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ABSTRACT

Findlay, D. L. 71978. Seasonal successions of phytoplankton in seven
lake basins in the Experimental Lakes Area, Northwestern Ontario,
following artificial eutrophication. Data from 1974 to 1976.
Can. Fish. Mar. Serv. MS Rep. 1466:iv + 41 p.

This report summarizes the changes in the phytoplankton communities
of seven lake basins following artificial enrichment with nitrate, phos-
phate and carbon. Data presented comes from studies of Lakes 227, 304,
226 (south and north basins), 261, and 302 (north and south basins) carried
out from 1974 to 1976. Included are 14 figures showing total biomass and %
composition and 14 tables Tisting common species found throughout the study.

Key words: phytoplankton; planktonic algae; biomass; lakes; eutrophication;
enrichment,

RESUME

Findlay, D. L. 1978. Seasonal successions of phytoplankton in seven
Take basins in the Experimental Lakes Area, Northwestern Ontario,
following artificial eutrophication. Data from 1974 to 1976.
Can. Fish. Mar. Serv. MS Rep. 1466:iv + 41 p.

Le présent rapport résume les changements provoqués dans les communautés
phytoplanctoniques de sept bassins lacustres par 1'enrichissement artificiel
a 1'aide de nitrates, de phosphates et de carbone. Nos données proviennent
des études menées sur les lacs NOS 227, 304, 226 {bassins nord et sud), 261
et 302 (bassins nord et sud), de 1974 & 1976. Nous incluons 14 figures donnant
la biomasse totale et la composition (%) et 14 tableaux qui présentent Tes
espéces les plus communes rencontrées pendant 1'étude.

Mots clés: phytoplancton; algues planctoniques; biomasse; lacs; eutrophisation;
enrichissement.



INTRODUCTION

This report summarizes the seasonal success-
jons of phytoplankton communities in seven lake
basins in the Experimental Lakes Area (E.L.A.) near
Kenora, Ontario from 1974 to 1976. It also dis-
cusses the possible effects of altering the N/P
ratio to induce the presence of nitrogen-fixing
cyanophytes.

" METHODS

Identification and counting technigues were
the same as those described by Kling and Holmgren
(1972). 1In 1974, sampling was also as described
by Kling and Holmgren fep. eit.). In 1975 and
1976, following the discovery of thin layers of
high algal biomass in the thermocline and hypolim-
nion, samples were taken with an integrating sam-
pler (Fee 1976). Sampling intervals %epi]imnion,
metalimnion, hypolimnion) were determined from
temperature, 1ight and chlorophyll profiles of
gach basin. For further details on sampling, see
DeClercqg et al. (1977}.

RESULTS
LAKE 227
1374 (Figure 1, Table 3)

Lake 227 in January of 1974 was dominated by
Chrysophyceae. Several chiorophycean species were
also present in appreciable numbers. The biomass
during this time was extremely low (540 mg/m3). In
February dominance shifted to chlorophytes with
those species which were present in January compos-
ing the majority of the standing crop of phytoplank-
ton. This trend continued until early April, when
cyanophytes became co-dominant with chlorophytes
and euglencphytes. Total biomass did not increase
from that recorded in January. In early May dom-
inance reverted to Chrysophyceae; Chryptophyceae at
this time represented 47% of the standing crop.
Fertilization began in mid May with the same concen-
trations of WaM03 and H5PO, being added as in pre-
vious years (N/P ratio of 15/1 by weight, Table 1).
Crypiophyceae represented 60% of the living biomass
by late May. Chrysophyceae had decreased from 40%
to 20% of the biomass. Cryptophyceae remained
dominant until early June when, as in previous years,
Chlorophyceae became dominant, representing 35% of
the phytoplankton volume. Biomass increased to
11,892 mg/m? and chlorophyll @ values increased
from spring values of 7.6 wg/L to 10.3 pg/L. Chlor-
ophyte diversity decreased in mid July, but this
group continued to dominate the phytoplankton for
the remainder of the ice-free season. During this
period, small pulses of Cyanophyceae and Peridi-
neaa occurred. In tate November Oseillatoria
Redekhei had increased to 32% of the 1iving biomass
which was 8293 mg/m3. The corresponding chiorophyll
a vatue for this period was 29.1 pg/L. Bacillar-
iophyceae were conspicuous but never represented
more than 13% of the biomass.

1875

Epilimmion (Figuwre 1, Table 3): Sampling of
Lake 227's epilimnion began in early May of 1975,
At this time the epilimnion was dominated by Crypto-
phyceae which represented 40% of the 1iving biomass
and Chliorophyceae represented 33% of the standing
crop. The maximum spring biomass was 3874 mg/m?,
coinciding with an average chlorophyll a concentra-
tion of 7.4 pg/L. Fertilization began in mid May
with the weekly additions of NaNO; and HiPO, at a
N/P ratio of 5/1 by weight compared to 15/1 for
previous years. By late May, chlorophytes had
doubled in population and several other chlarophy-
cean species appeared jncreasing their contribution
to 64% of the phytoplankton biomass. The average
biomass at this time was 15,000 mg/m3. It continued
to increase until late June, when a yearly maximum
value of 24,471 mg/m? was recorded. Chlorophyceae
remained dominant until late June when Chrysophyceae
hecame dominant and biomass decreased to 6,800 mg/m3.
During Tate July through August small populations
of the cyanophytes Osecillatoria Redekei and Aphani-
aomenon gracile {a& nitrogen-fixing filamentous
cyanophyte) were present. By late September, these
two species were co-dominant with the chrysaphytes.
Aphanieomenon graeile became the dominant species
early in October composing 35% of the Tiving biomass.
At this time, nitrogen-fixation by Aphanizomenon
gracile was detectable using 15Ny uptake method
(R. Flett, personal communication). In mid October
chrysophytes became co-dominant with the existing
cyanophytes. These continued to dominate throughout
the remainder of the year. Euglenophyceae, Bacillar-
jophyceae and Peridineas were present on severa]
occasions but never compesed more than 10% of the
standing crop at any one time.

Hypolimion (Figure 8, Table 4): The hypalimnion
in Lake 227 was dominated by chlorophytes in mid
May. The average biomass was 6947 mg/m3, with a
corresponding chlerophyll a value of 14.7 pg/L.
Chrysophyceae represented 25% of the phytoplanktaon
standing crop at this time with several species.
Chiorophyceae dominated from early May until mid
August. In early July biomass peaked at 22,959 mg/m3
then slowly receded throughout August. Cyanophytes
composed 15% of the biomass until mid July. Aphan-
izomenon gracite became abundant, increasing the
Cyanophyceae to 46% of the algal volume by late
August making it the dominant group. Chlorophyceae,
Cryptophyceae and Chrysophyceae each composed 15%
of the biomass. This trend continued for the remain-
der of August. By early September the epilimnion
extanded below the 1% Jight level and the hypolim-
nion was no longer sampled.

1876

Epilimmion (Figure 1, Table 3): The epilimnion
in Lake 227 had a hiomass represented by 39% Chryso-
phyceae, 33% Cyanophyceae, 10% Euglenophyceae and
10% Cryptophyceae in early January (1976). Biomass
was 1000 mg/m? with corresponding chiorophyll a
values of 8.4 pg/L. In late April biomass had in-
creased to B598 mg/m? and Chrysophyceae dominated
with the appearance of several new species. Cyano-
phyceae decreased, now representing only 9% of the
biomass. In early May a small pulse of Peridineae
was recorded. Biomass had decreased to 4496 mg/m?.
In mid May Dinobryon sociale var. Americamuen appeared
in large numbers causing the biomass to double
(9290 mg/m3) and chlorophyll a increased to 11.25 pg/L.



Weekly additions of NaWO3 and H3iPOy at a ratio of
5:1 by weight began in mid May. Dominance shifted
to Cyanophyceae in early June, representing 57%

of the total biomass which had increased to 12,756
mg/m?. Chlorophyceae with several species represen-
ted an additional 30% of the standing crop. Chloro-
phytes became dominant in mid-June composing 61%

of the biomass, which had decreased to 10,699 mg/m3.
On July 27 biomass peaked at 20,113 mg/m? and chloro-
phyll a increased to 25.5 pg/L; dominance had shifted
to Peridineae. Chlorophyceae decreased representing
34% of the biomass. By mid August Peridineae had
disappeared and dominance 'reverted to those chloro-
phycean species which had dominated eariier. 1In
addition several new species were present. Biomass
had decreased to 17,043 mg/m?® and chlorophyl1l a
increased to 28.5 po/L. In late August Cyanophyceae
reappeared representing 17% of the biomass with
Oscillatoria Redekei and Aphanizomenon gracile.

