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ABSTRACT

The paper presents data on primary productivity and phytoplankton com-
munities in new experimental ponds which reecived the following treatments;
ammonium nitrate and triplesuperphosphate, triplesuperphosphate, cracked
corn (109, crude protein) and Auburn No. 3 fish feed (36", crude protein).
Comparative data on algal communities were also obtained from production
ponds which received feeds or fertilizers. Basic ecological data on macro-algae
are also presented,

1. All nutrient additions to experimental ponds resulted in higher levels of
gross photosynthesis and greater concentrations of chlorophyll @ than were
found in the control treatments. Fertilization with both nitrogen and phospho-
rus gave the highest values, Chlorophyll @ and gross photosynthesis were higher
in ponds receiving high protein content feed (Auburn No. 3) than in ponds to
which low protein content feed (corn) was applied.

2. Persistent blooms of blue-green algae occurred in ponds receiving nitrogen
and phosphorus fertilization. Phosphorus only fertilization produced blooms of
blue-greens, but these blooms did not persist as in the ponds to which nitrogen
was also added. Control ponds were dominated by «reen algae. Blue-green algac
were seldom abundant in feed treatments.

3. Production ponds had high level of gross photosynthesis and large concen-
trations of chlorophyll a.

4. Many of the production ponds which received feed applications developed
heavy blooms of blue-green algac.

5. The major species of blue-green algae observed in the present study were
Oscillatoria sp., Raphidiopsis curvata, Anacystis nidulans, A. acruginosa, Spirulina sp..
and Anabacna circinalis. Heterocyst bearing forms, which can presumably fix
nitrogen, were scidom noted in ponds that received continuous additions of
nitrogen from fish feeds.

6. Macro-algac are abundant in many fish ponds, Data illustrating the com-
petition of macro-algac with phytoplankton are presented.

*This research supported by Project AID/esd 2780 to the International Center
for Aquaculture, Auburn University.
Received Dec. 4, 1971,
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INTRODUCTION

Additions of fertilizers or supplemental feeds to fish ponds are
beneficial by increasing fish yields (SWINGLE, 1947, 1968a). How-
ever, in some ponds, the nutrients contained in feeds and fertilizers
cause excessive phytoplankton production. Nitrogen and phos-
phorus are nutrients generally considered most limiting to phyto-
plankton growth, although recent work (Kuextzer, 1969; LANGE,
1970) indicates that bacterial production of CO, from carbon
compounds may stimulate growth of Dlue-green algac. Heavy
blooms of phytoplankton sometimes cause environmental changes
which are deleterious to fish populations. These blooms absorb and
reflect heat and light, resulting m shallow thermal and chemical
stratification in ponds (BEAsLEY, 1965). Upwelling of oxygen de-
ficient waters caused by cold air masses, heavy winds, or cold rains
may lead to oxygen depletion and fish kills (SwiNxGLE, 1968D).
Shallow stratification is frequently associated with bluc-gizen
algac blooms which may occur at the surface as a scum. Further-
more, blue-green algac may be directly toxic to other aquatic
organisms (Smvro, 1967). Some species produce carthy-smelling
substances (SAFFERMAN ct al,, 1967) which possibly cause off-
flavors in fish flesh (Ascuxer, Lavexter & Cnorin-Kirscn, 1967).

Macroscopic, filamentous algac such as Spirogyra, Rhizoclonium,
and Pithophora are also troublesome in fish ponds. Although the
term filamentous algac is frequently used when referring to this
type of vegetation, many phytoplankters are filaments. The term
“macro-algac™ will be used in this report with reference to macro-
scopic algae. Fertilization carly in the scason to produce dense
phytoplankton blooms frequently shades the pond bottom and pre-
vents the growth of macro-algac (Smrrin & SWINGLE, 1942; SWINGLE,
1947; Dexpy, 1963). Various herbicides are also used to control
macro-algae (MutrLiGan, 1969). Control techniques are not al-
ways effective and overabundance of macro-algac occurs in many
ponds.

Although problems associated with algac are widely recognized
by pond fish culturists, little is known about the ecology of phyto-
plankton and macro-algae in ponds. Ponds situated side by side
and subjected to the same management procedures may develop
widely different algal floras. Thus, one cannot predict which ponds
will develop blooms of blue-green algae or which ponds will have
large macro-algac communities. The present report concerns
ghytoplankton communities that developed in experimental ponds
recciving different treatments of fertilizers and feeds. Information
resulting from a survey of algal communities and productivity in

358



a number of other fish ponds are also presented. Although these
findings are basically descriptive, they allow insight inte the types
of algal communities and the magnitude of primary production in
fish ponds which receive feeds or fertilizers. Additional research on
the dynamics of algal populations and ecologically sound methods
of plant control are badly nceded.

MATERIALS AND METHODS

Experimental Studies of Phytoplankton

Fifteen newly constructed earthen ponds were used in the study.
This block of ponds is located on the Auburn University Fisheries
Research Unit, Auburn, Alabama. Ponds had a maximum depth of
1.7 m and an average depth of 1 m. Surface arcas ranged from
0.022 to 0.066 ha, but most ponds were 0.040 ha in area. Pond
bottoms were constructed from soils of the Cecil series (HopGkixs,
1965) which were excavated from a nearby hillside. The soil was a
silty clay containing large amounts of highly wecathered mica
schist. The soils were essentially Cevoid of organic matter. Each
pond was cquipped with a stand pipe and water inflow valve.
Water levels were usually maintained within 15 cm or less of the
top of the stand pipes. The water supply was a nearby strecam
whose watershed was in the Piedmont Province. Ponds were filled
between May 7 and 12, 1971. Channel catfish (Ictalurus punctatus)
fingerlings were stocked at the rate of 4,500/ha on May 11, 1971.
Fish feed and fertilizer applications were begun on May 12. A high
protcin and a low protein content feed was used; Auburn No. 3
fish feed — 469, crude protein (PRaTHER & Loverr, 1971) and
cracked corn — 10%, crude protein (Morrisox, 1961). Fertilizer
materials consisted of commercial triplesuperphosphate (46°,
P,0;) and ammonium nitrate (34% N). Fertilizers were applied
by broadcasting the materials by hand over the entire surface of
the ponds. Feeds were always cast into the same general arca of the
ponds. The experimental design and rates of application of feeds
and fertilizers are outlined in Table 1.

