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This report summarizes the changes in the vhytoplankton
communities of seven lake basins following artificial enrichment
with nitrate, vhosphate and carbon. Data presented comes from
studies of Lakes 227, 30k, 226 (southeast and northwest basins),
261, and 302 {north and south basins) carried out from 1969 to
1973. A total of 280 taxa were identified and a table indicates

where they were found and at what season of the year.

Nous résumons ici les chanpements gui zont intervenus dans les
communautés de phytoplantton vivant dans sept hassins des lacs

i suite d'un enrichissement artificiel au nitrate, au phosthate
et au carbone. Les donn&es que nous présentons résultent des
dtudes effectudes entre 1969 et 1973 dans les lacs 227, 30L, 226
(bassins sud-est et nord-ouest), 261 et 302 (bassins nord et sud).
On a découvert en tout 280 taxa et 1'on a &tabli une liste qui
indique & quel endroit et 8 quelle épogue de l'année on les a

trouve.
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INTRODUCTION
This report summarizes the changes in the phytoplankton
communitites of seven lake basins in the Experimental Lake Area (E.L.A.)
near Kenora, Ontario before and after artificial enrichment.

METHODS

This report is a continuation of =tudies reported on by Kling

and Holmgren {(1972) and the methods used are the same.
RESULTS
Table I lists the taxa found in the seven experimental basins.

Lake 227 (Figure 1)

1969
Lake 227 was the first of the seven 1ake basins.tq ﬁe artifically

enriched. Fertilization began in June of 1969 with the addition of

PO4 and NO3 (Schindler et al. 1971, 1973). Prior to the first

fertilization Lake 227 had an estimated live biomass of 1000 mg/m3, and

the Chrysophyceae was the dominant class., Chromuling sp., Dinobryon

bavaricum, Dincbryon bavaricum var. vanhoeffenii, Dinobryon borgei,
Ochromonas sp., and Kephyrion sp. were the dominant gspecies. In late

August, Spondylosium planum, Staurastrum paradoxum and Staurastrum sp.,




Chlorophyta, became dominant, with a maximum averaged biomaes of 4800
mg/mB. In autumn the standing crop of phytoplankton decreased and the
previcusly dominant Chrysophyceae returned. In mid-November, Lake

227 had a live blomass of 1255 mg/ms.. A ellght increase in the Chrypto—
phyceae was recorded in December ‘under early w1nter ice, Rhodomonae

minuta, Cryptomonas pusilla, Cryptomonas SP.s and Katablepharis sp.

were the major species. The biomass remained approximately 500 mg/m3
throughout the ice-covered season and dominance did not change during

winter,

1970

At the beginning of the 1970 ice-free season, Lake 227 had an
average bilomass of 1000 mg/m3 and was dominated by the Chrysophyceans
that remained from the winter. Fertilization began in mldAMay. In
mid—June, the Chlorophyta increased until they represented 31 percent
of the standing crop. The species causing this increase were Staurastrum

planctonica, Staurastrum paradoxum, Spondylosium sp., Sphaerozosgma sp.,

and Ankistrodesmus falcatus var. spiralis. These species continued to
dominate until’Aogustt The biomass for this period ranged from 6000
mg/m3 to 10000 mg/m3 and chlorophyll a values averaged 45 ug/l. In
late August the highest blomass for the 1970 2ea50n was recorded at
15,041 mg/m .or an estlmated live cell count of 54 x 109 celle/l At
this time the Chlorophyta were 71/ of the blomaes and Cyanophyta were

147, Spondylosium planum was the major chlorophyte and Osc111ator1a

redekia was the dominant Cyanophyte. The Cyanophyta increased
throughout September. The average biomaee fluctuated between 8000-13000

mg/m . By October the blomass had declined te 1200 mg/ms, with Chrysophyceae



making up 57% of the biomass and Cryptophyceae 20%. Ochromonas sp.,

Chromulina sp., Botryococcus braunii, Dinobryon cylindricum, Mallomonas

pumilio var., and Mallomonas pumilio represented the Chrysophyceae

while Cryptomonas ovata, Cryptomonas rostratiformis, Cryptomonas

marggonii, Cryptomonas cbovata, and Katablepharis sp. composed the

Cryptophyceae. Cryptophyceae remained dominant until January 1971.

