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Biotic Interactions between Different Species of Algae’

CLaupE E. Boybp?

Abstract. Species of green algae seldom grew as weli in two-
species cultures with other green algae, or with blue-green
algae, as when cultured alone. Several species of algae ap-
parently excreted one or more substances into the medium
which inhibited the growth of the second species. Inhibition
of growth of green algac was particularly great in two-species
cultures with the blue-green algae, Oscillatoria rubescens
Decandolle, Anabaena flos-aquae (Lyngbye) Breb., Microcystis
aeruginosa Kutz., and Coccochloris peniocystis (Kutz.) Dr.
and Daily. Green algae also failed to grow at normal rates in
media prepared from filtrates of water from ponds which
contained blooms of blue-green algae. Inhibitory substances
arc apparently an important factor in the development and
persistence of relatively unialgal blooms of various species.

INTRODUCTION

THE species composition of phytoplankton communitics
in natural and impounded waters is often in a state
of change. Seasonal changes and long-term changes in
species composition have traditionally been attributed to
the supply of available nutrients. This thesis was challenged
on the grounds that sequences of species also occur in
systems which continuously have an excess of nutrients
(6). Fitzgerald (6) suggested that extracellular substances
produced by one specics of algae influenced the growth of
other species. There is some evidence to support this
hypothesis. Filtered water from a pond that contained a
bloom of blue-green algae was toxic to Haematococcus
pluvialis {7'rod.) Rostof (16). A number of algae grew
poorly in media prepared from filtered water which had
contained a large population of Aphanizomenon gracile
Lemm. (20). Microcystis aeruginosa Kutz. inhibited the
growth of scveral specics in laboratory cultures and appar-
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ently reduced the productior: of other algae in threc Mis-
souri ponds (21). Several algae failed to grow as well in
two-species cultures as when cultured alone (10, 14, 15,
17, 21). Failure of certain algae to grow in natural waters
was attributed to growth inhibitors of algal origin (11, 12,
16, 18, 20, 21).

In a review of the literature on factors which regulate
the growth of algae in laboratory cultures and in nature,
Fogg (7) found insufficient data upon which to formulate a
r:onclusion regarding the general importance of biotic inter-
actions between species of algae. Dense blooms of algae
cause many water quality problems, and information on
factors responsible for the development and persistence
of algae blooms is of practical value to water resource
managers.

The present rescarch was initiated to evaluate further
the biotic relationships between various species of algae.
Particular attention was given to the influence of blue-green
algae on the growth of green algae. Data were also obtained
on the community structure of phytoplankton blooms in
ponds.

MATERIALS AND METHODS

Algae used in these cxperiments were obtained from
culture collections at Indiana University and the University
of Wisconsin (Table 1). These cultures contained only one
species of algae and only three cultures, Nostoc muscorum
Kutz., Microcystis aeruginosa and Oscillatoria rubescens
Decandolle, were contaminated with bacteria.

Stock liquid cultures of green algac were maintained in a
modified Beyerinck’s solution (3), while stock cultures of
blue-green algae were grown in a modification of Zehnder
and Gorham’s No. 11 medium (22). Nutricnt concentra-
tions in the two media are listed in Table 2. These cultures
were transferred to new .nedia at 7 to 14-day intervals to
insure that they contained young, rapidly dividing cells
which would grow quickly when placed in cxperimental
media.

Volume 21, Issue 1 (January), 1973



BOYD : INTERACTIONS BETWEEN ALGAL SPECIES

Table 1. Stock cultures of algae used in studies of biotic inter-
actions between different species of algae.