After initial filling, ponds were very muddy and most ponds
remained turbid for 3 to 6 weeks. Therefore, the full sampling
program was not initiated until July 1, although some observations
were made carlier. Primary productivity measurements were made
six times during the study. Productivity bottles were filled with
water collected from 0.3 m depth with a polyethylene hottle. Light
and dark bottles were incubated for 24 hours at 0.3 m depth.
Oxygen concentrations in light, dark, and initial bottles were
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Fig. 1. Water sampler used in obtaining a 90 cm column of water. (Scale
1:7.5 cm).
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Table 1. Rates of application of fertilizers and feeds to experimental ponds
used for studics of phytoplankton communities during 1971,

Ponds Materials applied Frequency
of application

F-68, E-76, M-24 19,45 kg/ha triplesuperphosphate ‘46% Pa 05) 15 day
26,40 kg/ha ammonium nitrate (347 N) intervals
E-72, E~74, M-21 19. 45 kg/ha triplesuperphosphate 15 day
intervals
F-67, M-18, M-19 Auburn No. 3 fish feed (467 crude protein) 6 days/week

May 12 to May 30 - 1,46 kg/ha

May 31 to July 11 - 6,74 kg/ha

July 12 to August 9 - 13,47 kg/ha
August 9 to September 20 - 26,95 kg/ha

E~73, M~16, M-17 Cracked corn /1105 crude protein) 6 days/weck
Same rates as Auburn No. 3

E-70, E-75, M-23 Control

determined by the standard Winkler titration (AMERICAN PusBLIC
HeaLtH AssociaTioN, 1971). Gross photosynthesis was calculated
from the differenct in oxygen concentrations in light and dark
bottles, while respiration was calculated from decreases in oxygen in
dark bottles as compared to initial bottles (AMERICAN PusLic
HEeALTH AssociaTioN, 1971).

Water samples for phytoplankton, turbidity, and chemical analy-
ses were taken at the deep ends of ponds with a 90 cm water column
sampler (Fig. 1). The device consists of two lapped brass tubes:
1. A 5.4 cm diameter outer tube with scaled bottom that is fitted at
the top with one horizontal handle. The outer tube has five 2x 15
cm openings arranged vertically along one side. 2. An open bot-
tomed insert tube which also has five 2 x 15 cm openings that are
spaced the same as the openings in the outer tube. The top of the
insert tube has a cap fitted with a short 1.5 cm diameter tube which
serves as a spout. With the insert placed into the outer tube, the
handles were positioned so that the vertically spaced openings in
the insert and outer tube did not match, thus closing the sampler.
The sampler was immersed with care to avoid disturbing the water
and filled by moving the handles apart until the openings in the
insert and outer tube corresponded. Closing was accomplished by
returning the handles to the former position. The water was poured
from the tube through the spout at the top of the insert.

Chlorophyll g, turbidity, and phytoplankton analyses were
usually made at weekly intervals. Samples for chlorophyll a de-
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terminations were filtered onto 0.45 x HA millipore filters. Filters
were extracted with 90%, buffered acetone in a tissue homoginizer.
After centrifugation, the chlorophyll a content of extracts was
estimated spectrophotometrically (GOLTERMAN & Crymo, 1969).
Turbidity was estimated with a Hach Chemical Co. Model 2100
turbidimeter. The simplified Lackey drop-sedimentation method
(AMmerIcAN PuBLic HEALTH ASSOCIATION, 1971) was used for
phytoplankton evaluation. Analyses for total alkalinity, total
hardness, inorganic phosphorus, nitrate, and ammonia in pond
waters were made on five occasions by standard techniques out-
lined in AMERICAN PubLic HEALTH AssociaTion (1971). Samples
for chemical analyses werc always collected at least 12 days after
the previous fertilizer application.

A second cxperiment was designed to evaluate the growth re-
sponse of phytoplankton communities in plastic pools to various
nutrient additions. Thirty-five, 3.05 m diameter plastic pools were
filled to 0.72 m depth with well water. The following treatments
were used in each of five pools: control, phosphorus, nitrogen -+
phosphorus, Auburn No. 3 fish feed, cane sugar, sugar + phos-
phorus, and sugar + nitrogen + phosphorus. Weekly additions of
7.0 g triplesuperphosphate, 9.0 g ammonium nitrate, and 75 g
sugar and Auburn No. 3 were made to appropriate pools. Initially,
well water contained 40.5 mg/l free CO,, but after standing for
1 week, levels were below 1 mg/l. Nutrient applications were ini-
tiated at this time. Well water contained 0.012 mg/l PO,-P,
0.072 mg/l NO,-N, and 0.16 mg/l NH;-N. Occasional additions of
9 to 3 cm of well water were necessary to replace evaporative losses
from pools. Water samples were taken on three dates for estimation
of phytoplankton density by chlorophyll 2 measurement.

Survey of Phytoplankton in Managed Ponds

Two series of ponds were studied. S ponds ranged in size from
0.79 to 8.90 ha. These ponds were constructed between 1944 and
1948 and were subsequently used in various fish culture experiments.
During the summer of 1971, nine of these ponds contained catfish
(Ictolurus spp.) cultures and received supplemental feeds. Three S
ponds contained centrarchid populations and were fertilized. The
series of R ponds was 0.04 ha in surface area. These ponds were
constructed in 1966 and have since been used in various fish culture
experiments. In 1971, these ponds were stocked with catfish which
received feeds. Fourteen of the R ponds were aerated with sub-
merged forced-air blowers. All feeds contained 469, crude protein
(7.35% nitrogen) and 0.639%, phosphorus and were applied 6 days
per week at a rate of 3%, of the weight of fish, adjusted monthly for
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weight gain. Fertilization of three S ponds consisted of monthly
additions of 19.45 kg/ha of triplesuperphosphate and 24.35 kg/ha
of ammonium nitrate.

Water samples were taken from S ponds at 2-weeck intervals
between July 5 and September 5, 1971. R poad samples were
zollected on August 4 and 19, 1971. These samples were obtained
with the sampling tube (Fig. 1) and nsed for nutrient, phyto-
plankton, and chlorophyll a analyses. Primary productivity me-
asurements in ecight S ponds were made on cach sampling date by
essentially the same procedures used in the experimental ponds.
The bottles were suspended at 0.2 m depth intervals and incubated
for 4 hours during the period 9:30 a.m. to 2:30 p.m. Corrections
to full-day photosynthesis were made by multiplying photo-
synthesis values by the ratio of daily surface solar radiation: surface
solar radiation during the 4-hour incubation (SCHINDLER & HoLm-
GREN, 1971). Surface solar radiation was measured with a Weather-
measure Corp. Model R401 mechanical pyranograph. Respiration
for 24 hours was considered six times the 4-hour values.

Macro-algae Studies

Data on occurrence of various macro-algae in farm ponds of
central and southcentral Alabama and Mississippi were obtaincd in
conjunction with a study conducted in 1965 (Boyp & LAWRENCE,
1966). Ponds were lccated on the Piedmont, Sand, and Clay Hills,
and Black Belt physiographic regions.

A block of 72 ponds, mostly 0.04 ha in size, on the Fisheries
Research Unit were visited five times during the period May 21—
August 25, 1971. Species occurrence and percentage coverage by
cach species was determined. Ponds were rectangular, so a grid
system was used in tracing areas containing macro-algac onto
maps of ponds. Percentage coverage of pond bottoms (some algac
floated on top, some grew on or attached to the bottom, while
others occurred at intermediate depths) was calculated from the
maps.