At this time nitrogen-fixation was detectable
(Barbara Graham, personal communication). Biomass
had decreased to 12,568 mg/m3 at this time (late
August} and continued to decrease reaching 5,500
mg/m3 in mid September. Cyanophyceae represented
26% of the biomass with Osecillatoria Redekei rep-
resenting 96% of it. Nitrogen-fixation had de-
creased to an insignificant amount {Barbara Graham,
personal communication). Chlorophyceae continued

to dominate, with those species found earlier. In
early October dominance shifted to Peridineae which
represented 55% of the biomass (12,067 mg/m3).
Peridineae continued to increase and, in late Octo-
ber, represented 63% of .the standing crop. Biomass
had increased to 13,167 mg/m?*. Diatomeae were
present during the ice-free season but never rep-
resented more than 5% of the biomass at any one
time.

Metalimmion (Figure 2, Table 4): In mid-May
the metalimnion of Lake 227 was dominated by chry-
sophytes. DBiomass was 9913 mg/m? with a corres-
pording chlorophyll a vaiue of 13.2 ug/L. Peri-
dineae represented 29% of the standing crop with
the cyanophycean species representing 18%. Dom-
inance shifted to Cyanophyceae in. early June. In
‘mid June Chlorophyceae became dominant with an
increase in sevaral species. Biomass increased to
16,388 mg/m® and then decreased to 11,015 mg/m3
in early July. By mid July the phytoplankton
community was represented by 29% Cyanophyceae, 23%
Peridineae, 21% Chlorophyceae and 12% Cryptophyceae.
Biomass increased to 14,407 mg/m3 several weeks
later when cyanophytes and chlorophytes formed a
co-dominance. Biomass continued to increase and
by mid August reached 23,194 mg/m3. Chlorophyll
a had reached 38.2 pg/L. Dominance had shifted
at this time to Peridineae which represented 54%
of the total biomass. Chlorophyceae continued
to represent 27% of the biomass and Cyanophyceae
12%. Biomass decreased rapidly throughout the
Tatter part of August, reaching 11,048 mg/m3
{Auqgust 26). Biomass increased s1ightly in mid
Septenber (14,016 mg/m?) and Peridineae continued
to dominate the metalimnion.. Sampling of the meta-
Timnion ceased in mid September with the deepening
of the epilimnion. .

Hypolimnmion (Figure 2, Table 4): The hypolim-
nien in Lake 227 was sampled for a brief period
after winter breakup, due to the deepening of the
metalimnion below the 1% 1ight level. Chrysophyceae
dominated the phytoplankton throughout May. Cyano-
phyceae consistently represented 15 to 20% of the
biomass, while Peridineae composed from 12 to 20%.

Chlorophyceae were also present in small numbers.
Bigmass increased from 5236 mg/m3 in early May to
7288 mg/m3 in late May.

LAKE 226 SOUTH
1974 (Figure 3, Table 5)

Lake 226 south was dominated by Chrysophyceae
in late January 1974. Biomass values at this time
were 397 mg/m3. Phytoplankton species and caompo-
sition did not change during tihe remaining period
of the ice-covered season. In mid May an average
biomass value of 1857 mg/m® was recorded with a
corresponding chlarophyll a value of 5.8 ug/L.
Chrysophyceae continued to deminate, while, Crypto-
phyceae represented B% of the standing crop of
phytoplankton at this time. Artificial enrichment
of Lake 226 south began in mid May. As in previous
years, sucrose and NaNO3 were added at weekly
intervals in the amounts shown in Table 1. Biomass
values had increased to 1581 mg/m3 by late May.
Chrysophyceae continued to dominate the standing
crop representing 73% of the total biomass. In
mid June bicmass values had increased to 4448 mg/m?
and was represented by 76% Chrysophyceae, 10%
Bacillariophyceae and 8% Cryptophyceas. Biomass
decreased in late June to 3367 mg/m® and species
composition changed to 59% Chrysophyceae, 21%
Diatomeae, and 15% Peridineae. Biomass values
decreased to 1500 mg/m? by early July. Chlorophyll
a values at this time were 9.8 ug/L. Biomass
values fluctuated around 1500 mg/m3 throughout July
and August. In early August, chlorophytes occurred
in large numbers increasing the chlorophycean
compesitien to 24% of the standing crop of phyto-
plankton. A small puise of Cyanophyceae was
recorded during this period. 4dnabaena scliitaria
f. a. planctonica was the major cyanophycean species
present. Chrysophyceae continued to dominate
the phytoplankton for the remainder of the fce-free
season. Biomass values increased to 3630 mg/m3 in
mid September and slowly decreased to 1766 mg/m?
in mid December with Chrysophyceae dominating.

1975

Epilimnicn (Figure 3, Table 5): The epilimnion
of Lake 226 south in mid May was dominated by
chrysophycean species remaining from the previous
winter. Biomass values at this time were 1283 mg/m2.
Fertilization began in mid May with the same
additions of NaN0y and sucrose as in previous years
(Table 1). Biomass values increased to 2680 mg/m3
in early June. Chrysophyceae represented 70% of
the biomass at this time with the previously men-
tioned species and Diatomeae represented 15% of
the biomass. A decrease in biomass values occurred
in Tate June {1447 mg/m3). ODiatomeae had increased,
representing 24% of the biomass at this time. In
eariy July, Diztomeae were replaced by chlorophytes
and an increase in biomass was evident. Chryso-
phyceae continued to dominate with those species
remaining from early spring. Biomass increased
to 3000 mg/m3 by late July. Cyanophyceae occurred
during this period, representing 11% of the biomass.
Biomass decreased thruughnut August and in early
September was 1918 mg/m® with corresponding chloro-
phyil a values of 7.5 pg/L.

In wmid September the biomass was represented
by 52% Chrysophyceae, 14% Diatomeae, 73% Cyano-
phyceae and 11% Chlorophyceae. Average biomass



values had increased to 2700 mg/m® and continued to
increase until early October when a yearly maximum
of 5591 mg/m® was reached. Chrysophyceae remained
dominant for the remainder of the ice-free season.
Biomass values gradually decreased and, by Novem-
ber, were 2530 mg/m3. Euglenophyceae appzared
occasionally but never made a major cantribution

to the standing crop in 1975.

Hypolimmicon (Figure 4, Table §}: The hypalim-
nion in Lake 226 south was dominated by Chryso-
phyceae in mid May. An average biomass value of
3130 mg/md was recorded at this time with & cor-
responding chlorophyll a value of 6.1 pg/l.. Bio-
mass values increased to 4980 mg/m3 in early
June and then decreased throughout the remaining
part of the month. Chrysophyceae continued to
dominate with several new species appearing in
addition to those previously therse. In late July
Dinobryon sertularia var. protruberans bacame the
dominant species representing 65% of the total
biomass. This species dominated the hypolimnion
peak found by E. J. Fee. Biomass continued to
increase, and in early August, reached 11,776 mg/m?3,
a yearly maximum for the hypolimnion as well as the
epilimnion. Chrysophyceas at this time represented
97% of the standing crop of phytopiankton. Biomass
decreased by early September to 7395 mg/m?. Sam-
pling of the hypolimnion was discontinued in mid
September because of fall deepening of the epilim-
nion. Cyanophyceae, Chlorophyceas, Euglenophyceae,
Diatomeae, Cryptophyceae and Peridineae were
present during the summer but at no time did any
one group compose more than 10% of the biomass.

1875

Epilimmion (Figure 3, Table 5): The epilimnion
of Lake 226 south was dominated by Chrysophyceas
in early January (1976). Biomass was 1026 mg/m3
and chlorophyll avalues were 10.9 ug/L. 1In early
spring {29 April) Chrysophyceae continued to domin-
ate with those species present in January being the
major contributors. Biomass had increased to 1427
mg/m? at this time. Artificial enrichment began
with weekly additions of sucrose and NaNGs as in
previous years {Table 1). In mid June biomass in-
creased to 3524 mg/m? and was represented by 97%
Chrysophyceae and 37% Diatomeae. Species compo-
sition remained the same until mid July when
Biatomeae decreased to 15% of the biomass, and
Chlorophyceae increased to 118 of the standing
crap. Biomass at this time had decreased to 2700
mg/m3 and chlorophyll a values were 5.6 ug/L. -
Chlarophyceae continued to represent 10-20% of the
biomass until mid August when an increase in sev-
eral diatom species occurred, replacing the Chlor-
ophyceae. Biomass estimates decreased to a seasonal
low of 634 mg/m3 and chlorophyll a averaged 5.5
pg/L. Dominance shifted to Diatomeae in early
September and biomass increased to 4978 mg/m3.
Chrysophyceae represented 30% of the bjomass and
Chlorophyceae represented an additional 21%. In
mid September, Chrysophyceae became dominant with
a significant increase in Synura wvella. Biomass
increased to 6324 mg/m? and chlorophyll o in-
creased to 9.2 pg/L. By early October Chrysophy-
ceae represanted 67% of the total biomass with
Dinobryon sertulayia var. protrubermms and Synurg
uvella representing 57% of the total. Diatomeae
continued to represent 24% of the biomass. Biomass
decreased to 5500 mg/m® in late October and Chryso-
phyceae continued to dominate the phytoplenktan,
with small popuiations of diatoms which were present

for the remajnder of the ice-free season.