During this time, Cyanophyta averaged 30% of the live biomass, dominated

by the species Osillatoria redekia.

1971

From Japuarﬁ to late March 19?1, Chrysophycéaé remained
dominant, accpmpanied by séme oﬁ the Cyano?hyta previousiy mentioned.
The biomass for this period avéraged 500 mg/mB.  In late Maréh,

Euglenophyta increased to more than 10% of the biomass for the first

time, represented by Fuglena acus, Trachelomonas volvocina and

Lepocinelis sp. Chrysophyceae continued to dominate until June when

Oscillatoria redekia increased sharply. By early July, dominance had

changed to Chlorophyta, with Chlamydomonas sp. the dominénf species.

A peak of ?600 mg/r_n3 was reached in mid-July with a biomasz composed

of 42% Chloropbyta, 24%.Cyanophyta, 177 Crfptophyta and iZZ Chrysophyta.
In mid—August durigg a period of cool, rainy weather, biomaés began.to

decrease and dominance reverted to the chrysophyceans, Gloeobotrvs sp.

and Mallomonas pumilio. When warm weather returned in mid-August,
Chlorophyta again became dominant, and live biomass reached 7300 mg/mB,
but by September Cryptophyceae had again returned, similar to the

autumns of other years.



By late September Botryococcus braunii, Mallomonas caudata, Hetero—
'chromonas Sp. and Ploeohotggssp had become domlnant " Biomass slole'

declined to 1000 mg/m throughout the w1nter.'

1972
In 1972 Lake 227 had a spring Chrysophycean masimam of 1400
mg/ma. By early June the phytoplankton biomass had reached 4000 mg/m

and Chlorophyta was the dominant class. = Scenedesmue SPP. » Anklstrodesmus

falcatus var. spiralis, Dictyosphaerium elegans and Qocystis submarina
var. variables were the major species. This community contined
throughout the late summer season. Small peaks of Cyanophyte, mainly

Oscilletorla redekia were observed in August and September.' The biomass

for Lake 227 was extremely high in early summer, reaching 33 000 mg/m
by mid—July Corresponding chlorophyll a values were 132 ug/l Oné
July 27 the standing crop of phytoplankton measured 63, 300 mg/m , the
highest value ever recorded for the lake.

A sharp decllne occurred shortly after this peak blomass, in-
early August. As in 1971 cool, cloudy weather was closely correlated
to the:decline. The biomass recovered slowly to 9500 mg/m3 in October

when the chlorophytes Micractiniumsp.., Oocystis submarlna var. variables,

Ankistrodesmus falcatus var. spiralis, Spondylosium planum and Scenedesmus
Sp. were abundant. In contrast to other years, chlorophyte domlnance

continued until 1ate January, when the typical chrysophyceans returned

1973

The biomass in early spring of 1973 remained at 3500 ng/m3



until late May, after which a change of dominance from Chrysophyceae
to Chlorophyta occurred and the biomass doubled. Chlorophyta of the

species Dictyosphaerium elepans, Oocystis submarina var. variables,

Scenedesmus sp. and Ankistrodesmus falcatus var. spiralis dominated

the phytoplankton until September. A sharp peak was recorded early

in July with values of 22,300 mg/m3 for biomass and 123 g/l 6f
chlorophyll a. As in 1971 and 1972, cool, cloudy weather was closely
correlated With a4 sharp decline in standing crop in late July. TFor

the remaining part of the summer, the biomass fluctuated from 6000-14,000
mg/ms. During this period there were small populations of Cyanophyta

and Chrysophyta present. In September, Oscillatoria redekia became

the dominant species of phytoplankton but caused no great increase in
live biomass values. Bacillariophyceae were conspicuous, but at no

time made up more than 10% of the biomass.

Lake 304 (Figure 2)

1969

Sampling of Lake 304 began in the spring of 1969. Bamples
were taken from 0 to 5 meters at depth intervals of 1 meter throughout
the seasons. At this time, Lake 304 had an average live biomass of
1250 ﬁg/mB. Eighty—five percent of the biomass was Chrysophyceae.