Samples of Pithophora for standing crop cstimations were harvested
by carefully placing a 1.0 x 1.0 x 0.05 m hardware cloth basket
beneath the mat and lifting it to the surface. Standing crop estimates
of other algae were obtained by removing all plants from a 0.43 m
diameter x 0.25 m high sheet metal cylinder which was positioned
into the mat. Three to five samples were obtained for each popula-
tion. Dry weights were determined by heating the samples at 80°C
in a forced-air oven. Production data for Pithophora were obtained
at ponds in Montgomery Co., Alabama. Other populations werc on
the Fisheries Research Unit or in the vicinity. Photosynthesis
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estimations were obtained by the oxygen light-dark Lottle technique
using weighed quantities of macro-algae and correcting for phyto-
plankton photosynthesis and respiration in the bottles. Chlorophyll
g in macro-algae was measured by the procedure outlined by
Bray (1960).

PHYTOPLANKTON STUDIES IN EArRTHEN PONDS

Water Chemistry
The experimental ponds had soft waters (total hardness ranged
from 10.5 to 18.0 mg/l CaCOy) with total alkalinity values from 16.5
to 30.0 mg/l CaCO;. Potassium concentrations were usually around
1.0 mg/l. Early 1norning pH values were between 6.0 and 7.0, but
values of 8.0 and above were encountered during afternoons in
ponds having dense algal growth. Levels of above parameters in R
and S ponds were similar to those in experimental ponds.
Dissolved inorganic phosphorus concentrations in control ponds
were relatively low with averages of 0.010 mg/! or less (Table II).
Table II. Averages of inorganic nitrogen and phosphorus concentrations

in expeviment pends used for studies of phytoplankton
communitics during 1971,

Treatment June 6 June 22 July 15 August 9 August 30

0, -P (mg/l)

Control 0.005 0.006 0.010 0.006 0,010
Nitrogen*«+ phosphorus** 0.031 0,011 0,019 0,025 0.034
Phosphorus 0.075 0,028 0.019 0.022 0.043
Auburn No.3 0.017 0.011 0,021 0,027 0.0'1
Corn 0.005 0.006 0.019 0,024 0.012
NO3-N rmg/1)
Control 0.21 0.28 0.06 0,07
Nitrogen+phosphorus 0.21 0.14 0.18 0.10
Phosphorus 0.21 0.16 0.10 0,05
Auburn No. 3 - 0,20 0.19 0,04 0,20
Corn e 0.18 V.18 0.06 0.14
NH3-N (mg/1)
Control 0.001 0.070 0.040 0.090 0,040
Nitrogen+phosphorus 0.090 0.103 0.040 0,090 0.050
Phosphorus 0.110 0,090 0,025 0.030 0.030
Auburm No, 3 0.051 €.080 0.072 0.070 0.059
Comn 0.034 0.065 0,064 0.050 0.034

*Ammonium nitratc
#*Triplesuperphosphate
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Concentrations in fertilized ponds were usually two or more times
greater than those in controls. Both feed treatments resulted in
higher phosphorus levels than were present in controls. Ammonia
nitrogen levels did not form a pattern within treatments and no
obvious differences were observed between treatments, Nitrate
nitrogen concentrations varied greatly between individual ponds,
but averages for different treatments were remarkably similar.

Concentrations of PO,-P on individual sampling dates ranged
from 0.001 to 0.060 mg/l in R ponds and from 0.001 to 0.061 mg/l
in S ponds. Values below 0.010 mg/l were found in 80% of the
samples. Concentrations of NOs-N ranged from 0.034 to 0.838 mg/1
and from 0.002 to 0.100 mg/l in R ponds and S ponds, respectively.
Values above 0.050 mg/l were encountered in only 20% of the
samples. Ammonia nitrogen determinations were not obtained
for R and S ponds.

Auburn No. 3 contained 0.63%, phosphorus (LAWRENCE, un-
published) and the corn had 0.27% phosphorus (Morrisox, 1961).
During the experimental study, 10.85 and 4.65 kg of phosphorus
p r hectare were added in Auburn No. 3 feed and corn, respectively.
Large quantities of phosphorus were also added to R and S ponds
in feeds. Although phosphorus levels were higher in ponds re-
ceiving fertilizers and feeds than in controls, concentrations were
relatively low when contrasted to amounts of phosphorus added to
the ponds. Phosphate is rapidly adsorbed by bottom sediments and
by organisms (HEPHER, 1958; Bovp, 197la), so concenirations
exceeding 0.050 mg/l are seldom repot ced in ponds. ZELLER (1952)
found that average yearly concentrations of PO,-P in surface waters
of fertilized pends in Missouri ranged from 0.016 to 0.028 mgjl,
while mean level in unfertilized ponds varied 0.010 to 0.016 mg/l.
HaLr, CooPer & WERNER (1970) also reported higher concentra-
tions of PO,-P in ponds receiving high nutrient additions than in
control ponds. However, Ewine & Dorris (1970) did not find
higher concentrations of PO,-P in ponds to which feeds were ap-
plied than in their control pond. Phosphate levels immediately
following fertilization are high and phytoplankters apparently store
phosphorus which is used later for growth (HEPHER, 1958). How-
ever, continuous additions of small amounts of phosphorus fer-
tilizers are probably more efficient than periodic additions. Law-
RENCE (1954) suggested that fertilizc: materials be placed on a
subsurface platform and allowed to dissolve gradually. Phosphorus
is added daily in small quantities in fish feeds and solubilization
and mineralization of phosphorus from excrement and uncon-
sumed feed likely represents a continuous source of this nutrient
for phytoplankton.
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Nitrogen was also added in large quantities in feeds and fer-
t:lizers. However, concentrations of NO,-N and NH,-N were usually
not substantially elevated above those of control ponds. Much
nitrogen in wasted feed and excrement was probably converted to
ammonia and lost in gaseous form during periods of high pH re-
sulting from photosynthesis, although dense phytoplankton com-
munities absorbed considerable inorganic nitrogen. ZeLLER (1952)
found higher concentrations of inorganic nitrogen in unfertilized
than in fertilized ponds. He attributed the higher values in un-
fertilized ponds to nitrogen input from the watershed and low
values in fertilized ponds to phytoplankton activity. However,
denitrification and gaseous losses of ammonia are probably im-
portant in fertilized ponds. Conversely, HALL et al. (1970) found
much higher levels of NH,-N in ponds receiving large urea applica-
tions than in controls. Nitrate was not detectable in their ponds.
Ewine & Dorgis (1970) reported sitailar concentrations of NH,-N
in a control pond and in ponds receiving feed application, while
NO,-N values were higher in the control.