Culture collection

Species identification®

Green algae

Ankistrodesmus falcatus (Corda) Ralfs......o.ovneviinnns. LU, - 749
Chlorella pyrenoidosa Chick........ooevivenn . 1.U. 26
Coclastrum microporum Naegeli .. .. LU, - 280
Scenedesmus dimorphus Kotzo, oo oo ovvieeiann . e LU, - 746
Cosmariuny subtumidum Nordst.. . c.oovvir v iiiiiveeeenen. LU, - 297
Chlamydomonas $P........ovoveereonnses norereatnees LU, - 624
SIQUPASIPUNE SP.. o .o e veiivioaarrssearetssrsissssssnnns LU. - 173
Blue-green algae
Anabaena flos-aquac (Lyngbye) Breb...........coovvennnn LU, - 1444
NOstoc muscortim KULZ,o o vuor v nnsrucraaarrsrsnscasass 1.U. - 1037
Coccochloris peniocystis (Kutz.) Dr. and Daily. . LU, - 1548
Phormidium sp.....c.covvviiniviieiiissnes LU, - 485
Lyngbya sp.....vevenrirsenanecnassorsannnns N .U, - 488
Oscillatoria rubescens Decandolle. .. .oovveiiinvaienanns U.W, - 2000
Microcystis aeruginosa Kutz.. ... voviivisneeireiiones U.W., - 1036

sCultures identificd by the letters I.U. and U.W. arc from algac collections at
Indiana Univ. and the Univ. of Wisconsin. respectively.

Table 2. Concentrations of nutrients in media used in studies of
biotic interactions between different species of algae.

Concentration

Reagent Modified Modified Zehnder
Beyerinck's and Gorham's
solution No. 11 solution
(mg/L) (mg/L)
250.00
496.00
100.00 30.00
100.00 75.00
5C.00 36.00
20.00
58.00
1.00
6.00
6.00
2.50 2.50
1.50 1.50
0.10 0.10
0.05 0.05
0.05 0.05

Two-species combinations. The influence of one species
upon the growth of a second species was evaluated by the
procedure used by Proctor (16, 17) and Vance 21). Two
species were grown in combination and individually. Any
significant increase or decrease in growth of one species in a
two-species combination, as compared to its growth in
a single-species culture, was attributed to an influence of
the second species. Beyerinck’s solution (Table 2) was
used as the nutrient solution for the combinations of differ-
ent species of green algae and in the single species controls.
Combinations of green and blue-green algae were cultured
in a modified Zehnder and Gorham’s No. 11 medium
(Table 2). Cultures of individual species of green or blue-
green algae which were used as controls for two-membered
combirations of green and blue-green algae were also cul-
tivated in the modified Zehnder and Gorham’s No. 11
medium. Fifty ml volumes of nutrient solution in 125-ml,
cotton stoppered, erlenmeyer flask were inoculated with
the desired species. A determination was made for each
species of the initial density of individuals which was re-
quired to produce moderate growth within 4 days in fresh
media. A quantity of the stock liquid culture which con-
tained the c:'culated number of individuals of a species for
moderate growth was inoculated into the fresh experimen-
tal media in each instance. After inoculation the initial
concentration of each species in a two-species culture was
equal to that in the single-membered cultures which served
as controls. Three replications were prepared for each
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control and two-species combination. Aspectic techniques
were used throughout. The algae cultures were incubated
for 4 days at 26 C under uniform lighting (16 hr in light
and 8 hr in darkness) and were swirled twice daily. Com-
binations of green algac and appropriate controls were
placed under 4300 lux illumination. Scveral species of
bluc-green algac did not grow well at 4300 lux. Experi-
ments involving combinations of green and bluc-green
algae were conducted under 1600 lux. Green algae grew
well at either light intensity.

After 4 days the number of individuals, single cells, or
colonics was determined. Small algae, Chlorella pyre-
noidosa Chick, Ankistrodesmus falcatus (Corda) Ralfs, and
Scenedesmus dimorphus, Kutz. were enumerated with a
Spencer Bright-Line hemacytometer. Other species of
green algaec were counted in a Sedgwick-Rafter counting
cell. Most species of blue-green algae were filamentous and
grew in dense clumps. No suitable procecure was found
for enumerating these organisms. The quantity of a blue-
green alga in a particular treatment was compared visually
with the quantity of this alga in the appropriate coatrol.
The inability to obtain good quantitative data for ‘slue-
green algac was not a serious limitation since the influence
of blue-green algae on the growth of green algae was the
primary objective of this study.