Metalimion (Figuve 4, Table 6): The metalim-
nion in the south basin of Lake 226 had a biomass
represented by 71% Chrysophyceae, 18% Chlorophyceae
and 4% Peridineae in mid May. Biomass was 3370
mg/m? with a corresponding chlorophyll z value of
7.8 ug/L. In mid June several diatom species ap-
peared and biomass decreased to 1286 mg/mi. In late
June the standing crop was represented by 49% Chry-
sophyceae, 40% Chlorophyceae and 5% 'Diatomeae.

The increase in Chlorophyceae correlates with an
increase in Scenedesmus brevispina and Dictyos-
phaeriun simplex. Biomass continued to decrease
and on the 14th of July was estimated at 946 mg/m.
Chiorophyceae had decreased, representing 15% of
the phytoplankton population and Cyanophyceae
represented 11% of the standing crop. In late
July biomass increased to 420% mg/m? with the
appearance of several chrysophytes in large numbers.
Chrysophyceae at this time represented 54% of the
total biomass and cyanophytes represented 11%.
Chlorophyceae represented an additional 19% with
those species found eariier. Diatomeae species
increased in mid August increasing the diatom pop-
ulation to 17% of the standing crop. Biomass
rapidly increased in late August reaching a seasonal
maximum of 14,426 mg/m® and chlorophyll a values
increased to 34.6 pg/L. This increase was due to
an increase in Synura uvella. (This species dom-
inated the hypolimnion peak and its appearance in
the metalimnion in such Jarge numbers can be ex-
plained by deepening of the metalimnjon to the
depth where the peak becomes incorporated into
this stratum). Biomass decreased to 9170 mg/m?

by mid September and Chrysophyceae continued to
dominate the phytoplankton representing 78% of the
biomass. Sampling of the metalimnion was discon-
tinued in mid September because of tha deepening
epilimnion.

Hypolinmion (Figure 4, Table 6): The hypolim-
nion in Lake 226 south was dominated in eariy May
by chrysophycean species remaining from the pre-
vious winter. Biomass was 1664 mg/m® and chlorophyli
a values were 7.9 ug/L. 1In mid May a pulse of
Chlorophyceae was recorded and an increase in bio-
mass to 2456 mg/m3. Scenedesmus brevispina accoun-
ted for 87% of the chiorophycean population which
at this time represented 32% of the total standing
crop. By late May Chlorophyceae disappeared and
small populations of Cryptophyceae appeared. In
early June Diatomeaa became abundant with several
species contribyting to the population. Chrysophy-
ceae continued to dominate at this time with several
species contributing to the population. Biomass
increased to 5634 mg/m? at this time then rapidly
decreased reaching 824 mg/m? in mid June. By early
July bicmass had increased significantly, peaking
at 7894 mg/m3. Chlorophyll = had increased to
16.95 ug/lL. Chrysophyceae continued to dominate
the phytoplankton with sma’ll populations of diatoms
occurring for the remainder of the sampling period.
Biomass decreased to 5678 mg/m? in early August
then rapidly increased te 11,626 mg/m? in mid
August. At this time sampling was discontinued due
to deeper sampling depths for the epilimnion.

LAKE 226 NORTH
1974 (Figure 5, Table 7)

Lake 226 north was dominated by chrysophytes



in January (1974). Diatomeae represented 16% of
the standing crop of Ehytﬂp]ﬂﬂkton during this
period. Biomass at this time was 2750 mg/m3. It
slowly declined throughout the remaining ice-
covered season. In early April, an average bio-
mass of 122 mg/m? was recorded, the lowest value
ever recorded for Lake 226 north. By mid May bio-
mass had increased to 1385 mg/m3 and Chrysophyceae
remained dominant with those species previously
found. Fertilization of Lake 226 north began in
mid May with the same weekly additions of C, N,

and P as in 1973 (Table 1). Chrysophyceae caontin-
ued to dominate in the early part of the jce-free
season. In early July the standing crop of phyto-
plankton was represented by 5% Cyanophyceze, 10%
Chlorophyceae, 50% Chrysophyceae, 19% Diatomeae and
12% Peridineae and had an average biomass value of
1627 mg/m3. By early August dominance had shifted
t0 Anabaena spireidies, a nitrogen-fixing cyanophyte
(R. Flett, personal communication). Chlorophyceae
at this time represenied 21% of the bjomass which
had increased to 7300 mg/m? with a corresponding
chlorophy1l a value of 16.7 pg/L. Anabaena spircid-
{ee continued to dominate the phytoplankton until
early November when Chrysophyceae became co-dominant
with several species contributing. These species
continued to dominate the standing crop of phyto-
plankton from mid November on. Euglenophyceae
seldom represented more than 1% of the live biomass
at any one time during the year.

1875

Epilimnion (Figure 5, Table 7): Chrysophyceae
once again dominated the epilimnion in Lake 226
north in early spring of 1975. Chlorophyceae
represented 24% of the standing crop of phytoplank-
ton. An average biomass value of 1959 mg/m? was
recorded at this time with a cerresponding chloro-
phy1l a value of 5.3 wg/l. Artificial enrichment
began in mid May with weekly additions of C, N,
and P as in previous years (Table 1). Dominance
shifted in late May to Chlorophyceae and biomass
continued to increase and by early June had reached
1027 mg/m3. Chlorophyceae continued to dominate
with several new species appearing. Also present
at this time were several Tilamentous cyanophytes
which represented 18% of the standing crop of phy-
toplankton. By late June biomass increased to
18,953 mg/m? (the yearly waximum}. Biomass values
declined through early July to 5956 mg/m? and the
standing crop was represented by 23% Cyanophyceae,
29% Chlorophyceae and 27% Chrysophyceae. Chryso-
phyceae increased in early August, representing
44% of the living biomass with several species
contributing. Dominance shifted in mid August to
Anabaena solitaria f. a. planctonioa, a nitrogen-
fixing cyanophyte (R. Flett). Biomass increased
steadily and by mid September reached 14,030 mg/md.
Chlorephyll o reached 23.9 wg/L. In late September
a swall pulse of diatoms was recerded, representing
17% of the standing crop. A shift in dominance
occurred in early October.
representing only 21% of the standing crop and
Chiorophyceae, dominating, represenied 67% of the
biomass. Dominance shifted to chrysophytes in
late Qciober with several species contributing.
Oseillatoria Redskei, a cyanophyte, represented
25% of the standing crop of phytoplankton in Tlate
Dctober. Chlorophyceae dominated the phytoplankton
at this time. In mid November dominance reverted
back to Chrysophyceae as in previous years and
continued to dominate.

Cyanophyceae had declined,

Hypolinmion (Figure 6, Table 8): The hypolimnion
in Lake 226 north was dominhated by Chrysophyceae in
mid May of 1975 with 23% of the biomass being rep-
resented by chlorophytes. An average biomass value
of 4005 mg/m? was recorded with a corresponding
chlorophyll a value of 7.9 yg/l.. Chrysophyceae
dominated the phytoplankton until late June, when
dominance shifted to chlorophytes. The standing
crop of phytoplankton at this time was represented
by 59% Chlorophyceae, 19% Cyanophyceae, 12% Chry-
sophyceae anc 6% Cryptophyceae. Biomass had in-
creased to 12,012 mg/m? with corresponding chloro-
phy11l a values of 14.3 ug/L. Cyanophyceae in-
creased to 27% of the biomass by mid July. Biomass
values decreased to 4996 mg/m? at this time with
Chlorophyceae representing 42% of the living phyto-
plankton. BDominance shifted in mid August to those
Chrysophycean species found in May. Biomass for
this period fluctuated around 7084 mg/m3. Chloro-
phyceae continued to represent 30% of the standing
crop with the species previously found. In earily
September the biomass was represented by 22% Cyano-
phyceae, with the major species being Anabaena
golitaria f. a. planctonica, 29% Chlorophyceae with
the same species that dominated earlier and 26%
Chrysophyceae with those species previously dominant.
Sampling was discontinued at this point due to
fall mixing of the epilimnion.