Ohviously, much remains unknown about factors which regulate
concentrations of inorganic nitrogen and phosphorus in ponds.

Chlorophyll a

Chlorophyll a concentrations allow a comparison of phytoplank-
ton abundance in different samples (CoPELAND, MINTER & DoORRis,
1964; Dust & SHINDALA, 1970). Concentrations of this pigment
varied greatly within and between each experimental pond during
the study (Fig. 2). Chlorophyll a values frequently increaseri rapid-
ly, often doubling or tripling during a 1-week period. Values also
decreased with equal rapidity. Only occasionally did concentra-
tions of chlorophyll a remain fairly stable for more than 2 weeks.
Chlorophyll a levels in treatments had the following ranges: control,
1.8 to 35.5 ug/l; nitrogen -+ phosphorus, 11.2 to 156.2 ug/l; phos-
phorus, 3.4 to 129.3 ug/l; Auburn No. 3, 3.6 to 162.8 ug/l; and
corn — 3.4 to 75.2 ug/l. Averages were 7.45, 62.7, 33.4, 43.7, and
20.2 ug/l, respectively.

Both nitrogen + phosphorus fertilization and phosphorus fer-
tilization caused marked increases in chlorophyll a. SWINGLE,
GoocH & RaBanaL (1963) reported that nitrogen fertilization did
not significantly increase fish production in ponds which had re-
ceived nitrogen and phosphorus fertilization for several years since
nitrogen for optimum phytoplankton productivity was derived
from nitrogen fixation and from miner~lization of nitrogen in
organic matter stored in bottom muc:. Lata in Fig. 2 clearly
reveal that nitrogen is a limiting factor n: new ponds on Pie('mont
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Fig. 2. Concentrations of chlorophyll 4 in control ponds and in ponds which
received different fertilizer and feed treatments.

soils. The fact that Auburn No. 3 coritained about twice as much
phosphorus and 4.5 times as much nitrogen as corn probably
accounts for the higher levels of chlorophyll @ in the Auburn No. 3
treatment.

Chlorophyll ¢ values in any particular S pond varied little be-
tween sampling dates. Averages for the 12 ponds ranged from 24.6
to 101.4 ug/l. Eight S ponds had values between 40 and 60 ug/l.
Values for R ponds ranged from 12.4 to 163.0 ug/l on August 4
and from 11.2 to 230.1 g/l on August 18 (Fig. 3). Values in many
ponds doubled during this period. Cloudy weather prevailed for 3
weeks prior to August 4 so fair weather during the following 2 weeks
was apparently responsible for increased growth. S ponds had
chlorophyll a concentrations similar to those in experimental
ponds. R ponds which were aerated had higher concentrations of
this pigment than other R pond. Turbulence in aerated ponds
essentially produced a decper photic zone by continually bringing
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bably augmented natural supplies of carbon dioxide in the Auburn
No. 3 treatment.

Respiration rates were high in all treatments (Fig. 4). Respira-
tion in dark bottles often exceeded gross photosynthesis in control
ponds. Respiration was frequently one-half or more as large as gross
photosynthesis values in other treatments.

Average gross photosynthesis data for eight S ponds are pre-
sented in Fig. 6. Gross photosynthesis was usually high in waters cf
0.0 to 0.8 m depth. Peak photosynthesis usually occurred at 0.2 m
where means above 3.0 mg C 1-1 day-! were usually obtained.
Photosynthesis decreased rapidly with depth because of light
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limitations imposed by an abundance of algal cells. Integration of
areas beneath curves (Fig. 6) yielded the following estimates of
gross photosynthesis in mg C m-? day-': S-13, 1,008; S-10, 1,456;
S-12, 1,932; S-3, 2,100; S-1, 2,450; S-8, 2,492; S-22, 2,548; S-7,
2,702. Respiration was high, being equivalent to 1.0 to 3.0 mg C
1-1 day-! (Fig. 6). Compensation depths (where oxygen production
was equal to oxygen consumption) were all above 0.8 m. Photo-
synthesis rates at 0.3 m in S ponds (estimated from Fig. 6) were
similar to those found at this depth in experimental ponds which
received Auburn No. 3 or nitrogen + phosphorus applications.

Several workers reported high rates of photosynthesis in fertilized
ponds. Among these are HEPHER (1962) who gave average values
of 3,290 to 6,430 mg C m-2 day-! for ponds in Israel and SREENI-
vasax (1964) who gave a maximum level of 11,000 mg C m=2 day-!
for a tropical pond. HaLL et al. (1970) reported that primary
productivity in ponds recciving high levels of fertilization was 10
times as great in 1966 and fifteen times as great in 1967 as primary
productivity of control ponds. Averages of primary productivity
values in nitrogen + phosphorus and Auburn No. 3 treatments
(Fig. 4) were 4.8 and 6.2 times greater. respectively, than averages
for controls. RopHE (1969) gave approximate ranges of phyto-
plankton production during the growing scason as 30 to 100
mg C m-2 day-! for oligotrophic lakes, 300 to 1,000 mg C m-* day-!
for natural cutrophic lakes, and 1,500 to 3,000 mg C m-* day-!
for polluted eutrophic lakes. Reservoirs studied by Tavror (1971)
had phytoplankton productivities of 208 to 1,619 mg C m-? day-".
Therefore, even considering the shallow depth of most fish ponds,
primary productivity rates are high. Respiration is equally clevated
in decper waters of fish ponds becausc of accumulation of waste
feeds and/or dead algae.

Fish kills frequently result when overturns of such ponds occur
(SwinGLE, 1968b). Phytoplankton kills which sometimes occur
during overturns are likely associated with reduced organic or
inorganic compounds from the hypolimnion which are toxic to
algac. ProcTor (1957a) showed that low levels of fatty acids are
extremely toxic to species of phytoplankton.

Turbidity

Turbidity values reported in Fig. 7 were usually of the same
magnitude in control and supplemental feed treatments of ex-
perimental ponds. Turbidity in ponds of both fertilizer treatments
was similar, but higher than that of other treatments. Turbidity in
control ponds was primarily related to suspended soil particles,
while that of ponds receiving feed was caused by phytoplankton.
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Fig. 7. Average turbidity values in experimental ponds which received additions
of fertilizers or feeds. (N and P-ammonium nitrate and triplesuperphosphate,
P-triplesuperphosphate).