Original data (individuals per ml) were used to make
t-test comparisons of significance between the growth of
a species alone and in a particular two-species combina-
tion. However, to simplify presentation, the growth of a
particular species in unialgal culture was taken as 100%
for comparison with growth of this species in any given
species combination.

Filtrate experiments. Nine samples of water which con-
tained either dense populations of blue-green algae
or moderate densities of green algae and diatoms were
obtained from ponds on the Fisheries Rescarch Unit,
Auburn University. Each water sample was filtered through
a 20-cm column of glass wool to remove the algal com-
munity. A test medium and a control medium (modified
Beyerinck’s solution) were prepared with each filtrate and
glass distilled water, respectively. These media were not
sterilized, but the flasks were stoppered with cotton to
prevent contamination with air-borne algal cells or spores.
Two replicates of each media were inoculated with S.
dimorphus, C. pyrenoidosa, and Chlamydomonas sp. Algal
cultures were incubated for 4 days at 26 C under 4300 lux
on a mechanical shaker set at 60 oscillutions per minute.

Observations on algal communities in ponds. The water
samples were collected from various ponds on the Fisheries
Research Unit during the summer of 1971. Samples were
secured with a 90-cm water column sampler (4). Algae
were enumerated by the drop-sedimentation technique
(1). Specics diversity was calculated by the equation:

Species diversity = —XPiloge P
i

where P, = the decimal fraction of the proportion of the
total individuals which belonged to the it* species (13). A
community composed of 99% of one specics and 1% of
a second species has a diversity of 0.056, while a commu-
nity composed of 10% each of 10 species has a diversity
of 2.300. Chlorophyll concentrations in pond waters were
measured by the method of Golterman and Clymo (8).
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RESULTS

Data for the growth of four species of green algae in
two-species combinations are presenied in Table 3. In two

Table 3. Growth of four species of algae in various two-species

CIENCE

Table 5. The growth of three species of green algae in Beyerinck's
solutions prepared from algae-free filtrates of water samples from
nine different ponds as compared to growth in controls (Beyer-
inck’s solutions prepared from distilled water).

3 Green algae*
Dominant algae

combinations compared with growth of each species in single- in water sample Chlorella  Chlamydomonas Scenedesmus
species culwres (controls), pyrenoidosu 5P dimorphus
Soirulina pri 60.3° e °r4%°4n~"°|) 30.3¢
T ive ofruling princeps............... 5 X 5
Combination Relative growtht iplr;;llna princeps.........ooou l|g.9“ 34.5¢ 89.3
(% of control) nabaena sp.............ii00n, .5 21.4° 57.8¢
Chorella pyrenoldosa..........coocvvuiiivreneiiiesinns % 34.2:‘ ::Zg::’:: :rrclnall.r """""""" 2;%: 13‘;‘ -lgg-g"
Coelastrum microporum, . .....oovovvieeeeeversioeeeneees 75.3 'é;'l“”",'lb ncerta. LT .\gl:l 132 135.8¢e
C, pyrenoidosa. ............. 1 45.9¢ oreiia sp.. . 1.2 826 120.3
................................ . Chiorella sp. 143.8¢ H2s8 934
Chfzmydamana: St ien i titieserarancnanns 9L7 Diatoms. P 11976 7590
C. 0.2°° I
Screv);;i';gr{z?:lmarphm.. 122.;' **t—value significant at 0.05 level; **t—value, significant at 0.01 level.
S.dimorphus............. 67,7*
C. mICroporum. . ... oo iiiinnsioseersnssssssnneseennn 36.7°* . .
ponds containing dense growths of the blue-green algae,
S dimorphus...covvveiiviiiiiiiiiiiiiiiiieiiiraiaieias 52,1¢° Spi . .
Chlamydomonas sp........ .. 1 1 LI 841 pirulina princeps (West and West), Anabaena sp., Ana-
CHlamydomonas Spr. v v vveeeeeeseeeeeeee e 88,6 baena circinalis Rab., or Anacystis incerta (Lemm.) Dr.
C. microporum 39.4¢° and Daily. The patterns of inhibition were not consistent,

s*¢—value significant at 0.05 level; **1—value significant at 0.01 level.