1976

Epilimmion (Figure 5, Table ?): In early Jan-
uary (1976) the epilimnion in Lake 226 north was
dominated by the chlorophycean species that domina-
ted the biomnass in the previous fall. Biomass was
786 mg/m3 with a corresponding chlorophyll a value
of 2.9 ug/L. In late April dominance shifted to
Chrysophyceae. In addition to the dominating chryso-
phycean population Chlerophyceae and Cryptophyceae
were present, representing 10% to 20% of the biomass.
Biomass had increased to 7947 mg/m® in early May,
then decreased to 4750 mg/m3 by late May. Arti-
ficial enrichment began in mid May with weekly add-
itions of sucrose, NaNO3 and H3PO, being added as
in past years (table 1). Chrysophyceae continued
to dominate the epilimnion biomass with those
species found in late April. Chrysophyceae domina-
ted until mid July when dominance shifted to Cyano-
phyceae with the appearance af Anabaena solitaria
f. a. planetonica in large numbers. During the
latter part of July and early August, nitrogen-
fixation was detectable (B. Graham, personal com-
munication). Biomass increased to 5736 mg/m? at this
time with a corresponding chlorophyll a value
of 10.1 pg/L. Biomass fluctuated throughout July
and August, peaking at 13,659 mg/m? in late August.
The standing crop at this time was represented by 55%
Cvanophyceae, 23% Chrysophyceae, 10% Chlorophyceae
and 7% Diatomeae. Cyanophycean dominance lasted
until early September, when it veverted to Chloro-
phyceae with several species contributing to the
chlorophycean pepulation., Biomass had decreased to
6951 mg/m3 and by late September reached 2750 mg/m3.
Chrysophyceae became dominant at this time with a
noticeable increase in Urcglena amerieana. Chryso-
phyceae dominated the epilimnion biomass for the
remainder of the ice-free season. Biomass increased
in early October to 3706 mg/m3 and chlorophyll a
values increased to 17.2 ug/L.

Metalimion (Figure 6, Table 8): In mid May {1976)
the metalimnion in the north basin of Lake 226
was dominated by chiorophycean species. Chryso-
phyceae comprised 36% of the phytoplanktan population



while Cryptophyceae represented 11%, in addition to
the 458% chlorophycean population. Biomass was

3151 mg/m3 with a corresponding chlarophyli a

value of 9.5 pg/L. In mid June biomass decreased
to 380 mg/wd and Cryptophyceae increased, represent-
ing 35% of the standing crop with those species
previously found. Biomass remained low throughout
the remainder of June (296 mg/m3). Dominance
shifted to Chrysophyceae in late June. By mid

July several chlorophycean species increased in
numbers causing the biomass to increase to 1022
mg/m? and dominance to shift to Chlorophyceae. " In
late July the bjomass was represented by 34%
Chlorophyceae, 30% Chrysophyceae and 23% Diatomeae.
In mid August dominance shifted to Cyanophyceae
with the appearance of Ancbaera solitaria T. a.
planctonica, Biomass increased to 3539 mg/m?.
Populations of Chlorophyceae, Chrysophyceae and
Diatomeae continued to exist during this Cyano-
phyceae bloom. Cyanophyceae dominated unt{l mid
September, at which time the biomass was represented
by 31% Chrysophyceae, 25% Euglenophyceae and 26%
Cryptophyceae. In mid September sampling of the
metalimnion was discontinued.

Hypolimnion (Figure B, Table 8): In eariy May
{1976} the hypolimnion in the north basin of Lake
226 was dominated by Chrysophyceae with a small
population of Chlorophyceae and Cryptophyceae
present. Biomass was 2443 mg/m? at this time with
corresponding chlorophyll a values of 7.6 ug/L.
Dominance shifted to Chlorophyceae in late May
with a significant increase in Scenedesmus brevia-
pina. Biomass had increased to 3730 mg/m3 and was
represented by 48% Chlorophyceae and 43% Chryso-
phyceae. In early June species camposition had
shifted to 36% Chlorophyceae, 35% Cryptophyceae and
27% Chrysophyceae. Biomass had increased to 4119
mg/m? {a hypolimnetic maximum for the year) and
chiorophyll a values increased to 14.3 ug/L.
Cryptophyceae populations decreased by Tate June
being replaced by Chrysophyceae, causing & shift
in dominance to chrysophytes. Biomass had de-
creased to 1537 mg/m3 at this time. In early July
Chlorophyceae again dominated with those species
found earlier. In wmid July Chrysophyceae again
became dominant; also present at this time were a
large number of chiorophycean species which had
previously been dominant as well as euglenophycean
species. Biomass was 2367 mg/m3 with an average
enlorophyll a value of 7.2 wg/L. Chrysophyceae
continued to dominate the phytoplankton until mid
August, when an increase in several cryptomenads
occurred, causing a dominance shift to Crypto-
phyceae. Biomass at this time was 3681 mg/m? and
was represented by 43% Cryptophyceae, 28% Cryso-
phyceae, 7% Chlorophyceae, 7% Diatomeae and 7%
Cyanophyceae. SampTling of the hypolimnion was
discontinued in late August because of deeper
sampling depths for the epilimnion.

LAKE 304
1974 (Figure 7, Table 9)

In mid January of 1874 Lake 304 was dominated
by chlorophytes. Biomass at this time was 650
mg/m? with corresponding chlorophyll a values
of 4.8 pg/L. In late February the standing crop
of phytoplankton was represented by 32% Chloro-
phyceae {represented by those species previously
found) 30% Chrysophyceae, 25% Euglenophyceae
and 11% Cyanophyceae. Chlorophyceae continued to

dominate until early April when cyanophycean species
appeared in large numbers. Biomass values had not
increased from these in earlier months. Fertiliza-
tion began in mid May with the weekly additions of
sucrose and NH,C1 being added as in 1973 {Table 1).

Dominance shifted to Chrysophyceae in early May
with several species comprising the dominance.
Biomass values had increased to 1185 mg/m? and
chlorophyll o values reached 14.1 wg/L. Chryso-
phyceae continued to dominate until mid June, at
which time dominance shifted to Chlorophyceae.

" Biomass values had increased to 9463 mg/m3 at this

time, the yearly maximum. Chlorophytes continued

to dominate the phytoplankton community until early
October, when dominance shifted to Peridineae. Big-
mass had decreased to 2443 mg/m? and was represented
by 48% Peridineae, 25% Chiorophyceae, 14% Crypto-
phyceae and 11% Chrysophyceae. In late October
dominance reverted to Chrysophyceae and biomass de-
creased to 1032 mg/m3. Diatomeae were conspicuous
several times but did not make a major contribution
to the total biomass.

. 1978

Epitimmion (Figure ?, Table §): In mid May Lake
304 had a biomass value of 972 mg/m® with the standing
crop being represented by 63% Chrysophyceae, 23%
Peridineae and 10% Chlorophyceae., Fertilization .
began in mid May with weekly additions of ¥H,C1 and
H3PO, at a ratioc of 15:1 (sucrose was eliminated)
(Table 1). chlorophytes increased in numbers in the
latter part of May and by mid June dominated the
phytoplankton standing crop. Biomass values had
increased to 4500 mg/m3 and chlorophyll a values
had reached 17.3 ug/L. During this period a rapid
increase in Cryptophyceae was recorded, increasing
to 29% of the standing crop of phytoplankton. By
late June cryptophycean species dominated the phyto-
plankton community in the epilimnion. Domfnance
reverted to Chlorophyceae in mid July, raepresenting
45% of the total biomass which had increased to
9925 mg/m3 (the yearly epilimnetic maximum). Corr-
esponding chlorophyll a values were 6 wg/L. Chlaro-
phyceae continued to dominate until mid August.
During this period a large number of cryptophytes
were present and became dominant in mid August.