Addition of organic matter to ponds often causes colloidal particles
to precipitate (IRwix & STEVENsON, 1951). Fertilized ponds had
dense algal comm: nities but also contained considerable quantities
of colloidal clay. Therefore, turbidity measurements did not
correspond well with phytoplankton density as estimated by
chlorophyll a analysis.
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Phytoplankton Communities

Relative amounts of five divisions of algae in 25 R ponds and in
12 S ponds are presented in Figs. 3 and 8, respectively. Collectively,
green and blue-green algae accounted for 909 or more of the
phytoplankton in almost all ponds on each sampling date. Chryso-
phyta were usually more abundant than Euglenophyta. Pyrro-
phyta were relatively rare. In six S ponds, 609, or more of the
phytoplankton organisms were blue-greens and substantial amounts
of blue-greens were found in four otkers. In only two S ponds, §-12
and S-13, were blue-greens relatively unimportant. These ponds did
not receive supplemental feeding. However, S-3 was a fertilized
pond and contained dense populations of blue-green algac. Bluc-
green algac blooms were common in past years in S ponds which
were fertilized (H. S. SWINGLE, personal communications). When
data for all R ponds were averaged, amounts of green and blue-
green algae were approximately equal. On both sampling dates,
10 R ponds contained 75%, or more blue-green organisms. Eight
R ponds had communitics on August 4 which consisted of 75, or
more blue-greens. This number increased to nine on August 19.
Thus, roughly 509, of the phytoplankton of the R and S ponds
was blue-green algae and in many individual ponds, blue-green
algac greatly outnumbered other groups.

Seventy-three species were observed in the phytoplankton of R
and S ponds. Relatively few species were present in substantial
numbers and even fewer were responsible for dense blooms which
were often observed. Chlorophyta that were major species (50
of individuals) were: Coelastrum microporum, Chlorella sp., Dictvos-
phaerium sp., Scenedesmus bijuga, S. quadricauda. Specics of bluc-green
algac that werc dominant were: Oscillatoria sp., Raphidiopsis curvala,
Anacystis nidulans, A. aeruginosa, and Spirulina sp. The most frequent
bloom species were Oscillatoria sp. and Spirulina sp. Communitics
consisting of 80 to 90%, of one or the othcr of these two species
were noted.

Ponds dominated by green algae had a greater diversity of
species than those dominated by blue-greens. For example. averages
of 16.2 and 14.5 species were found in S-12 and S-13, respectively,
while the average number of species in S-10 and S-22 was 6.0 and
9.0, respectively. Species composition o cach S pond was re-
markably stable through the 2-month period. The same species
were usually dominant on each sampling date in a particular pond.

Most specics noted in the R and S ponds were also in the ex-
perimental ponds. However, only 14 species were ever so abundant
as to comprisc 50% of the total phytoplankton (Table 11I). In
fertilizer treatments, Oscillatoria sp. and Anabaena civcinalis were
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Table 1II.- Species of phytoplankton which were present at an abundance of 10% or more
of total individuals in at least one sample from the experimental ponds.
Numbers in parenthesis indicate the number of samples in which a species was
present at an abundance of at leas, 10%. Three samples from each treatment
were collected on 10 sampling dates.

Treatment Species of phytoplankton
Control Green algac: Chlorella sp. ** (23). Chlamydomonas sp.** (10),

Cosmarium tumidum * (8), Ankistrodesmus falcatus ** (6),
Sghnerocxstis schroeteri®* (6), Qadrigt_.‘la chodatt] (3), Oocystis

borgei (2). Gloeocystis sp- (2), _Closterium sp. (1),Cruclgenla sp. (1)
Scencdesmus gﬂndrlcauda (1), Kirchneriella sp. (1), Coelastrum
microporum (1), Planktosphaeria gelatinosa (1), Nonnochlous

bacillaris ** (1), Coelastrum proboscideum (1),

Blue-grecn algae: Merismopedia tranquilla (2), Anabaena circinalis (1),
Yellow-green algne: diatoms**(23).

'l‘riplesuperphosphnte Green algae: Chlorella sp**(9). Ankistrodesmus falcatus® (5},

+ ammonium nitrate Chlamydomonas sp. (3), Cosmarjum tumidum (2), Chlorococcum
sp. (1), Scenedesmus quadricauda (1), Coelastrum microporum (1),
Blue-green algae: Oscillatoria sp. ** (20), Anabacna circinalis**(12),
Anacystis cyanea**(T), Spirulina princeps* (3), Coelosphaerium sp. .
Yellow-green algac: diatoms (1).

Triplesuperphosphate Green algac: Chloreila sp. **(12), Ankistrodesmus falcatus**(11},
Chlamydomonas sp.*(10), Nannochloris bacillaris®(4), Schroederia
ancora**(l), Oocystis borgei*(1). Chlorococcum sp. {1),
Chlorogonium sp. (1), Kirchneriella sp. (1), Coclastrum microporum (1),
Bluc-green algae: Annbacna circinalis **(8), Oscillatoris sp.**(T),
spirulina princeps (1). Yellow-green algae: Bumilleria sp. M.
diatoms*(6). Euglenophyta: Euglena (1).

Auburn No, 3 Green algae: Chlorella sp**(22), Cosmarium tumidum**(9),
fish feed Coelastrum proboscideum®*(7), Nephrocytium apgardhianum?*(4),

Chlamydomonas sp*(3). Glococystis sp. *(3). Oocystis borgel (3).
Staurastrum natator (3). gghncroc!stls schroeterl (2), Tetraedron

sp. (2), _Clogterium sp. (1), _Raya sp. (1), Scenedesmug quadricauda (1),
Blue-green algae: Oscillatoria sp. **(4), Spirulina princeps (1),
Gomphosghaerln sp. (1). Yellow-green algae: diatoms (2).

Cracked eorn Green algne: Cosmarium tumidum®*(18), Chlorella sp**(17),
Chlamydomonas sp.**(4), Oocystis borgei®® (3), Sphacrocystis
schroeteri**(2), Staurastrum natator (2). Chlorogonium sp. {2),
Ankistrodesmus falcatus (2). Nnnnochloris baeillaris**(1},
Scenedesmus quadricauda®(l), Gloeocystis 8p. (1).
Blue~grecn algae: Oscillatoria sp.**(6). Yellow-green algae:

diatcms*(1).

« Comprised 25% or more of total individuals in onc or morc samples.
«= Comprised 50% or more of total indlviduals in one or more samples.

sometimes present at levels of 80 to 99¢/, of the total phytoplankton.
The green algae Cosmarium tumidum, Nephrocytium agardhianum,
Coelastrum proboseideum and Chlorella sp. were individually abundant
in proportions of 80 t0 95% of the total phytoplankton in a few
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samples. During periods of domination by green algae, there were
pulses of individual species. For example, in E-67, Chlorella sp. and
Cosmarium tumidum were abundant during early July, but dis-
appeared from the community in early August. Both algae re-
appeared as dominants in the phytoplankton in mid-August. A
strong pulse of Nephrocytium agardhianum (maximum of 94.29 of total
individuals) appeared and practically disappeared within a 4-week
period. Smaller pulses of several species (10 to 309, of total in-
dividuals) were also noted in E-67. In ponds dominated by blue-
green algae, the population of a particular species tended to build
up and then remain dominant. For example, Oscillatoria sp. in-
creased from 2.3 to 67.29%, of the phytoplankton between July 1
and July 26 in E-76. During ...e remainder of the study, Oscilla-
toria sp. comprised from 62.8 to 98.09%, of the phytoplankton in
E-76.