Botryococeus braunii, Chrysoikos sp., Pseudokephyrion sp., Chromulina

spp., Dinobryon bavaricum and Dinobryon bavaricum var. vanhoeffenii

were the dominant chrysophycean species. Biomass values increased
slightly throughout the summer, reaching a peak of 3304 mg/m3 with a

corresponding chleorophyll a value of 20) Hg/l on July 29. Sixty-eight



percent of the biomass was composed of chrysophytes dﬁring this périod

and small populatioqs of Chlorophyta, Cryptophyta and Cyanophyta were

also present. Spondylosium sp., Arthrodesmus incus and Tetraedron

minimum were the chlorophycean species, Cryptomonas marssonii and

Cryptomonas cbovata represented the Crypto?hjceae while the Cyanophyta

were composed of Synechococcus sp. and Oscillatoria sp. In early

October, biomass deereased to 500 mg/m3 and for the first time

Bacillariophyceae (Synmedra acus and Melosira spp.) represented more
than 10% of the étanding crop of phytoplankton. Biomass increased
under ice cover and in mid-December averaged 1200 mg/ma. Chrysophyceae
were still dominant with the same species as mentioned previously.

Cryptophycean species, Rhodomonas minuta, Katablepharis sp. and

Cryptomonas spp. continued to represent an average of 107 of the

standing crop throughout the winter.

1970

Winter biomass for Lake 304 averaged 1000 mg/m3 and chlorophyll
a averaged 10 pg/1 in 1970. Chrysophyceae represented 75% of the
standing crop with the same species as mentioned in 1969. In early

May, Cyanophyta species, Synechococcus sp. and Lynghya pseudospirulina

represented 30% of the live cell biomass. 3By early June, the Cyanophyta
had declined to less than 10% and Chrysophyceae again represented

75%. Species present at this time were Kephyrion boreale, Monomastix

8p., Botryococcus braunii, Dinobryon sertularia, Dinobryon divergens,

Dinobryon bavaricum, Mallomonas globosa, Mallomonas spp., Mallomonas

pumilic, Chrysoikos skuja, Bitrichia sp., Chromulina globosa and




Chrysochromulina parva var. Biomass increased slowly and a maximum
integrated wvalue of 2400 mg/m3 was reached in late September. .Biomass
decreased to 1500 mg/m3 by mid-October. Chrysbphyceae still.dominated,
very seldom droppiﬁg ﬁelow 807. Small populations of Cyanﬁphyta,
Chlorophyta and Peridineae were fresent during tﬁe period; no one

group made up more than 10% by itself at any one time. Chrysophyceae
remained dominant during the ice-covered season ﬁith species of Dinobryon

bavaricum, Mallomonas pumilic and Botryococcus braunii more common.

Euglenophyta were present throughout 1970 but were never an.important

part of the biomass.

1971
Winter biomass in Lake 304 averapged 500 mg/m3 and as in 1969

and 1970, Chrysophyceae were dominant. Botryococcus braunii, Mallomonas

sp., Dinobryon erenulatum, Chromulina sp. and Chrysoikos sp. were

present. In late March, a slight increase in Cyanophyta was recorded

with Lyngﬁya pseudospirulina the major species. Artificial enrichment
with NH4C1, sucroée and HSPb4 began in eariy May; Specieé composition
of the phytoplankton started to change in late May with a decrease in

the Chrysophyta and an increase in the Cryptophyceae mainly the species

Cryptomonas obovata, Cryptomonas marssonii, Cryptomonas pusilla and

Katablepharis sp. Chrysophyceae in early June were 877% of the biomass
and the Cryptophyceae were replaced with Cyanophyceae. In mid-June,

Cyanophyta became dominant making up 56% of the biomass. Merismopedia

sp. and Lyngbya pseudospirulina represented 757 of the dominant

cyanophycean population. Lyngbya pseudospirulina was found only at



5 meters during this period and at the surface during fall turn over.

Cyanophyta dominance lasted until August when Chlorophyta became

dominant with Scenedesmus denticulatus, Arthrodesmus incus, Staurastrum

paradoxum and Chlamydomonas sp. During this period; Cyanopﬁfta,

represented by the previously mentioned species, éomposed 21% of the
standing crop of phytoplankton. ﬁiomass values reaéhed 14,500 mg/m3
or a live cell estimate of 50 x 109 cells/1., Corresponding average
chlofﬁphyll a values for this date were 78 ug/l. The biomass sloﬁly

decreased and by October was down to 3200 mg/ma.