Biomass values had decreased to 5398 mg/m? and
continued to decrease throughout the remainder of
the ice-free season. In mid September biomass values
decreased to the very Tow value of 186 mg/m3 and
Chrysophyceae had become dominant. A live cell es-
timate of 20 x 10% cells/L was recorded at this time.
In the latter period of September, biomass had in-
creased to 1075 mg/m?. Dominance had again shifted
ta Cryptophyceae with the same species as in mid
August. In early October, a shift in dominance back
to Chrysophyceae occurred. Biomass values had
stabilized around 1100 mg/m3. Chrysophyceae domina-
ted the standing crop for a short time and in mid
October Chlorophyceae resumed dominance. Chloro-
phyceae continued to dominate the phytoplankton
for the remainder of the ice-free season. Biomass
values fluctuated hetween 1100 mg/m3 and 1400 mg/m3
during this period. Diatomeae and Euglenophyceae
were present throughout the summer, but never made
a major contribution to the total biomass. Cyano-
phyceae seldom occurred even with the additions of
H4PO, . '

Hypolimion (Figure 8, Toble 10): Sampling of
Lake 304's hypolimnion began in mid May at which
time Peridineae species dominated. Biomass values



exceeded 4000 mg/m3 and chlorophyll a values were
3.4 ug/L. Chrysophyceae represented 42% of the
standing crop at this time with several species con-
tributing. This trend continued until early June,
when the biomass was represented by 34% Chryso-
phyceae, 32% Chlorophyceae and 16% Peridineae and
had decreased to 1690 mg/m3®. By mid June Chloro-
phyceae dominated. Biomass values increased to
7976 mg/m? in early July. Chlorophyceae represented
87% of the tota) biomass with those species pre-
viously found. Cyanophytes appeared in large num-
bers in late July. (This may have been due to
deeper sampling depths due to the Towering of the

1% 1ight level. In previous years this species was
found in Targe mats between 5 and 6 meters). Dom-
inance shifted in mid August to Cryptophyceae,

which continued to dominate for the remainder of
the sampling period. In early September, the epi-
limnion had mixed below the 1% light level and
sampling af the hypolimnion was discontinued.

1376

Epilimmion (Figure 7, Table 9): The epilimnion
in Lake 304 was dominated by Chrysophyceae with
large populations of Peridineae species in late
April. Biomass at this time was 4815 mg/m? with
corresponding chiorophyill o values of 9.2 pg/1. In
early May biomass decreased to 2858 mg/m? and dom-
inance shifted to chlorophycean species. At this
time the biomass was represented by 40% Chlorophy-
ceae, 33% Chrysophyceae and 20% Peridineae. Arti-
ficial enrichment began in mid May with the weekly
additions of NH,C1 and H3P0, at a ratio of 15:1
by weight (Table 1). Chrysophyceae again dominated
in mid May with the previous chrysophytes most
abundant. Biomass increased to 3327 mg/m3 in late
May and in June reached 13,731 mg/m? (the epilim-
netic maximum for the year). Chlorophyll a had
decreased to 2.8 ug/L. An dincrease in several
chlorophycean species correlates with this biomass
increase. In mid June the biomass decreased to
1610 mg/m® and dominance shifted to the cryptophytes.
Chlorephyceae continued to represent 39% of the
total biomass while Cryptophyceae represented 51%.
In Tate June, Chlorophyceae became dominant rep-
resenting 80% of the population. Biomass had in-
creased to 2250 mg/m3 and chlorophyll a to 4.8 pg/L.
By Tate July, Chlorophyceae composed 98% of the total
biomass which was 8593 mg/m®. Biomass decreased in
mid August, reaching 4590 mg/m3. In late August
Anabaena planctoemica and Sphanizomenon flos-aquas,
appeared -in large numbers. Both these species are
potential nitrogen-fixers, but no nitrogen-fixation
was recorded in Lake 304 (B. Graham, personal commu-
nication). During this period (late August} Cyano-
phyceae represented 30% of the biomass while Chloro-
phyceae, represented 60%. Biomass had increased tg
6842 mg/m3 and chlorophyll 2 to 25.5 pg/L. In late
September biomass had decreased to 715 mg/m? and
Cyanophyceae and Chlorophyceae were co-dominant, each
representing 48% of the biomass. In mid September,
Cyanophyceae became dominant but biomass remained Tow
{991 mg/m3). Dominance reverted to Chlarophyceae in
mid October. Biomass decreased to 377 mg/m3 and was

represented by 56% Chlorophyceae and 42% Cyanophyceae.

Metalimmion (Figure 8, Table 10): Sampling of
the metalimnion in Lake 304 began on the 20th of May.
At this time Chrysophyceas dominated. The biomass
was represented hy 53% Chrysophyceae, 22% Peridineae
and 16% Chlorophyceae and was 2919 mg/m3. Dominance
shifted in mid June to Chlorophyceae and biomass in-
creased to 16,661 mg/m3, an estimated live cell count

of 6 x 107 cells/L. Biomass fluctuated throughout
July and August as did the species composition. In
late July the biomass was represented by 34% Chryso-
phyceae, 30% Cryptophyceae, 19% Chlorophyceae and
14% Euglenophyceae and had a value of 4332 mg/m3.

In late August, Chiorophyceae increased to 64% of
the standing crop and biomass increased to 7344
mg/m® with chlorophyll a increasing to 62.2 pg/L.
Biomass decreased to 4760 mg/m3 by mid September

and continued to be dominated by Chlorophyceae,

but with a different species composing the majority.
Euglenophycean species contributed 10 to 20% of the
biomass from early June until mid September. SampTling
of the metalimnion was discontinued in mid September

with the deepening of the epilimnion to the 1%

light Tevel.

Hypolimmion (Figure 8, Table 19): The hypolim-
nion in Lake 304 was sampled only three times during
the ice-free season. Sampling was discontinued
when the metalimnion extended below the 1% light
level in late May. By early June the metalimnicn
extended down to & meters. In early May, a biomass
value of B059 mg/m3 was recorded. . The biomass at
this time was represented by 49% Cryptophyceae,

20% Peridineae, 16% Chlorophyceae and 15% Chryso-
phyceae. Cryptomonas pusilla, Cryptomonas erosa
@nd Katablepharie ovalis dominated the hypelimnion
during the entire period it was sampled. Biomass
decreased to 6910 mg/m3 by late May.

LAKE 267 o
1974 (Figure 9, Table 11)

The Chrysophycean species continued to diminate
Lake 261 from early January until late August. Fer-
tilization was begun in mid May with only H3PO,
added at weekly intervals (Table 1). Peridinean
species represented 15 to 20% of the standing crop
for a brief period in late May and early June. A
summer biomass maximum of 4614 mg/m? was recorded
in mid July and chlorophyll o values averaged 17.8
pg/L. Dominance shifted to cryptophytes in early
Septembar and biomass decreased to 2525 mg/m3.
Cryptophyceae dominated until late October, when
the standing crop was represented by 23% Chlora-
phyceae, 34% Chrysophyceae, 25% Cryptophycease and
13% Peridineae. Chrysophyceae dominated from mid
October throughout the remaining part of the year.
Several peridinian species were also present.
Diatomeae and Euglenophyceae contributed very Tittle
to the total population at any time during 1974,

1875

Epilimnion (Figiwe 9, Table 71): The epilimnion
in Lake 261 was dominated by chrysophycean speacies
in early May (1975). Peridineae represented 18% of
the tive biomass during this period. Weekly addi-
tions of H3PO, began in mid May (Table 1). ~In Tate
May Chlorophyceae became more abundant and by late
June represented 25%. of the phyteplankton standing
crep, remaining common throughout the year, Average
biomass values for this period were 943 mg/m? and
chlorophyil a averaged 5.3 pg/L. Chrysophyceae
remained dominant with those species found in May
being the major contributors. Biomass values in-
creased and reached a summer maximum of 3400 mg/m3.
In Tate August Chlorophyceae increased to 25% and
biomass declined slightly to 214) mg/m®. Peridinean
species represented 25% of the standing crop in
early September. Chrysophyceae remained dominant



with Synura wvella the major contributor. This
species dominated the hypolimnion peak at 5 meters
during the summer. Its presence in the epilimnian
in September could be explained by fall deepening
of the thermociine. By late September Uroglena
amerieqna, a colonial chrysophyte, became abundant,
Biomass increased to a yearly maximum of 5098 mg/m?
during this period. Peridineae, with the same
species previously found continued to represent 20%
of the biomass. Biomass declined to 917 mg/m? in
the early part of October with Chrysophyceae domi-
nating. An increase in Peridineae was recordad in
mid October. It became co-dominant with the chryso-
phytes, and by November was the daminating phyto-
plankton.

Aypolimion (Pigure 10, Table 12): The hypo-
Timnion in Lake 281 in mid May of 1975 was dominated
by chrysophycean species. Biomass estimates for
this time were 4156 mg/m? with corresponding chloro-
phyil & values of 11.1 pg/L. Chrysophyceae con-
tinued to dominate through the early part of June
with several new species appearing in addition to
the previous chrysophytes. Average biomass values
increased to 7614 mg/m3, the seasonal maximum.
Chlorophyll a also increased to 20.1 ug/L. In late
June Chrysophyceae declined from 80% of the standing
phytoplankton crop te 50%. Cryptophyceae became
abundant, representing 32% of the 1iving biomass.
These species continued to increase in numbers until
late June. Biomass declined in late June, early
July to 2500 mg/m? and then to 7385 mg/m3 by late
July. Dominance shifted in mid August back to
Chrysophyceae. Biomass decreased to 2248 mg/m® by
late August. Chrysophyceae dominated representing
56% of the 1ive biomass. Chlorophyceae represented
21% and Euglenophyceae represented 15% of the stand-
ing crop of phytoplankton. Chrysophyceae remained
dominant throughout September. Shortly after, the
epilimnion mixed below the 1% Tight level and
sampling of the hypolimnion was discontinued.