Composition of phytoplankton communities by division is pre-
sented in Fig. 5. Green and yellow-green algae were abundant in
control ponds, although some blue-greens were occasionally found.
Green algae comprised roughly two-thirds of the total phyto-
plankton. Early in the study, ponds receiving nitrogen and phos-
phorus fertilizers were dominated by green algae, however, blue-
greens began to increase after July 12. From July 26 onward,
509, or more of the individuals in these ponds were blue-greens,
and sometimes 90 to 99%, of the phytoplankton was blue-green
algae. Yellow-green forms were scarce even during the initial
period whe= green algae were abundant. Ponds receiving phos-
phorus, but not nitrogen fertilizeti n, were dominated by blue-
greens at certain times; however, these populations did not persist
as in ponds fertilized with both nitrogen and phosphorus. Both
green and ycllow-green forms were often important components
of the tlora of the phosphorus treatments. Green algae were usually
predominant in ponds of both feed treatments. Heavy pulses of
blue-green algae temporarily appeared in M-16 and M-19. There
was also a late summer increase of blue-greens in M-19.

The number of species per pond varied considerably in ponds of
each treatment when samples taken at different times were con-
sidered. As few as two and as many as 24 species were recorded in
samples. Species diversity was calculated by the method presented
by MACARTHUR & MACARTHUR (1961), where species diversity is
- % pi log e pi, where pi is the proportion of all species which
belong to the i species. A community composed of 99%, of one
species and 19, of a second species has a diversity of 0.056 while one
composed of 10%, each of 10 species has a dive: ~  of 2.300. Low
species diversity was associated with dense blooms of blue-green
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algae. For example, between July 26 and September 13, weekly
diversity indices in E-76 were in chronological order; 0.870, 0.757,
0.585, 0.975, 1.193, 0.745, 0.445, and 0.098. During the same
period, diversity indices for the control pond M-23 were: 2.160,
1.952, 1.179, 2.099, 1.535, 1.777, 1.969, and 1.692. Low diversities
were also obtained in ponds with blooms of green algae. On August
9, species diversity in E-67 during a bloom of Nephrocytium was 0.281.
However, diversity indices were usually above 1.000 in ponds re-
ceiving Auburn No. 3 feed. When all dates are considered, the
nitrogen - phosphorus treatment resulted in the lowest diversity
(1.128) and control ponds had the highest (1.592). In fertilized
ponds, a high productivity with high species diversity is desirable.
Relationships between aquatic plant diversity and natural plant
food was discussed by Boyp (1971b).

Several observations regarding phytoplankton communities
merit further discussion. First, HaLL et al. (1970) reported that
blue-green algae were rarc but green algae were abundant in
ponds receiving high levels of urea, superphosphate and potas-
¢ium chloride. SWINGLE (1947) reported that algae produced by
inorganic fertilization were largely genera of Chlorophyta. How-
ever, later work (SWINGLE, personal communications) indicated
that blue-green algae were abundant in older fertilized ponds where
large amounts of organic matter had accumulated in bottom soils,
suggesting that some organic factor was necessary for the develop-
ment of intense blue-green blooms. The present findings reveal that
nitrogen + phosphorus fertilization can result in persistent blooms
of blue-green algae in new ponds in which bottom soils are essen-
tially devoid of organic matter.

Ewine & Dorris (1970) reported that the phytoplankton of
ponds receiving high rates of feeding was comprised largely of green
algae. This situation was also noted in the new ponds (Fig. 5), but
blue-green algae were frequently abundant in older R and §
ponds (Figs. 3 and 8). This difference in the development of algal
floras in new and old ponds to which fish feeds are applied cannot
be explained from available data.

Field and laboratory experiments revealed that blue-green algae
fix atmospheric nitrogen (WiLLiams & Burris, 1952; DUGDALE et
al, 1959; Neess ct al, 1962; STEWART, FITZGERALD & BURRIS,
1968). Nitrogen fixation is known only in those groups of blue-
green algae which have heterocysts (Focg, 1956, 1962). Ocawa &
Carr (1969) presented strong evidence that heterocysts were in-
volved in nitrogen fixation. Few heterocysts were present when
algae were grown in media containing inorganic nitrogen, but
large numbers were present when atmospheric nitrogen was the
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S-14
Fig. 8. Composition according to taxonomic divisions of phytoplankton com-
munities in 0.79 to 8.90 ha ponds (S-series). Each graph is the average of data
for four sampling dates. S-1, S-12, and S-13 were fertilized ponds. Other ponds
reccived applications of feed. Cyanophyta (blue-green algae), Chlorophyta
(green algae), Chrysophyta (yellow-green algae).

only source of this clement. Phosphorus was essential for heterocyst
production and nitrogen fixation.

In the experimental ponds, Oscillatoria sp., which has no hetero-
cysts, was abundant in the nitrogen +- phosphorus treatment. How-
ever, specics of Anabaena which are capable of nitrogen fixation
were also abundant and heterocysts were noted in most filaments.
Inorganic nitrogen shortages possibly developed between periodic
fertilizer applications, thereby encouraging development of ni-
trogen fixing species. Although large concentrations of inorganic
nitrogen did not accumulate in ponds recciving feeds, decompo-
sition of feed and excrement probably represented a fairly con-
tinuous supply of ammonia nitrogen. Dominant blue-green genera
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in R and S ponds were Oscillatoria, Raphidiopsis, Microcystis, and
Spirulina. 1 nese algae lack heterocysts and presumably the ability
to fix nitrogen. Furthermore, blue-green pulses in corn and Auburn
No. 3 treatment consisted of Oscillatoria sp. During early spring,
blooms of Anabaena spp. which are capable- of fixing nitrogen were
observed in some ponds on the Fisheries Research Unit. Feeding
rates were low at this time and inorganic nitrogen was possibly in
short supply.

Since green algae require both inorganic nitrogen and phos-
phorus, SHILO (1965) suggested that continuous additions of am-
monium sulfate be used to enrich the growth of green over blue-
green algae. HaLL et al (1970) found high concentrations of NH;-N
in ponds receiving weekly applications of urea (superphosphate
was also applied weekly). Green algae were abundant throughout
the summer in these ponds. Nevertheless, the occurrence of blue-
green algae without heterocysts in many ponds that received feed
(Figs. 3 and 8) and the failure of blue-green algae to persist in the
phosphorus treatment (Fig. 5) cast some doubt on the general
utility of continuous nitrogen additions. Prowse (1961} recported
that the use of phosphorus only fertilization resulted in communities
of diatoms, but SwiNGLE et al (1963) observed that ponds which
had blue-green blooms during fertilization with nitrogen +- phos-
phorus maintained these blooms after nitrogen, but not phosphorus,
additions were discontinued.