1972

Biomass values averaged 2100 mg/m3 throughout late winter and
Chlqrophyta composad 947% of the live biomass. The same speéies present
in late October 1971 dominated throughout the winter of 1972.

In earl& April, Lake 304 had an average biomass of 1451 mg/m3
and Chlorophyta were still dominant, composing 76% of the standing crop.

Cyanophyta species, chiefly Osecillatoria redekia, composed 16% of the

biomass during this period. Chlorophyceae remained dominant up until
mid-June. At this time, the biomass reached 19,000 mg/m3 and was
composed of 53% Chlorophyta, 22% Chrysophyceae, 12% Cryptophyceae and
10% Cyanophyta. Annual fertilizafion,.idéntical to 1971, began iﬁ
mid-May. The blomass slowly declined throughout late June and early
July. During this period, the dominance changed to Cryptophyceae.

Cryptomonas erosa, Cryptomonas pusilla, and Rhodomonas minuta were the

major cryptophytes at this time. Cryptophyceae remained dominant
throughout July, August and early September. Biomass during this

period continued to increase and on September 6, a maximum of 23,800



mg/m3 was reached with corresponding chlorophyll a values of 20.2
ug/l. During this period, 90% of the standing crop of phytoplankton
were Cryptophytes. As the season progressed, the biomass decreased
and by early October measured 11,000 mg/mB. Cryptophyceae with the

same species previously mentioned and Chlorophyta with Chlamydomonas

sp., Scenedesmus denticulatus and Ankistrodesmus falcatus var. spiralis
now shared a co-dominance both composing 457 of the 1ive phytoplankton.
This trend lasted until mid-November when under early winter ice,

Chrysophyceae became dominant. Dominant were Synura uvella, Chromulina

sp. and Dinocbryon crenulatum. During this period, Chrysophyceae

composed 48% and Chlorophyta 31%. Biomass under early winter ice was

2900 mg/m3 and it decreased slowly towards spring.

1973
Biomass in late January was 1500 mg/m3, but dominance had

reverted from Chrysophyceae back to Chlorophyta. Scenedesmus denticulatus

and Ankistrodesmus falcatus var. gspiralis were the two most abundant

species at this time. This dominance was recorded until early May when

the dominance again shifted to Chrysophyceae due to Dinobryon sertularia,

Bicoeca sp. and Chromulina sp. Fertilization began in early May
with the same nutrients as previous years except that P04 was not added.
Chrysophyceae remained dominant until the end of May when Chlorophyceae
became dominant with the same species as in 1972. Chlorophyta at the
time composed 417, Chfysophyceae 28% and for the first time in Lake
304, Peridineae composed more than 10%. Biomass increased throughout

June and reached a maximum of 10,783 mg/m3 on June 27. Chlorophyta
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were 80% of the biomass an& Peridineae with species, Peridinium
inconspicum and Gymodinium spp. were 11%. Chlorophytes remained
dominant for the remaining part of the season. Biomass decreased
sharply, after peaking in June, to 1400 mg/m3 but increased throughout
August and September, averaging 4000 mg/mB. During this period small

populations of chrysophytes were recorded, chiefly Dinobryon'cylindricum,

Botryococcus braunii, Bitrichia sp., Synura uvella and Mallomonas

caudata.

Lake 226 (Figure 3)

Lake 226 has two basins (northeast and southwest) connected
by a narrow channel. A vinyl sea curtain was inserted in the narrowest
part of the channel in 1973 and each basin was then treated as a
separate lake. The northeast basin was fertilized with phosphorus,
nitregen and carbon while the southwest basin received only nitrogen.

and carbon (Schindler, 1974).

Lake 226 - Southwest 1973

Lake 226 southwest was sampled for the first time in early
May of 1973. At this time, it had a live biomass of approximately

1000 mg/m3 and was dominated by chrysophycean species Synura uvella,

Botryococcus braunii, Dincbryon havaricum, Dinobryon crenulatum,

Dinobryon suecicum, Mallomonas pumilio, Mallomonas spp. and Chromulina

sp. Chrysophyceae at this time composed 70% of the standing crop of
phytoplankton. In mid-May fertilization began with weekly additions
of sucrose and NaNO,. Chrysophyceae remained dominant until late

3

July when Diatomeae increased sharply and became co-dominant. Tabellaria
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fenestrata, Tabellaria floecculosa, Asterionella formosa, Cyclotella sp.

and Rhizosolenia eriensis were the major contributors to this increase.