of six combinations, neither species grew as well in combi-
nation as alone. In the other four combinations, one species
grew as well in combination as alone, but the second species
was clearly inhibited. Chlorella pyrenoidosa was inhibited
by each of the other three species, while Chlamydomonas
sp. ‘nhibited the growth of Scenesdesmus dimorphus, Co-
elastrum microporum Naegeli, and Chlorella pyrenoidosa.

Results from two-species cultures of green and blue-
green algae are summarized in Table 4. Nostoc muscorum
did not inhibit any of the seven species of green algae,
while Oscillatoria rubescens and Microcystis aeruginosa
inhibited all seven species. The growth of some green algae
was inhibited in cultures containing Phormidium sp.,
Lyngbya sp., Anabaena flos-aguae (Lyngbye) Breb., or
Coccochloris peniocystis (Kutz.) Dr. and Daily. Chlamydo-
monas sp. attained a greater density in combination with
Anabaena flos-aquae than alone. Inhibition of growth of
green algae was noted in 37 of the 49 two-species combi-
nations. In 11 of the combinations, the growth of green
algae was reduced at least 80%. Bluc-green algae grew
profusely in all two-species combinations with green algae.
Careful visual observation did not reveal a single instance
in which the growth of blue-green algac appeared less in
the combinations than in controls.

Some factor was present in filtrates of water from nine
different ponds which influenced the growth of one or more
of three species of green algae (Table 5). Several instances
of growth inhibition occurred in filtrates of water from

For example, one filtrate from water which contained
Spirulina princeps inhibited all thrze species of green algae,
but the filtrate from water of a second pond which con-
tained Spirulina princeps was not toxic to Scendesmus
dimorphus. Furthermore, the degree of inhibition of a par-
ticular species of green algae was different in the two fil-
trates mentioned above. Similar differences in the pattern
and degree of inhibition were also obtained for the two
filtrates which represented Anabaena sp. The water
samples all contained populations of algae in addition to
the dominant species listed in Table 5. Therefore, incon-
sistencies in the pattern and amounts of inhibition are not
surprising since extracellular substances from a number of
species of algae were likely present in the filtrates. No
inhibitory effects were noted in filtrates from waters which
contained populations of green algae or diatoms. Several
filtrates stimulated growth of one or the other of the three
species of green algae.

Algal communities in ponds on the Fisheries Research
Unit were divisible into three groups (Table 6); (a) mixed
algal populations consisting of green algae, blue-green
algae, yellow-green algae, ~nd diatoms with no one species
being particularly dominant; (b) communities in which one
or sometimes two species of green algac were dominant;
and (c) communities comprised of a high proportion of one
species of blue-green algae. All communities were of suffi-
cient density to discolor the water and to be classified as
blooms. The number of species in mixed algal blooms
averaged 14.8. Averages of 5.0 and 10.0 species were ob-
tained for blooms of blue-grecn and green algae, respec-

Table 4. Growth of seven specics of green algae in two-species combinations with seven species of blue-green
algae compared to the growth of the green algae in single-species control cultures.