PHYTOPLANKTON IN PLasTic PooLs
The response to nitrogen and phosphorus fertilization by phyto-
plankton in plastic pools (Table IV) is quite different than the

Table 1V. Average chlorophyll a_ concentrations (mg/1) In
plastic pools receiving various nutrient additions.

Treatment June 7 June 28 July 19
Control 6.8 5.4 5.8
Phosphorus* 10.6 9.9 £.5
Nitrogen** + phosphorus 75.6 55.3 50.6
Auburn No, 3 84.4 23.4 32,0
Sugar 10,6 10,2 9.7
Sugar + phosphorus 6.5 5.9 16.5
Sugar+nitrogen+ phosphorus ’ 32.7 37.0 41.2

. *Triplesuperphosphate
**Ammonium nitrate
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response in earthen ponds (Fig. 3). Initial levels of phosphorus in
plastic pools were only slightly higher than those in earthen control
ponds. Nevertheless, there was little response to phosphorus ad-
ditions in plastic pools. Inorganic nitrogen -+ phosphorus applica-
tions caused a marked increase in phytoplankton density in plastic
pools. In earthen ponds, phosphorus is rapidly adsorbed by bottom
soils, while in plastic pools, phosphorus was apparently recycled so
rapidly from dead cells that this element was never limiting. Auburn
No. 3 additions caused a marked increase in growth, presumably
from its nitrogen content. Carbohydrate (sugar) and sugar + phos-
phorus did not enhance phytoplankton growth appreciably, but
when ammonium nitrate was added with sugar and triplesuper-
phosphate good growth was obtained.

Species of phytoplankton in plastic pools were green algae of
the following genera: Scenedesmus, Chlamydomonas, Dictyosphaerium,
Chlorella, Qocystis, Golenkinia, and Ankistrodesmus. No blue-green
algae were observed. Plastic pools represented a greatly simplified
system as compared to ponds, so the absence of blue-green algae
was probably not related to nutrient additions.

The lack of response to phosphorus in soil-free plastic pool
systems (Table IV) which contained small concentrations of PO,-P
corroborates the idea that very small amounts of phosphorus are
required for dense phytoplankton growth (KuentzeL, 1969). A
continuous supply of phosphate delivered at the approximate rate
of utilization by phytoplankton would be the most efficient tech-
nique for applying phosphorus fertilizers to ponds.

Auburn No. 3 and sugar additions to fertilizer treatments did not
increase chlorophyll a concentrations above those produced by
nitrogen + phosphorus alone. Primary productivity estimates
were 0.29, 0.42, and 0.58 mgC I-! hr-! for nitrogen 4 phosphorus,
sugar + nitrogen + phosphorus, and Auburn No. 3 4 nitrogen +
phosphorus, respectively. These observations reinforce the conclu-
sion that photosynthesis by phytoplankton may be increased
through microbial production of carbon dioxide from organic
matter.

Macro-Algae

Occurrence

The 1965 survey revealed that Spirogyra spp., Chara vulgaris, C.
globularis, C. braunii, Nitella sp., Rhizoclonium hieroglyphicum, Pitho-
phora kewensis, Hydrodictyon reticulatum, Cladophora sp., Lyngbya sp.,
and Oedogonium sp. were the only macro-algae present at densities
sufficient to interfere with ponds management. The degree of
coverage required to interfere significantly with fish production
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and fishing will vary with type of algae, pond morphometry, and
species of fish in pond. However, it seems safe to assume that above
10 to 20%, coverage of fish ponds with macro-algae is almost al-
ways undesirable. Of the species listed above, Lyngbya sp. Nitella
sp., Cladophora sp., and Oedogonium sp. were seldom encountered.
Communities of macro-algae were never unialgal, but one species
often comprised most of the biomass. Degrees of infestation ranged
from a few clumps of macro-algae in some ponds to complete
coverage in others. Ponds ranged in size from less than 1 ha to
more than 25 ha. Macro-algae problems were more frequent in
smaller ponds, but larger ponds occasionally had exteusive intesta-
tions. For example, onc 9 ha pond was completely filled with H.
reticulatum for several months. It was not possible to obtain more
than a visual estimate of pond size and macro-algae coverage, buta
conservative assessment was that at least 59, of all ponds had 20%
or more coverage. In some localities, an even greater proportion
of ponds had macro-algae problems. For example, about 25% of
ponds in the vicinity of Snowden, Alabama, were plagued with
troublesome growths of P. kewensis.
A summary of water quality data for ponds of the three physio-
graphic regions are presented in Table V. P. kewensis was com-
Table V. Average water quality data for ponds located on three

physiographic regions of Mississippi and Alabama. Values

are in mg/1 as calcium carbonate for alkalinity and mg/1

for individual fons.

Analysis Black belt Clay and sand hills Picdmont
Total alkalinity 73.23 11.53 13.41
Calcium 25,00 2.44 2.83
Magnesium 1,32 1.52 0.83
Potassium 3.71 2.10 1.37
Sodium 3.82 0.41 1,16

monly found in hard waters of the Black Belt, but this species was
seldom noticed in soft water areas. Spirogyra Spp- and Chara spp.
were frequent in all three regions. Chara vulgaris usually occurred in
hard waters, while C. globularis and C. braunii were more frequent in
soft waters. Identification of the several species of Spirogyra was not
attempted. Hydrodictyon reticulatum and Rhizoclonium hieroglyphicum
were more commonly observed in Piedmont ponds, but these
algae were often seen in other regions.
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abundance in small ponds (Fig. 9) agreed well with observations of
Piedmont ponds during 1965, but a greater percentage of the small
ponds had problems with macro-algae. This was undoubtedly re-
lated to the relatively large proportion of shallow water in small
ponds on the Fisheries Research Unit as compared to farm ponds.
Furthermore, many of the ponds on the Fisheries Research Unit
had been filled during winter and not fertilized in early spring.

Many ponds have macro-algac problems annually; some ponds
are never troubled with macro-algae, while in other ponds, macro-
algac infestations may occur for one or two seasons only to disappear
and not return. Factors involved in the establishment of macro-
algae populations in a particular pond arc poorly understood.
Frequently in local groups of ponds with similar water chemistry
and morphometry, one or two ponds will be heavily infested while
other ponds will be essentially frec of macro-algac. Some informa-
tion -n factors associated with the occurrence of Chara (Woob,
1950. i952; Vaipya, 1967) and Cladophora (Masox, 19653 BeLLis &
Mc® .rTY, 1967; HERBST, 1969) are available, but additional re-
scarch is badly nceded.