Biomass reached a summer maximum at this time of 3200 mg/mB. Co-

dominance between Chrysophyceae and Diatomeae lasted until early

September when the chlorophyte specles Staurastrum sp. and Spondylosium
planum replaced the Diatomeae. Biomass averaged 2900 mg/m3 and was
composed of 37% Chrysophyceae, 26% Chlorophyceae, 16% Cyanophyéeae and
12% Diatomeae. Biomass declined slightly through September but increased
to 3400 mg/m3 in early October. This increase was attributed mainly

to an increase in Stauragtrum paradoxum.

Lake 226 ~ Northeast 1971

Lake 226 northeast was sampled periodically throughout the
1971 season. . Biomass averaged 600 mg/m3 from May to late Aupgust and

was dominated by Chrysophyceae species Dinobryon bavaricum, Dinobryon

crenulatum, Botryococcus braunii, Synura uvella and Chromulina sp.

Throughout this period small populations of Diatomeae, Chlorophyceae
and Peridineae were also recorded. In mid-September the average
biomass increased to 1683 mg/mB. Chrysophyceae were still dominant

with the same species as previously mentioned.

1973
Lake 226 northeast was not sampled in 1972. Sampling on a
regular basis began in early May, 1973. Biomass at this time averaged

850 mg/m3 and Chrysophyceae were dominating with species Botryococcus

braunii, Dinobryon bavaricum, Dincbryon crenulatum, Dinobryon stecicum,

Chrysoikos sp. and Synura uvella. In mid-May biomass increased to

2700 mg/m3. Fertilization began in mid-May with the same amounts of
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suctrose and NaN03 as were added to Lake 226 southwest, but PO4 was
added in addition. Biomass continued to increase and in late June
peaked at 13,425 mg/mB. In mid-July Diatomeae became dominant composing

46% of the atanding crop of phytoplankton, Tabellaria fenestrata,

Tabellaria flocculosa, Synedra acus, Asterionella formosa and

Rhizosolenia eriensis were the major diatoms. Biomass at this time

had declined to 1900-mg/m3. Diatomeas dominated until mid-August when

Anabaena spiroides became dominant, representing 607% of the sténding

crop. Cyanophyta dincreased to 86% of the total biomass by early
September; at this time biomass values reached 5500 mg/m3 with
corresponding chlorophyll a values of 28 ug/l. In September dominance
shifted slowly from Cyanophyta back to Chrysophytes. ©Biomass had
declined following this change, but by mid-October had again increased
ta 5469 mg/ms. Chrysophyceae now represented 647, Cryptophyceae 107,
and Diatoﬁeae il%, 'Biomass declined throughout November te 1000 mg/m3

under early winter ice and Chrysophyceae remained dominant.

Lake 261 (Figure 4)

1971
Lake 261 was sampled monthly throughout the summer season of
1971 from May onward. In May Lake 261 had a live biomass estimated at

426 mg/ma. Chrysophyceae were dominant with species Botryococcus

braunii, Dinobryon bavaricum, Dincbryon bavaricum var. vanhoeffenii,

Dinobryon crenulatum, Mallomonas pumilio and Chromulina sp. Biomass

increased slowly, reaching 1000 ing/m3 by late June. Dominance had

changed tofcvnnophyta, chiefly Merismopedia glauca; Rhahdoderma

oS = 3 = bl
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lineare, Chrooccoccus dispersus. In mid-July biomass values reached

1300 mg/m3 and Chrysophyceae had again become dominant (44% of the
standing crop) with the same species as previously mentioned. Cyanophyta
were still present composing 37% with the same species as mentioned
earlier. Biomass peaked in mid-August at 43N0 mg/mB, with Cyanophyta
representing 88%. The species mentioned previously were dominant.
Averape chlorophyll a values at this time were 8 pg/l1. Biomass declined
throughout the fall and by mid-December was 100 mg/m3 with the same
species present. At this time the standing crop of phytoplankton was

composed of 56% Chrysophyceae, 17% Cyanophyceae and 14% Cryptophyceae.