Blue-green algae?
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Green algae Oscillatoria Anabacna Microcystis  Coccochloris Lyngbya Phormidium Nostoc
rubescens flos-aquac acruginosa peniocystis sp. sp. muscorum
(% of control)

Scenedesmus dimorphus. 28.7°¢ 26.5%° 18.0%* 34.7°* 61.5%° 101.4 107.5
Chlorcella pyrenoidsa. . . 2,6%* 8,1°¢* 48,9¢° 50.2¢° 70.5°* 66.5°* 92.3
Chlamydomonas sp.. . . 1.8¢° 124.2¢° 26.3%* 103.7 55.9%¢ 100.6 112.3
Coclastrum microporum............ 1,80 8.2¢° 14.3°¢ 41.9°** 74.0°°¢ 41.4°° 93.0
Ankistrodesmus falcatus............ 40.2%° 12.1%* 29.8¢¢ 331,20 95.4 95.9 927
SIQUIASITUM SPossvveereievenseains 18.2¢° 52.6"° 31.6%¢ 18.8°* 47.1%¢ 23.5¢ 94.1
Cosmarium subtumidumn............ 16.0** 35.3e° 55.0°° 31.4¢° 43,30 37.4%* 86.4

a¢¢ __value significa

105 tevel; **t—value significant at 0.01 leve!.
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Table 6. Characteristics of phytoplankton communities in fish
ponds on the Fisheries Research Unit, Auburn Univ.

Abundance

Dominant of dominant  Species Species  Chlorophyll
algac algac present diversity*
(%) (No.) (Unitless) (ug/L)
Mixed alyal blooms
NORC. .ovverrirnreenrnonen 16 2,099 11.2
NORE. oo evinienneneaianss 14 2.088 41.6
NORC..ovvevirviineeannnes 13 2,037 18.9
NORC. . cvviiiviireiannene s 2.140 20.2
NORC. v evve v iiirviieranns 16 2.191 47.2
Cosmarium. . .......c0ovene. 92.2 9 0.938 21.4
Nephrocytium. .. 0.737 24.8
Coelastrum . . . . 1.090 51.7
Scenedesinus. . .. . 0.998 50.6
Closterlum............c.0.. . 1.611 24.7
Oscillatorla. ............o.. 97.1 3 0.150 60.7
Oscillatorla, ..........ovvv 78.8 5 0.689 65.2
Anabaena..........oiiieinn 66.3 6 0.902 128.5
Anabaena............oi0nen 96.0 3 0.194 69.2
Splrulina, ... .cooiovioiin 93.0 ] 0.252 57.3
Spirulina. . ....... «....... 88.0 5 0.442 121.6
Microcystls, vvovivvveennnn 70.0 8 1,029 25.8
Microcystls...ooovvvvnvnns 98.5 5 0.264
Merismopedia.............. 65.5 5 0.870 28.1
sSpecies diversity = — T Pilog ¢ Pi, where Pi = the decimal fraction of the

proportion of the total individuals which belonged to the it species.

tively. The number of species reported for a particular
pond does not include all species in the pond. This number
includes only those species which occurred in the upper
90 cm of the water column in sufficient abundance to be
collected and counted by the techniques employed. These
were the ecologically important phytoplankton species at
the time of sampling.

Species diversity was high (2.037 to 2.191) in the
mixed-species blooms, intermediate in blooms of green
algae (0.737 to 1.1611), and low in blooms of blue-green
algae (0.150 to 1.029). The individuals in a community
with high diversity are more uniformly distributed among
the different species than in a community with iow diver-
sity. One species comprised 75% or more of the total
individuals in several communities (Table 6).

Blooms of blue-green algae in ponds often persist for
long periods. A. population of Spirulina princeps was pres-
ent at a level of 50% or more of the total phytoplankton
for over 3 months. An Oscillatoria sp. population was ob-
served at an .bundance of over 75% of the total phyto-
plankton for more than 2 months (Table 7).

Table 7. The relative abundance of Spirulina princips and Oscil-
latoria sp. in two different oonds during a 20 week period.
Values indicate the percentages of the total phytoplankton com-
munities which were compr 'd of the two species.

Spirulina Oscillatoria
Date princeps sp.