1576

Epilimmien (Figure §, Table 11): In late April
1976, the epilimnion of Lake 261 had a biomass of
4121 mg/m?, represented by 71% Chrysophyceae and
20% Peridineae. Fertiiization began in wid May
with weekly additions of H3PO, as in previous
years (Table 1), Biomass decreased throughout May
and by early June was 754 mg/m3. In mid June an
increase in Chlorophyceae was recorded. Chlore-
phyceae represented 44% of the biomass with Chryso-
phyceze representing 47%. Peridineae had decreased
to less than 3% of the standing crop. Biemass had
not increased significantly (812 mg/m3). Chlore-

phyceas decreased in late June to 19% of the biomass.

Cyancphyceae represented 13% of the biomass at this
time. By mid July, Cyanophyceae disappeared and
were replaced by chlorophytes. Biomass increased to
1090 mg/m® with a corresponding chlorophyll a value
of 4.6 wg/L. Chicrophycean species continued to
increase in numbers, and by late July, represented
73% of the total biomass which had increased to
9594 mg/m3. Chrysophytes at this time represented
214 of the standing crop. Oominance shifted to
Chrysophyceae in wmid August. Chlorophyceae re-
presented 34% of the biomass at this time and

Peridineae 12%. Biomass had increasad to 7130 mg/m3

and chlorophyll ¢ to 0.8 wg/L. In late August,
biomass crashed to Y14 mg/m3. Dominance shifted
to Peridineae with those species found earlier
dominating. Several species of Chrysophyceae

became dominant in early September. Biomass in-
creased to 3243 mg/m¥ by late September and Chloro-
phyceae became dominant representing 71% of the total
biomass. Chlorophyceae dominated until mid October
when dominance reverted back to Chrysophyceae with
the appearance of Symura wwella in large numbers.
This species dominated the hypolimnion peak in 261.
Biomass increased to 3757 mg/m3 at this time. Chry-
sophyceae continued .to dominate the phytoplanktaon
for the remainder of October.

Metalinmion (Figure 10, Table 12): DBiomass of
the metalimnion in Lake 261 was 878 mg/m? in early
June {1976). Several species contributed to the
dominance of Chrysophycaae. In mid June Chloro-
phyceae concentration increased to 38% of the total
biomass. Chrysophyceae continued to dominate, rep-
pesenting 47% of the total biomass. In early July,
the biomass was 746 mg/m? and was represented by
51% Chrysophyceae, 25% Chlorophyceae and 14%
Peridineas, Biomass increased to 1324 mg/m? in mid
July, with Peridineae increasing to 23% of the total
biomass. Dominance shifted from Chrysophyceae to
Chlorophyceae in mid July as the biomass increased
to 7470 mg/m? {the seasonal maximum). This increase
was due to the appearance of Amkyra judai in large
numbers {in a 1ive cell estimate of 3 x 197 cells/L
this species accounted for 2.5 x 108 cells/L).
Chlorophyll a at this time was 28.4 ug/L. Biomass
decreased in mid August to 4200 mg/m? and dominance
shifted to Chrysophyceae. Chlorophyceae had de-
creased, representing 35% of the standing crop. In
late August several cryptophytes appeared representing
15% of the biomass while Peridineae represented 12%.
In mid September biomass had decreased to 3000 mg/m3.
Chlorophyceae increased to 38% of the biomass.
Chrysophyceae continued to dominate until sampling
of the metalimnion ceased in mid September with
the deepening of the epilimnion.

Hypolimmion (Figure 10, Table 12): The hypo-
Timnion in Lake 261 was sampled for a brief period
in May, after which time the hypolimnion was below
the 1% Tight level. Throughout May the hypolimnion
was dominated by Chrysophyceae. Biomass values
increased from 1700 mg/m® in early May to 4600 mg/m*
in late May. During this period small populations
of Peridineae were present in addition to several
chlorophycean species.

LAKE 302 NORTH
i8v< (Figure 11, Table 13)

In late January {1974} the north basin of Lake
302 was dominated by Chrysophyceae and had a biomass
of 344 mg/m3. Several species composed the chryso-
phycean dominance. Also present at this time were
small populations of Chiorophyceae and Cryptephyceae.
Chrysophyceae continued to dominate the phyto-
plankton through spring and summer. In mid May
additions of HH,C1, H3PO, and sucrese were pumped
below the thermocline (Table 1}. In June several
new chrysophycean species appeared in additien to
those previously present. Biomass increased to
4100 mg/m? in early June and slowly decreased
throughout July, August and September. In late July
the biomass was represented by 40% Chrysophyceae,
19% Chloraphyceae, 18% Peridineae and 15% Diatomeae.
Biomass values had decreased to 1199 mg/m3 and
chiorophyil = values were 3.8 pg/L. In late August
an increase in Dincbryon sertularia var. protuberans



was recorded. This species dominated the hypolim-
nfon peak. A possible expladation for its dincrease
could be fall mixing of the epilimnion deep enough
to incorporate the peak dominated by this species.
The biomass did not increase significantly with the
increase of this species (1625 mg/m3). In late
September it represented 44% of the total biomass.
By late October dominance shifted to Cryptophyceae.
Biomass had increased to 4863 mg/m3 and in mid
Wovember reached a yearly maximum value of 7780
mg/m3. Chlorophyll « had a corresponding value of
48.1 v g/L. Cryptophyceae dominated until early
December when the biomass was represented by 34%
Chrysophyceae, 32% Cryptophyceae, 20% Chlorophyceae
and 12% Diatomeae and had decreased to 2724 mg/m?,
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Epilimnion (Figure 11, Table 13): Lake 302
north's epilimnion was dominated bg Chrysophyceae
in mid May. Biomass was 3493 mg/m? with corres-
ponding chlorophyll a values of B.2 wg/L. At this
time Chrysophyceae represented 65% of the biomass
with those species previously present being the
rmajor contributors. In addition cryptophytes
represented 24% of the standing crop. In mid
May additions of WHyC1, H3PO, and sucrose began.
This solution was pumped down below the thermo-
cline (B meters) as in previous years {Table 1).
Biomass decreased in late May to 2160 mg/m3 with
the disappearance of the Cryptophytes. Chryso-
phyceae continued tuv dominate constituting 87%
of the bjomass with the appearance of Uroglena
ameriemiz in large numbers. By mid June biomass
estimates had decreased to 952 mg/m® with an
estimated cell count of 32 % 109 celis/L. In early
June an increase in bjomass to 2250 mg/m3 was
recorded. Chrysophyceae continued to dominate
with those species present in May. Diatomeae
represented 10% of the standing crop at this time
while Chlorophyceae represented 9%. This trend
continued throughout the remainder of the jce-free
season. Biomass fluctuated from 1700 mg/m? to
3700 mg/m3 during this period. In mid Hovember
biomass increased to 5500 mg/m3. At this time
increases in several cryptophycean species were
recorded. The epilimnion of Lake 302 north, as in
past years, was continually dominated by Chryso-
phyceae with small populations of Diatoneae,
Cryptophyceae and Chliorophyceae appearing. For
the most part, both biomass and chlorophyll a
remained tow in relation to those of lakes receiv-
ing artificial enrichment in the epilimnion.