1972
As in 1971 Lake 261 was sampled monthly throughout the summer
season. In early May average live biomass was 528 mg/m3 and Chrysophyceae

were dominant with species Dinobryon cylindricum, Dinobryon diverpens,

Botryococcus braunii, Mallomonas pumilio, Chrysoikos skuja and Chromulina

sp.. Peridineae (Peridinium aciculiferm, Peridinium pusillum, Peridinium

inconspicum and Peridinium spp.) for the first time represented more

than 10%Z of the standing crop. Dominance changed to Cyanophyta in
early June with the same species that occurred in 1971. Average biomass
was 1200 mg/m3 with a corresponding chlorophyll a value of 6 ug/1.

This dominance lasted until late June when Chrysophyta became dominant,
composing 78% of the standing crop of phytoplankton. Mallomonas sp.,

Botryococus braunii and Dinobryon bavaricum were the major chrysophycean

species, Cyanophyta became dominant in late July and lasted throughout

August. 6Gleeotheca sp., Chroococcus dispersus and Merismopedia glauca
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were the major cyanophyte species. Biomass during this time averaged

1600 mg/m3 and chlorophyll a measured 9 pg/l.

1973
In early May, 1973, Lake 261 was dominated by Chryscophyceae

species, Mallomonas pumilio, Synura uvella, Dinobryon bavaricum,

Dinobryon crenulatum and Chromulina sp. and had an averaged biomass of

1050 mg/mB. Fertilization of Lake 261 began in mid-May with the weeldy
additions of PO&' in éontrast to the two previous years, Chrysophyceae
remained dominant throughout the summer, with small populations of
Cyanophyta, Chlorophyta, and Cryptophyta. The highest biomass values
for the year occurred on July 31, 2800 mg/ma, with a chlorophyll a

value of 14 pg/l. Euglenophyta (Trachelomonas hispida, Trachelomonas

volvocina, Euglena acus and Euglena cf. gracilis) for the first

time represented 107 of the standing crop. Biomass declined slowly

throughout the remaining months and by December had reached 870 mg/m3.

Lake 302 (Figure 5)

Lake 302 has two basins (north and south), connected by two
narrow channels. Lake 302 North was artificially enriched below the
hypolimnion (8 meters) with weekly additions of NH4CL, HB P04 and

sucrose. Lake 302 South was untreated and used as a control.

Lake 302 South 1972

Sampling of Lake 302 South began in late May 1972. At this

time the standing crop of phytoplankton was estimated at 526 mg/m3 and

was dominated by the chrysophyte species Pseudokephyrion sp., Chromulina



15

sp. and Dinobryon bavaricum. Chrysophyceae remained dominant throughout
the fuil vear., In mid-August the highest biomass value for this year
was reached at 1231 mg/m with a corresPQndlng chlorophyll a value of
4.8 ug/l The standlng crop was composed of 487% Chrysocphyceae, 257
Cyanophyceae, 10% Chlorophyceae and 9% Diatomease. Chrysophyceae were
represented by.the same épecies as previously mentioned while Anabaena

sp, and Lyﬁgbya pseudospirulina were the major cyanophyte species.

Arthrodesmus incus, Staurastrum spp., Quadrigula closteroides and

Ankistrodesmus falcatus var., spiralis represented the chlorophytes

and Synedra acus, Tabellaria flocculosa, Asterionella formosa,

Cyclotella comta and Rhizosolenia eriensis composed the diatoms.

Biomass declined throughout the fall and in mid-October averaged 965
mg/mB. Chrysophyceae represented 517% with Cyanophyta composing 217% of
the live biomass. Chrysophyceae remained dominant throughout the

winter months.

1973
In early spring of 1973 Lake 302 South had a live biomass
composed of 79% Chrysophyceae, 7% Cryptophyceae and 6% Chlorophyceae

with an integrated biomass wvalue of B16 mg/ma. Synura uvella,

Chromulina sp., Botryococcus braunii and Dinobryon sertularia were the

chrysophyte species present., Chrysophyceae as in the previous year
remained dominant throughout the full year. There was a sharp increase
in biomass in mid-May. Biomass peaked at 4725 mg/mB; chlorophyll a

for this time averaged 5.9 ug/l. Mallomonmas pumilio, Pseudokephrion sp.,

Dinobryon bavaricum, Dinobryon bavaricum var.vanhoeffenii,, and Dinobryon

crenulatum were the major chrysophytes contributing to this peak.
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Small populations of Diatomeae were also present throughout most of

the season, mainly Asterionella formosa, Tabellaria flocculosa,

Tabellaria fenestrata, Synedra acus, Rhizosolenia eriensis and Cyclotella
sp. Bilomass declined throughout the summer averaging 1500 mg/m3 by

late September. In late October biomass increased to 2800 mg/m3.