(%) (%)
JUlY 9 vt it iere ity 94.2
July 29. . ciiiineninnn cee 524 98.0
August 17. . .ovvvrnnnnn ves 94.9 75.2
September 2. .....000itn ces 98.0 88.0
September 15 Cee 69.7 929
September 20 69.1 57.5
September 27. . 52.3 1.1
October 7..... 56.9 0.0
October 24.... 729
November 12, . 0veviieieerisnrnarocnanes 89.6
November 30, ... vivneetrriorianaonsosnes 6.6

DiISsCUSSION

Vance (21) reported that the green algae, Chleiiiydo-
monas moewsii Gerloff and Haematc ~occus lacustris did
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not grow in combination with Microcystis aeruginosa.
Proctor (17) found that four species of green algae either
grew poorly or died in two-membered cultures with Ana-
cystis nidulans Dr. and Daily. The prcsent study confirms
that additional species of blue-green algae inhibit the
growth of green algae. Findings reported in Table 3 cor-
roborate previous observations which indicated that certain
species of green algae inhibited the growth of other green
algae in two-species cultures (10, 11, 17).

A cursory examination of data on the growth of algae
in two-species combinations might suggest that competi-
tion for nutrients caused the observed inhibition. However,
the nutrient solutions were sufficient.y concentrated to sup-
port very dense growths of algae. Species used in the two-
membered cultures attain maximum density after 2 to 3
weeks. Growth after 4 days (the incubation period for the
experiments) is much less than maximal. For example, a
21-day-old culture of Scenesdesraus dimorphus contained
133 X 10* individuals per milliliter, while a 4-day-old
culture contained only 275 X 10° individuals per milli-
liter. Trace element concentrations in the media were low,
but it is doubtful that one species accumulated the avail-
able supply of one or more trace elements at the expense
of the second species. Stock cultures of green algae grew
well in media prepared without additions of trace elements
(5). Sufficient trace elements were supplied as impurities
in the reagents and distilizd water. Although the cultures
were swirled twice daily, CO. concentrations were possibly
in short supply in the cotton-plugged flasks. One species
in a two-species culture might have absorbed CO. more
rapidly or have been able to use lower concentrations of
CO. than the second species and therefore monopolized
the available CO.. Blue-green algae can use lower concen-
trations of CO. than green algae and often occur in en-
vironments where CO. concentrations are low (9). If this
had been the mechanism of competition between green
and blue-green algae, the patterns of inhibition would
have been more ~onsistent and blue-green algae would
have grown poorly in cultures where green algae were not
inhibited.

Inadequate light penetration was not responsible for
reduced growth of green algae in any two-species combi-
nation. All green algae were well dispersed in the solutions.
None of the blue-green algae floated to the surface and
Oscillatoria rubescens, Anabaena flos-aquae, Lyngbya sp.,
Phormidium sp., and Nostoc muscorum grew at the bottom
of the flasks.

The role of bacteria in the inhibition of green algae can
not be ruled out in two-species culturss containing those
blue-green algae (Microcystis aeruginosa and Oscillatoria
rubescens) which were contaminated with bacteria. How-
ever, the presence of bacteria in experiments containing
Nostoc muscorum did not cause a decrease in growth of
green algae. There was no evidence of inhibition of growth
in seven species of green algae which were intentionally
infected with bacteria (5).

If two-species cultures were incubated for long periods,
one species would grow faster and compete more effectively
for nutrient resources than the second species. However,
from the standpoint of resources, a species was expected
to grow as well for 4 days in a culture with a second species
as when grown alone. The observed instances of reduced
growth of a species in two-species cultures were related to
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the presence of the second species. Inhibition of growth
was apparently caused by the excretion of one or more
substances by one alga that reduced the growth of the
other alga. There were several two-species combinations
of green and blue-green algac in which the growth of the
green alga was not inhibited. Talling (19) found 5o evi-
dence of inhibition of growth when two species of diatoms
were grown in combination.

Filtrate experiments (Table 5) were conducted under
the same culture conditions as two-species cultures. The
inhibition of green algae was caused by some substance
present in the filtrates of pond waters that was not present
in the controls. Since only filtrates from waters which con-
tained blue-green algae inhibited growth of green algae,
the inhibitory factor was assumed to kave originated from
blue-green algae. Other workers have reported that filtrates
from waters which contained blue-green algae were toxic
to greea algae (16, 20, 21).

