food for
some organisms. The question is posed as to which of these two path­
ways is responsible for the increase of benthos when organic matter
decays. Results of the present study indicate that a combination of
plankton in the water column and organic detritus on the bottom both
contribute to the production of benthos. Apparently, benthic organisms
may subsist at the end of a food chain from inorganic nutrients to
plankton to benthos, or they may subsist in a detritus food web consisting
of decomposing organic matter, bacteria, fungi and protozoans.
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Inorganic fertilizers are sometimes added to ponds without an in­
crease in productivity or the amount of increase is less than would be
expected. An answer to this puzzling lack of increase in productivity
may be in the relationship between organic matter and inorganic
phosphorus. Published information in the fields of agriculture and
microbiology provide a postulate as to how organic matter may affect
the fertility of water, and the factors are discussed below.

Iron, aluminum, and magnesium are the elements that most commonly
combine with the phosphate to render it insoluble and unavailable to
plants for primary productivity (Dalton, et al., 1952; Himes and Barber,
1957; Khanna and Stevenson, 1962). Easily decomposed forms of organic
matter, such as glucose and sucrose, added to soil increase phosphorus
uptake and growth by plants. Oxidation of organic materials by micro­
organisms produces a series of organic acids such as tartaric, oxalic,
citric, etc. (Taylor, 1949). These organic acids are known to chelate
iron, aluminum, magnesium, and other multivalent cations. The chelation
may result in either (1) freeing of insoluble phosphorus already
present, or (2) preventing added soluble phosphorus from combining
with the multivalent cations (Hayes and Phillips, 1958). This described
relationship between phosphorus and organic matter could very well
explain how the addition of only organic matter could increase produc­
tivity in a pond in a manner other than by the organic matter serving
directly as food.

Pennak (1955) offered evidence indicating that zooplankters feed upon
products of organic decay (tripton), but Davis (1958) refuted Pennak's
conclusion and stated that zooplankters feed upon phytoplankton as in
the classic food chain. The early development of zooplankton populations
in the ponds containing cobs indicates that zooplankters may live on
tripton or associated decomposers. At least on a temporary basis, phyto­
plankton is not prerequisite for the development of some zooplankton
populations if certain organic materials are available.

The analysis of bottom soils as a part of a controlled pond experiment
is not frequently performed, but its results may be an important indi­
cator of the similarity or difference between ponds. In the control ponds
1, 2, and 9, there were differences in the densities of plankton and
benthos. Pond 9 had the highest available phosphorus in the soil and
produced the highest density of benthos. Pond 2 had the second highest
available phosphorus in the soil and produced the highest density of
plankton. Pond 9 had been fertilized the previous three years and pond 2
had been fertilized one year prior to the present experiment.

One weakness of the present study was the use of too large quantities
of ground corn cobs. The objective was to alter the consistency of the
pond bottom, but the decay was too massive and prolonged.

ACKNOWLEDGMENTS
Dr. William M. Lewis gave helpful guidance during the entire study

and criticized the manuscript. Dr. Neal D. Buffaloe and Mr. Ray Kinser
critically reviewed the manuscript and gave valuable suggestions.

LITERATURE CITED

Ball, Robert C. 1949. Experimental use of fertilizer in the production
of fish-food organisms and fish. Michigan St. ColI., Agr. Exp. Sta.,
Tech. Bull. 210. 28 p.

Bennett, George W. 1962. Management of artificial lakes and ponds.
Reinhold Pub!. Corp., New York. 283 p.

Burgess, J. E. 1965. Some effects of cultural practices on aquatic
environments and native fish populations, p. 225-235. In Proc. 19th
annu. S. E. Assoc. Game and Fish Comm.

Dalton, Joseph D., Glenn C. Russell, and Dale H. Sieling. 1952. Effect
of organic matter on phosphate availability. Soil Sci. 73 (3) :
173-181.

405



Davis, C. C. 1958. An approach to some problems of secondary pro­
duction in the western Lake Erie region. Limnol. and Oceanog.
3 (1) :15-28.

Harp, George L., and Robert S. Campbell. 1964. Effects of the herbi­
cide silvex on benthos of a farm pond. J. Wildl. Manage. 28 (2):
308-317.

Hayes, F. R., and J. E. Phillips. 1958. Lake water and sediment:
IV. Radiophosphorus equilibrium with mud, plants, and bacteria
under oxidized and reduced conditions. Limnol. and Oceanog.
3 (4) :459-475.

Himes, Frank L., and Stanley A. Barber. 1957. Chelating ability of
soil organic matter. Soil Sci. Soc. Amer., Proc. 21 :368-373.

Howell, Henry H. 1941. Bottom organisms in fertilized and unferti­
lized fish ponds in Alabama. Am. Fish Soc., Trans. 71: 165-179.

Khanna, S. C., and F. J. Stevenson. 1962. Metalloorganic complexes
in soil: I. Soil Sci. 93 :298-305.

Lellak, Jan. 1965. The food supply as a factor regulating the popula­
tion dynamics of bottom animals, p. 128-606. Int. Assoc. of Theore­
tical and Applied Limnology. Symp. 13: Factors that regulate the
size of natural populations in fresh water. Stuttgart, Germany.

McIntire, C. David, and Carl E. Bond. 1962. Effects of artificial
fertilization on plankton and benthos abundance in four experimental
ponds. Am. Fish. Soc., Trans. 91 :303-312.

Patriarche, Mercer H., and Robert C. Ball. 1949. An analysis of the
bottom fauna production in fertilized and unfertilized ponds and
its utilization by young-of-the-year-fish. Michigan St. Col1., Agr.
Exp. Sta., Tech. Bull. 207. 35 p.

Pennak, R. W. 1955. Comparative limnology of eight Colorado moun­
tain lakes. Univ. Colorado Stud., Surv. BioI. 2:1-75.

Provost, Maurice W., and Nina Branch. 1959. Food of chironomid
larvae in Polk County lakes. Florida Entomo1. 42 (2) :49-62.

Smith, E. V., and H .S. Swingle. 1939. The relationship between
plankton production and fish production in ponds. Am. Fish. Soc.,
Trans. 68 :309-315.

Surber, Eugene W. 1943. The effects of various fertilizers on plant
growths and their probable influence on the production of small­
mouth black bass in hard-water ponds. Am. Fish. Soc., Trans.
73 :377-393.

Swingle, Homer S. 1947. Experiments on pond fertilization. Ala.
Poly. Inst., Agr. Exp. Sta. Bull. 264. 34 p.

Taylor, C. B. 1949. The effect of phosphorus on the decomposition of
organic matter in fresh water. J. Appl. Bact. 12:96-99.

Welch, Paul S. 1948. Limnological methods. Blakiston Co., Phila­
delphia. 381 p.

406