This was due to an increase in Mallomonas pumilio and Synedra acus.

Lake 302 North 1972

Lake 302 North had an early spring biomass of 647 mg/ﬁ3 in
1972, As in the South basin Chrysophycéae dominated the phﬁtoplankton
throughout the year. Biomass averaged 1100 mg/m3 in Jﬁne, July, and
August. Artificial enrichment of 302 Worth began in early June, with
H3P04, NH4C1 and sucrose pumped below the thermocling into the |
hypolimnion at a depth of 8 meters. In 1a£e Aupust the biomass values
increased to 1807 mg/mB. Chrysophyceae composed 41% of the live

blomass with Chrysosphaerella lomgispina, Botryococcus braunii,

Uroglena americanam and Dinobryon bavaricum the most important species.

Cyanophyta represented 287 with Anabaena sp., Rhabdoderma liniaris,

Rhabdoderma gorski and Chroococcus limmeticus being important.

Biomass then declined in September and October. Cyanophyta continued
to represent 277 of the average biomass until late October when the

Crytophyceae Cryptomonas erosa, Cryptomonas ovata, Katablepharis sp.

and Rhodomonas minuta, increased. Cryptoptyceae slowly decreased,

being replaced by the diatoms Rhizosolenia eriensis, Cyclotella comta

and Synedra acus. Biomass in December was 663 mg/ms. Chrysophyceae

remained dominant through the winter.
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1973
Lake 302 North had a live blomass of 2602 mg/m3 in early May

with Chrysophyceae dominating. Mallomonas pumilio, Mallomonas globosa,

Chrysoikos sp., Dinobryon crenulatum, Dinobryon bavaricum, Botryococcus

braunii, and Synura uvella were the most abundant species present.

Biomass doubled by late May (5038 mg/mB) with an increase in all the
above mentioned species. Chlorophyll a for this date averaged 1.8
ug/l, Artifiecial enrichment began in late May, with the same amounts
of fertilizer added as in 1972. Chrysophyceae remained dominant
throughout the year, seldom dropping below 50% of the live biomass.
Biomass declined after the late spring peak, averaging 1500 mg/m3
through June and July. In late July an increase in Diatomeae was

recorded with Asterionella formosa, Tabellaria flocculosa, Tabellaria

fepestrata, Synedra acus and Rhizosolenia eriensis composing 277% of the

standing crop of phytoplankton. Biomass had increased to 2075 mg/m3 in
late August, and Diatomeae were replaced by the Cryptophyceae.

Cryptomonas erosa, Cryptomonas sp., Katablepharis ovalis and Rhodomonas

minuta, these species remained throughout the fall and winter months.
Biomass declined to 1048 mg/m3 by December, with Chrysophyceae dominant
as usual,

DISCUSSION

Non-fertilized Lakes

Lakes not fertilized in the Experimental Lakes Area (E.L.A.)
are dominated by Chrysophyceae with lesser populations of Cryptophyceae

and Diatomeae. Examples of these lakes (239, 383, 228, 302 south) all
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have an average winter biomass of about 500 mg/m3 and a summer average
biomass of about 1200 mg/m3. Chlorophyll in these lakes never excéeded

5 ug/t.

Epilimnion Fertilization

All lakes receilving phosphorus and nitrogen in the epilimnion
had a major increase in standing crop and changes in species composition.
Previous to fertilization these lakes (226 northeast, 227 and 304) were
comparable to unfertilized lakes both in species composition and in
biomass. After fertilization biomasses ranged from 10,000-63,000
mg/m3 and chlorophyll values increased to as high as 200 pg/l. Lake
227's standing crdp shifted from Chrysophyceaean dominance (Dinobryon

spp., Chromulina spp. and Chrysccoccus s=p.)} to Chlorophyeaean dominance

(Oocystis submarina, Ankistrodesmus falcatus var. spiralis, Scenedesmus

denticulatus and Chlamydomonas sp.) with large populations of Cyanophyta

(Oscillatoria redekia) during the summer.