Hypolimmion (Pigure I1I, Table 12): The hypo-
limnion of Lake 302 north had two sucessive peaks
in 1975. The first occurred in mid May. Biomass
at this time was 3760 mg/m3 and was dominated by
chrysophycean species remaining from the previous
winter. Artificial enrichment began in mid May
with NH,C1, H3PO, and sucrose being pumped into
the hypolimnion ?Table 1). Biomass decreased and
in early July was 129% mg/m3. Chrysophyceae con-
tinued to daminate representing #2% of the phyto-
plankton population. Chlorophyceae represented 7%
of the biomass at this time while Diatomeae repre-
sented another 5%. The second peak occurred in
mid July. Biomass increased to 4584 mg/m? with
carresponding chlorophyll o values of 27 wg/L.
Chrysophyceae continued to dominate the phyto-
plankton for the remainder of the sampling period.
By late September biomass decreased to 2710 mg/m?.
Sampling of the hypolimnion was discontinued at
this time due to the deepening of the epilimnion.
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Epilimnion (Figure 11, Table 13): In late April
(1976) the epilimnion in the north basin of Lake
302 was dominated by Chloraphyceae with small pop-
ulations of chrysophytes present. Biomass was 11,751
ma/m3 (the highest recorded in 1976 for 302 north)
and chiorophyll « averaged 27.9 pg/L. Artificial
enrichment began in mid May with C, N and P being
pumped below the thermgciine (Table 1). Biomass
decreased to 2699 mg/m? in mid May and dominance
shifted to Chrysophyceae. In early June biomass had
decreased to 1598 mg/m? and chiorophyll e values
decreased to 4.5 pg/L. Chrysophyceae continued to
dominate with small populations of diatoms occcurring
frequently. Biomass fluctuated throughout June and
in late June was estipated at 2921 mg/m?. The
standing crop at this time was represented by 49%
Chrysophyceae, 17% Chlorophyceae, 13% Diatomeae,
10% Peridineae and 6% Cryptophyceae. By mid July
Chlorophyceae represented 35% of the biomass with
an increase in several species. Chlorophycean papu-
lations decreased and by mid August Chrysophyceae
had increased to 71% of the total bjomass. Diatomeae
continued to represent 10 to 15% of the biomass with
the species previously mentioned. Species compo-
sition did not change until early September when
the biomass was represented by 54% Chrysophyceae,
17% Cyanophyceae, 14% Diatomeae and 10% Chlarophyceae.
The increase in Cyanophyceae was due to the appearance
of Anabaena planctoniea. Biomass at this time was
5297 mg/m3 and chlarophyll a was recorded at 4.3
pg/L. Biomass decreased to 3070 mg/m® in early
October and Chrysophyceae dominated. During this
time a small pulse of cryptophycean species was
recorded. By mid October the previously mentioned
cryptophytes represented 40% of the biomass which
had decreased to 2323 mg/m3. :

Metalimnion (Piguve 18, Table 14): The metalim-
nion in Lake 302 north had a biomass of 3860 my/m?
and a corresponding chlorophyll o value of 21.5
wo/L in mid May (1976). Chrysophyceae dominated
with large populations of chlorophycean species
present at this time. In early June dominance shifted
to Chlorophyceae which represented 45% of the
total biomass. Chrysophyceae had decreased to
represent 25% of the standing crop and Diatomeae and
Cryptophyceae each represented 7%. Chrysophyceae
again became dominant in mid June and bicmass de-
creased to 1567 mg/m3 and chlorophyll a decreased
to 20.0 wy/L. In early July the standing crop was
represented by 43% Chrysophyceae,35% chlorophyceae,
14% Diatomeae and 6% Cryptophyceae. Biomass in-
creased to 4443 mg/m? in late July. Chrysophyceae
remained dominant with these species found in early
May. Chlorophyceae represented 15% of the biomass
at this time with Diatomeae and Cryptophyceae each
reprasenting 7%. In mid August the biomass had
receded to 2656 mg/m? and an average chlorophyll «
value of B pg/L was recorded. By late August biomass
had increased to 3133 mg/m? and continued to in-
crease, reaching 4122 mg/m3 on the 15th of Septembar.
The phytoplankton assemblage was represented by
34% Chrysophyceae and 124 Diatomeae. Sampling was
discontinued in mid September because of deepening
of the epilimnion.

Hypolimnion (Figqure 1%, Table 14): In early May
(1976) the north basin of Lake 302 was dominated by
Chlorophyceae with large numbers of Chrysaphyceae
present. Biomass was 4408 mg/m3 and chiorophyll &
was recorded at 20 wg/L. Artificial enrichment
began in mid May with weekly additions of sucrose,



NH,C1 and HaPQy being pumped down to 8 meters (below
the thermocline) as in previous years (Table 1}.
Biomass decreased to 1300 mg/m® in late May. The
standing crop at this time was represented by 41%
Chlorophyceae, 33% Chrysophyceae, 18% Diatomeae
and 6% Cryptophyceae. Dominance shifted in early
June to Chrysophyceae with those species found in
early May dominating. Biomass values increased

to 3645 mg/m? and chiorophyll a increased to 20
wg/L. In early July two chlorophycean species
increased in numbers causing a shift in dominance
to Chlorophyceae. Dominance reverted back to
Chrysophyceae in mid July and biomass increased

to 10,664 mg/m3. This increase was caused by the
appearance of Chrysosphaerella longispina which
represented 63% of the total biomass. The standing
crop at this time was represented by 90% Chry-
sophyceae, 4% Diatomeae and 3% Chlorophyceae. By
mid August biomass decreased to 5476 mg/m? and
chiorophyll a averaged 58.4 ug/L. Chlorophyceae
increased to 33% of the biomass with those species
present earltier being the major contributors.
Chrysoaphaerella longiepina disappeared at this
time and Chrysophyceas decreased, representing

49% of the standing crop. Cryptophyceae increased
in numbers representing 10% of the biomass. Samp-
1ing was discontinued in mid August due to deep-
ening of the metalimnion below the 1% 1ight level.

LAKE 302 SOUTH
1874 (Figure 13, Table 15)

In late January Lake 302 south had a biomass
value of 452 mg/m?. The standing crop was rep-
resented by 61% Chrysophyceae, 12% Diatomeae and
12% Chlorophyceae. Biomass values remained low
for the remainder of the ice-covered season and
the early part of the ice-free season. In early
June biomass values had increased to 2033 mg/m3.
Chiorophyll a values for this period averaged
3.9 ng/L. Chrysophyceae dominated with several
new species added to those remaining from the
previous winter. Biomass continued to increase
reaching 3920 mg/m? in late July, a yearly max-
imum for the south basin of Lake 302. Biomass
decreased for the remainder of the year and by
early December was 1300 mg/m3. Species compo-
sition remained the same until late October.
Chrysophyceae remained dominant with increased
pepulations of Cryptophyceae and Diatomeae
gceurring.  In late November the biomass was rep-
resented by 60% Chrysophyceas, 15% Diatomeae and
13% Cryptophyceae. This trend lasted for the
remainder of the year.
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Epilimmion (Figure 13, Table 15): The epilim-
nion in Lake 302 south was dominated by Chrysophy-
ceae fn mid May. Biomass was 992 mg/m* with a
correspending chlarophyll « value of 3 pg/L. Bio-
mass increased to 1850 mg/m3 by late May with the
appearance of a small population of Chlorophyceae.
In mid June an increase in Diatomeae was recorded
with several species contributing. By late June
the biomass was represented by 68% Chrysophyceae,
20% Diatomeae and 8% Chiorophyceae. In early July
the bjomass peaked, reaching 4031 mg/m? {the
yearly maximum). Chrysophyceae dominated the
phytoplankton for the remainder of the ice-free
season and those species previously found being
the more abundant. Chlorophyceae and Diatomeae

contirued to compose 10 to 20% of the total biomass
which fluctuated between 1200 mg/m3 and 2327 mg/m?
from mid July until mid November.

Hypolimnion (Figure 14, Table 18): The hypo-
limnion of Lake 302 south was dominated by Chryso-~
phyceae throughout the entire sampling period in
1975, several which remained from the previous
winter. Biomass at this time was 2472 mg/m3. In
early July the formation of a hypolimnion peak at
6 meters was found by E. J. Fee using in vivo
fluorometry. This peak was dominated by the
chrysophycean species Uroglena americona and was
integrated fnto the hypolimnion sample; thus the
biomass increased significantly. By mid July, -
biomass estimates increased to 11,679 mg/m?. A
Tive cell count of 4 x 107 cells/L was calculated,
of which 3.1 x J0° cells/L were Uroglena americana.
Biomass decreased throughout the remaining part of
the ice-free season. Sampling of the hypolimnion
ceased in early September due to the deepening of
the epilimnion in relation to the 1% light level.

1878

Epilimmion (Figure 13, Table 15): 1In late April
{1976) the epilimnion in the south basin of Lake
302 was dominated by Chrysophyceae. In addition,
small populations of chlorophytes were present,
Biomass was estimated at 1182 mg/m3 and chlorophyll
a averaged 8.1 ug/L. In mid May biomass increased
to 308! mg/m?. Chrysophyceae, with those species
previously present, represented B8% of the standing
crop. By early June biomass decreased to 1086 mg/m?
and the phytoplankton community was represented by
72% Chrysophyceae, B% Peridineae, 6% Chlorophyceae,
6% Cryptophyceae and 6% Diatomeae. Diatomeae in-
creased to 13% of the biomass in mid June and in late
June, a small pulse of chlorophytes was recorded.

Biomass increased to 2839 mg/m? and chloro-
piy1]l a averaged 3.6 pg/L. 1In mid July the stand-
ing crop was represented by 50% Chrysophyceae,

24% Diatomeae, 10% Chlorophyceae, 9% Peridineae and
% Cryptophyceae.