The patterns of inhibition indicate that the same inhib-
itory agent is not produced by all species of blue-green
algae. For example, growth of Chlamydomonas sp. was
inhibited by Oscillatoria rubescens, Microcystis aeruginosa,
and Lyngbya, sp., promoted by Anabaena flos-aquae, and
was not influenced by Coccochloris peniocystis. Both
Anabaena flos-aquae and Coccochloris peniscystis inhib-
ited the growth of the six specics of green algae.

Lyngbya sp. and Phormidium sp. reduced the growth
of some green algae but not others. These twn species of
blue-green algac were gencrally less detrimental to the
growth of green algac than Oscillatoria rubescens, Ana-
baena flos-aquae, Microcystis aeruginosa, and Coccochloris
peniocystis. Apparently, Lyngbya sp. and Phormidium sp.
produced lower levels of an inhibitory substance than some
other blue-green algae. Certain species of green aigae were
more tolerant to the presence of a particular blue-green
alga than others. For example, Coelastrum microporum
was inhibited more than Ankistrodesmus falcatus by the
presence of Oscillatoria rubescens (Table 4).

Some workers have speculated on the chemical nature
of inhibitory substances produced by algae. Proctor (17)
concluded that fatty acids liberated from dead Chlamydo-
monas cells inhibited the growth of Haematococcus. Low
concentrations of several purified fatty acids were toxic
to species of green and blue-green algae in cultures. Ac-
cording to Fogg (7), Jakob found that Nostoc muscorum
produced a dihydroxy-anthroquinone which inhibited the
growth of other algac. Nostoc muscorum did not exhibit
inhibitory effects in the present study.

Chlamydomonas sp. grew better in combination with
Anabaena flos-acuae than alone. Filtrates from some
waters which contained either green or blue-green algae
also promoted the growth of green algae (Table 5). Some
algac reportedly produce substances which promote growth
of other algae (2). Growth promoting substances were
likely involved in the Anabaena-Chlamydomonas combina-
tion (Table 4). However, one can only speculate that
substances of algal origin caused increased growth in
several of the filtrates because othcr microorganisms were
present.

The present findings and results of previous workers
have established that one species of algac (especially blue-
green algae) may be toxic to a second alga in laboratory
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cultures. Furthermore, filtrates from pond waters con-
taining dense blooms of blue-green algae are inhibitory
to green algae. The ecological role of these inhibitors
in natural phytoplankton communities has not been
demonstrated.

Dense blooms of phytoplankton obviously develop in
response to high nutrient levels. It is not clear why the
blooms are often relatively unialgal (Table 6) nor is it
clear why a given species is responsible for the bloom in
a particular habitat. Blooms in groups of ponds that re-
ceived applications of fish feeds or fertilizers and located
side by side in a series ate often caused by different species
of algae. These differences in algal communities were not
related to nutrient concentrations. Temporal changes in
species composition of algal communities in waste stabiliza-
tion ponds and other cutrophic habitats were not related
to nutrient concentrations. (6).

A great many factors, including chance, affect the spe-
cies compositions of phytoplankton communities. Growth
inhibitors of algal origin are likely one of these factors. An
alga probably attains a cell density sufficient to produce
high enough concentrations of the growth inhibitor(s) to
adversely affect other species. This alga is able to increase
at a greater rate and concentrations of the inhibitor(s) rise.
The inhibitory substance(s) hold other species at low Icvels
of abundance and prevents them from competing effec-
tively with the dominant species for resources. As long as
environmental conditions are tolerable, the bloom remains
essentially unialgal. Proof of this hypothetical sequence of
events will be difficult or impossib’e to obtain, but the
circumstantial evidence indicates that inhibitory substances
of algal origin likely play an important role in the develop-
ment of the algal flora in many natural waters.
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