Productivity and Standing Crop

Standing crop data for several macro-algae populations are re-
ported in Table VI. Values for different populations of P. kewensis,
R. hieroglyphicum, and Spriogyra spp. were quite variable, the maxi-
mum standing crop for cach being twice or more as great as the
smallest. ForsserG (1960) reported maximum dry weights of
1130 g/m? for Chara fragilis and 310 g/m? for Nitella mucronata in a

Table V1.Standing crops in macro-algae populations of
ponds necar Auburn and Snowden, Alabama during
Summer 1971, Each entry is for a single pond and
represents the ~verage of 3 to 5 quadrats.

Species g dry wt/m?2
Pithophora kewensis 110, 118, 137, 160, 205
Rhizoclonium hieroglyphicum ’ 68, 181, 216
Hydrodictyon reticulatum 54
Spirogyra spp. 9, 29, 53, 67, 83
Chara fibrosa 108, 115
Chara braunii 104
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Swedish lake. WETZEL (1964) found 326 g/m? oi Chara sp. at 0.3 m
and 764 g/m? at 1 m in a small pond. Literaturc on standing crops
of other specics was not located. Higher aquatic plants usually
produce much larger standing crops (Bovp, 1971b) than those
reported in Table VI. Yet, the smallest, P. kewensis population
entircly covered the surface of the infested area. All other popula-
tions, except the two smallest Spirogyra entries (Table VI) cither
filled the water column or covered the surface so that light pene-
tration was greatly restricted.

Chlorophyll alevels ranged from an average of 1.49 mg/g dry wt in
Chara braunii to 6.30 mg/g dry wt in Spirogyra spp. These values are
within the range of chlorophyll a concentrations in vascular aquatic
macrophytes (Bovp, 1970).

Gross photosynthesis rates calculated as mg C g dry wt™! hr! for
mid-day light regimes were: Spirogyra sp. 16.7, R. hieroglyphium 10.0,
C. braunii 5.4, and H. reticulatum 5.0. These estima tions are based on
single populations. Gross photosynthesis in four P. kewensis popula-
tions were 3.6, 5.9, 6.3, and 7.4 mg C g dry wt-! hr=!. The P. kewen-
sis population with a standing crop of 160 g/m* (Table VI) had a
gross photosynthesis rate of 7.4 mg G g dry wt=! hr-! or 1.18 g C m-2
hr-!. Respiration was equivalent to 0.32 g € m=* hr'. When con-
verted to a daily rate by the method used by Sciixprer & HowLw-
GREX, (1971) a gross photosynthesis rate of 9.4+ g C m=* day=! was
obtained. Twenty-four hour respiration was estimated at 7.68
g C m? day-. Thus, net photosynthesis was 1.76 g C m-? day!,
Many vascular aquatic plants have higher daily rates of net carbon
accumulation (WESTLAKE, 1963).

Competition with Phytoplankton

Growth habits of Chara spp. are similar to those of higher plants.
Charophytes are attached to the substrate by rhizoids from the base
of vertical axis (Woop, 1967). The axis of short nodes and long
internodes extends upward into the water. Axes of species observed
during the present study were from a few centimeters to 1 m in
length. Populations of the other species of macro-algac begin
growth on the pond bottom and thea rise upward to completely
or partially fill the water column or sometimes to float on the sur-
face as a “mat”. Pithophora is generally found floating on the sur-
face. There are three obvious ways by wiich macro-algae compete
with phytoplankton: restriction of light penetration, competition for
nutrients, and competition for space.

Primary productivity of phyteplankton beneath a “mat” of P.
Kewensis and within a stand of Chara braunii was much less than in
open water (Fig. 10). Productivity beneath Pithophora was reduced
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Fig. 10. Gross photosynthesis from 10:30 AM to 2:30 PM by phytoplankton
bencath Pithophora kewensis and within Chara braunii populations (solid circles) is
compared with gross photosynthesis in open water (open circles). Oxygen con-
centrations in open water arc represented by dotted lines while oxygen levels
beneath or within macro-algae growths are given by dashed lines.

by a factor of 10. Dissolved oxygen levels also reflected the decrease
in phytoplankton, concentrations dropping to almost 0 mg/l at
0.6 m. Adequate light for phytoplankton photosynthesis penctrated
to greater depths in the Chara stand and productivity by phyto-
plankton was reduced by only 50% as compared to open water.
Oxygen levels were not appreciably lowered within the Chara
stand since oxygen was released throughout the water column by
Chara. When present in sufficient abundance, phytoplankton cells
can restrict light penetration and prevent initial growth of macro-
algae on pond bottoms. Thus, early spring fertilization is often used
to control macro-algae (SmrtH & SwiNGLE, 1942). Heavy rains
have been observed to cause P. kewensis “mats” to sink. The “mats”
usually rise back to the surface in a few days. In some cascs, rapid
phytoplankton growth occurs after the macro-algae sinks since more
light is available for photosynthesis. Resulting turbidity sometimes
destroys the macro-algae before it rises back to the surface. Tur-
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bidity following periods of heavy rainfall will also occasionally
muddy water enough to destroy submersed macro-algae.

Lawrence (1958) reasoned that competition between macro-
algac and phytoplankton for nutrients might decrease phyto-
plankton production and reduce fish yields. Ponds containing
extensive growths of macro-algae usually have relatively transparent
water and presumably low phytoplankton productivity. Concen-
trations of nitrogen, phosphorus and other nutrients in macro-algae
were given by Bovyp & LAwRENCE (1966). Pithothora kewensis con-
tained an average of 2.57%, nitrogen and 0.30% phosphorus. The
average standing crop of P. kewensis (calculated from Table VI) is
146 g/m?. Assuming 259%, coverage in a 1 ha pond, a hypothetical
P. kewensis “mat” would contain 10.0 kg nitrogen and 1.1 kg
phosphorus. These quantitics of nutrients arc large when compared
to amounts of dissolved nitrogen and phosphorus compounds that
are normally found in pond water.

Chlorophyll a co 1centrations were used as an estimate of phyto-
plankton density in catfish ponds (0.04 ha surface arca) that were
receiving additions of supplemental feeds. Six of these ponds were
infested with macro-algac and contained from 1.0 to 7.7 ug/l of
chlorophyll a. Chlorophyll @ values ranged from 37.1 to 109.0 pgil
in six ponds that were free of macro-algae. Macro-algae commu-
nities covered only 25 to 509 of pond surfaces and these communi-
ties had been present at about this degree of coverage for 4 to 6
weeks. Since all ponds were receiving continuous additions of
nutrients through solubilization and mineralization of unconsumed
feed and fish excrement, it is difficult to conclude that phytoplank-
ton growth was limited so severely by light and nutrient depletion.
It is puzzling why phytoplankton did not grow in the open water.
Possibly, macro-algac excrete antibiotic substances which inhibit
phytoplankton growth. Antibiotic effects of one species of algae
upon another were described by ProcTor (1957a, b).
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