Lake 304 alsc shifted towards Chlorophyta. Scenedesmus denticulatus,

Chlamydomonas sp. and Qocystis submarina were important with large

populations of Cyanophyta (Lyngbya pseudospirulina at 5 meters and

Merismopedia sp.) during the period of fertilization.

Cyanophyta became dominant in late summer in Lake 226 northeast

in years when fertilizer was added. Anabaena spiroides and Anabaena

solitaria fa. planctonica (1974 data) predominated in the phytoplankton

populations; both species are nitrogen fixers (R. Flett, personal

communication).
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Lake 226 southwest received the same amount of C and N as did
tﬁe northeast basin but had no PD4 added. Biomass did not increase
above control lakes, averaging 2,000 mg/m3 with summer maximums of
3,200 mg/mB. Chlorophyll values exceeded 10 ug/l only on two
occasions during early June and September (1974 data). Speciles
composition remained dominated by Chrysophyceae species Dingbryon

bavaricium, Dinobryon suecicum, Mallomonas pumilio, and Synura uvella.

Large populations of Diatomeae were also recorded with species

Tabellaria fenestrata, Tabellaria flocculosa, and Asterionella formosa.

Recovery of Lake 304 After PO, is Controlled

4

With the additions of fertilizer (P+N+C) both bibmass and
composition of the phytoplankton in Lake 304 increased. Biomass
values increased to 18,000 mg/m3 from prefertilizétibn values of 1,200

mg/mB. In 1973 PO, additions were terminated, while nitrogen and

4
carbon continued to be added. Biomass declined slbﬁly, averaging

4,000 mg/m3 the first summer. Chlorophyta remained dominant but the
Cyanophyta disappeared. The large percentage of.the chrysophyceans
typical of unfertilized lakes returned. Epilimmion chlorophyll

values during POa_enrichment had reached values as high as 182 ug/1.

in the first year after P addition ceased it never exceeded 30 wg/l.

In 1974 Chlorophyta was still dominating but more peaks of Chrysophyceae
mainly Dinobryon sp. and Peridineae were noticeable. Chlorophyll

values during the 1974 summer averaged approximately 20 pg/l with a

maximum value of 136 ug/l recorded at 5 meters on the 7 August,

which declined to 20 ug/l the following month.
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Hypolimnion Fertilization

Lake 302 ﬁorth was fertilized with C, N and P below the
thermocline for 2 years. Previous to fertilization 302 north had an
average biomass of 1000 mg/m3. Chlorophyll values averaged 5 ug/l
and Chrysophyceae were dominant with high populations of Diatomeae
occurring as well. During the period of enrichment no changes were
recorded. In striking contrast to the lakes where epilimnions were
fertilized with C, N and P, biomass remained low with summer maximums
in the epilimnion up to 6,000 mg/ma. Epilimnetic chlorophyll never
exceeded 10 pg/l and Chrysophyceae continued to dominate the standing
crop. Recent investigations using in vivo flucrometer by E. J. Fee
(personal communication) have shown that massive populations of algae
(up to 327 ug/l) exist in the upper hypolimnion of this lake during
late summer. ihis biomass peak is limited to a very narrow depth range
and our previous sampling method (taking samples at fixed depths)
missed the peak completely. The peak is so massive that the total mass
of chlorophyll in the lake was six times higher than estimates made

with the old sampling method. Dinobryon sertularia var. protuberans

was the only species present in samples from this peak. Further

Investigations of this phenomenon are needed.

Epilimnion Fertilization with PO4

Lake 261 was enriched with PO4. Previous to fertilization it

had a summer dominance of Cyanophyta with species Merismopedia glauca,

Chroococus dispersus and Rhabhdoderma gp. Biomass averaged 1,500 mg/m3

and chlorophyll averaged 5 ug/l. After fertilization dominance -
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shifted towards Chrysopliyceae. Synura uvella, Dinobryon bavaricum,

Dinobryon crenulatum and Mallomonas pumilio. Biomass did not increase

significantly. However, E. Fee (personal communication) found a
hiomass_peak of 311 ug/l of chlorophyll in the metalimnion of this

lake in 1974, .As was the case in L. 302 N, our zampling scheme missed
this concentratiqn of chlorophyll and the effect of fertilization with
P alone can probably not be judged until_the lake is adequately sampled

for a period of a year.
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