Bicmass had decreased to 1501 mg/m?®. Biomass
increased throughout the remainder of duly, August
and in early September peaked at 3754 mg/m? (an
epilimnetic maximum for Lake 302 south in 1976).
thrysophyceae dominated with those species found
earlier in the summer. Diatomeae continued to re-
present 15 to 20% of the standing crop during this
time. Cyanophyceae represented 10% of the biomass
in early September. Biomass decreased in late
September reaching 3198 mg/m3. Chlorophyll a
values at this were 4.8 pg/L. By early October
biomass had decreased to 1989 mg/m? and was re-
presented by 70% Chrysophyceae, 13% Diatomeae, 9%
Cryptophyceae and 7% Chlorophyceae. This trend
continued for the remainder of the ice-free
season and biomass stabilized around 1900 mg/m3.

Matalimmion (Pigure 14, Table 16}: In mid May
the metalimnion in the south basin of Lake 302 was
dominated by chrysophycean species. Biomass was
3212 mg/m? and chlorophyll o averaged 3.9 ng/L.
Also present during this period were small popula-
tions of chlorophytes and diatoms. In mid June
Diatomeae increased, representing 29% of the stand-
ing crop of phytoplankton. Biomass increased
gradually throughout June and early July, reaching
6348 mg/m? an July 29th. Species composition at
this time was 72% Chrysophyceae, 17% Diatomeae,



5% Chlorophyceae and 3% Cryptophyceae. The increase
in biomass was attributed to an increase in several
chrysophycean species. Biomass decreased through-
out August and early September reaching 2117 mg/m3
in mid September. Chlorophy?l a averaged 4.5 ug/L
at this time. Chrysophyceae cantinued to dominate.
SampTing was discontinued in mid September because
of deepening of the epilimnion.

Hypolimnion (Figure 14, Table 16): The hypo-
Timnion in Lake 302 south had a standing crop
represented by 70% Chrysophyceae, 14% Chlorophyceae,
6% Cryptophyceae and 6% Diatomeae in early May.
Biomass was 1532 mg/m? with a corresponding chlora-
phyll « value of 3.8 ug/L. By late May the biomass
increased to 4236 mg/m°. Chrysophyceae continued
to dominate with those species found in early May
composing the majority of the population in addi-
tion to several new species. . The biomass continued
to increase reaching 4690 mg/m3 on June 9th.
Diatomeae had increased representing 17% of the
biomass. In the latter part of June, biomass
decreased to 2777 mg/m? and species composition
changed to 57% Chrysophyceae, 21% Chlorophyceae
and 18% Diatomeae. The chrysophycean species most
common were those found in early spring. The
biomass increased throughout the early part of
July, and on July 21 was recorded at 7652 mg/m3.
Chlorephyll a had increased to 21 wg/L. This
increase was due to the appearance of Chrysos-
phaerella longispina in large numbers. This species
represented 54% of the total biomass at this time
which was represented by 82% Chrysophyceae, 5%
Diatomeae, 3% Peridiheae and 3% Cryptophyceae.
Sampling of the hypolimnion ceased in late July
due to deeper sampling depths for the metalimmion.

DISCUSSION
EPILIMNION FERTILTZATION

) A1l Takes (226 north, 227 and 304), receiv-
ing epiiimnetic additions of phosphorus and
nitrogen, continued to have greater biomass than
the control lakes found in the E.L.A. area. 3pacies
composition changed fram that of control lakes as
in previous years (Findlay and Kling 1975). Bio-
mass increases for 1974-1976 for these lakes in
comparison to control lakes and prefertilization
ranged from 5000 mg/w3 to 21,000 mg/m3 in com-
parison to increases of 10,000 mg/m3 to 63,000
mg/m3 recorded from 1969 to 1973. The cantrol
lakes {224, 239, 302 south and 383) had an ice-
free average biomass of 2000 mg/m3 from 1969 to
1974 and an ice-free epilimnetic average biomass
of 2200 mg/m? for 1974 to 1976 (Table 2)
{increased biomass in the control Takes is due to
discrete sampling depths in 1969-1973 as compared
to integrated sampling +in 1975-1976). Species
composition shifted from dominance by Chrysophy-
ceae in contral lakes to Chlorophyceae dominance,
with periods during which Cyanophyceae dominated,
in fertilized waters. Lake 227, from 1969 to
1973, received additions of N and P at a ratio of
15:1 (Table 1) and was constantly dominated by
small Chlorophyceae throughout the ice-free season
with short periods in Tate summer when Oseillatoria
Redekei, & filamentous cyanophyte dominated. In
1974, Lake 227 continued to receive additions of
N and P at a ratio of 15:1 by weight (Table 1} as
in previous years and was dominated by Chlorophyceae
from early spring to mid August. In late August
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and Septewber dominance shifted to Oseillatoria
Redekei as it had in 1969 and 1973. This species
is not believed to be a nitrpgen-fixer. In 1975
and 1976 N and P loading ratio for Lake 227 was
changed to 5:1 by weight (Table 1). In both
years, large populations of dphanizomenon gracile,
a filamentous cyanophyte, were present in late
August and early September, concurrent with sub-
stantial nitrogen-fixation.  Lake 226 north also
received N:P loading at a ratio of 5:1 by weight
{Table 1)}. From the time artificial enrichment
began in 1973, this basin has been dominated by
cyanophytes in late summer {Anabaena spiroides

in 1973, Anabaena solitaria f. a. planctonica in
1974 to 1976}, Nitrogen-fixation has been record-
ed during these times. Lake 304 was receiving
additions of N:# at a ratio of 15:1 {1975 and
1976) {Table 1) and in 1976 was dominated by
Aphanizomenon flos-aquae in late Rugust. AL this
time nitrogen-fixation was undetectable. Looking
at data from 227, 226 north and 304 it appears
that nitrogen-fixation in E.L.A. lakes cccurs when
the N:P ratio is 5:1 by weight, but not 15:1.

. Lake 226 south received the same concentrations
of C and N as did the north basin, but no H3PO,

was added (T7able 1). In 1974 to 1976 biomass did

not increase significantly in comparison to control
Takes (239, 302 south, 224). Chrysophyceae continued
to dominate the epilimnion in the south basin for

tha entire ice~-free seasan. .

HYPOLIMNION FERTILIZATION

Previous to 1975 all sampies were taken at
discrete depths and then integrated. Therefore
there is no existing hypolimnion data for comparison.

Lake 302 north was fertilized with C, N and
P below the thermocline (Table 1). 1In 1974, the
epilimnion biomass averaged 5212 mg/m3 during the
ice-free season (Table 2). Chrysophyceae dominated
with the occurrence of small papulations of
Cryptophyceae. In 1975 and 1976 the epilimnetic
biomass averaged 2200 to 3300 mg/m3 (Table 2) through-
out the fce-free season with Chrysophyceae domin-
ating. The hypolimnion biomass averaged 5031 mg/m?
in 1975 (Table 2) and Chrysophyceae were dominant
for the entire season. In 1976 the hypolimnion
biomass averaged 4111 mg/m? (Table 2) and the
standing crop was dominated by Chlorophyceae from
early May to late June. Dominance shifted to
Chrysophyceae in early July. These prevailed
throughout the remainder of the ice-free season.
Epilimnion biomass has increased slightly since
artificial enrichment began in 1973. Hypolimnion
biomass for Lake 302 north has also increased
singe fertilizatien {in comparison to the values
recorded for 1972 to 1974 in Table 2}, and species
composition has shown an early spring shift to
Chlorophyceae away from the predominant chryso-
phytes which dominated the control lakes in the
Experimental Lakes Area {E.L.A.).

EPILIMNION FERTILIZATION WITH PO,

Lake 261 continued to recejve additions of
PO, te its epilimnion from 1974 to 1976 (Table 1).
Epilimnion biomass has increased since additions
began in 1974 when a maximum biomass of 4600 mg/m3
was recorded. In 1976 a maximum biomass of 9600
mg/m? was recorded. Both peaks {1974 and 1976)
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occurred in late July. Chrysophyceae dominated the
gpilimnion throughout 1974 and 197% with major
species being Dinpbrycn spp. and several species

of small flagellated chrysophytes. In 1976 species
composition fluctuated throughout the entire ice-
free season. Dominance shifted from Chrysophyceae
in early spring and summer to Chlorophyceae in Tate
July and early Avgust, then to Peridineae in late
August. Chrysophyceae resumed dominance in late
October. The effects of PO, additions are becoming
more noticeable now as shown by increased biomass
and fluctuating species composition.
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