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ABSTRACT

Findlay, D.L. 1981, Seasonal successions ‘of phytoplankton in seven lake
basins in the Experimental Lakes Area, Northwestern Ontario, follow-

ing artificial. eutrophication. Data from 1977 to 1979. Can. MS
Rep. Fish. Aquat. Sci. 1627: 1iv + 40 p.

This report summarizes the changes in the phytoplankton communities
of seven lake basins following artificial enrichment with nitrogen, phos-
phate and carbon. ©Data presented comes from studies of Lakes 227, 304, 226
(north and south basins), 261, and 302 (north and south basins) carried out
from 1977 to -1979.  Included are 14 figures showing total bjomass and %
composition and 14 lakes 1isting common species found throughout the study.

Key words: phytopTankton; planktonic algae; biomass; lakes; eutrophica-
~ tion; enrichment.

RESUME

Findlay, D.L. ~ 1981. Seasonal successions of phytoplankton in seven lake
basins in the Experimental Lakes Area, Northwestern Ontario, follow-
ing artificial eutrophication. Data from 1977 to 1979. Can. M5
Rep. Fish. Aquat. Sci. 1627: 1iv + 40 p.

Ce rapport résume les changements qui se sont produits au sein des
populations de phytoplancton dans sept bassins, & la suite de Teur enrich-
issement artificiel en azote, en phosphate et en carbone. Les données
proviennent de 1'®tude des lacs 227, 304, 226 (bassins nord et sud), 261,
et 302 (bassins nord et sud), effectuée entre 1977 et 1979. .Le rapport
comprend aussi 14 illustrations de biomasses totales et de leur composition
(en pourcentages), ainsi. que les noms de 14 lacs et des espéces communes
que 1'on.y a retrouvées au cours de 1'etude. o '

 Mots-clés: phytopTanctdn;jaTgues planctoniques; biomasse; 1acs;'eutfophis-
ation; enrichissement. o ' . :



INTRODUCTION

This report summarizes the seasaonal succes-
sions of phytoplankton comminities in seven lake
basins in the Experimental Lakes Area (ELA} near
Kenora, Ontario, from 1977 to 1979, Six of the
seven basins have been subjected to nutrient addi-
tion of various types. The effects of artificial
eutrophication -and the recovery of lakes after ar-
t1fic1al eutrophication are a1su discussed.

. METHODS

- This report is a continuation of studies re-
ported by Kling and Hoimgren (1872), Findlay and
Kling {1975), and Findlay (1978). The methods used
for samp11ng, counting and identificatlon are as

described in Find1ay {1978).

"BACKEROUND TO EXPERIMENTS
LAKE 227

Arga 5;00 ha
Volume 2.21 x 105m3.
Mean Depth ‘4.4 m

Object of the experiment: :
: 1969-1974: +to test the hypothesis that car-
- .. hon is not the biomass Timiting
: nutrient. :
1975-1979: +to test if a1ter1ng the N:P ratio
o " of artificial mutrient additions
from 15:1 to 5:1 (by weight)
would cause the appearance of
nitrogen fixing blue greens,

Artificial
" MNutrient
C NP Ratio
g/me/yr  g/m2fyr  g/md/yr (by wgt)
1969-1974 7. 0.50 0:14: 1
_ "(NaN03) (H3F04) :
. 1975-1979 . - 2.25 046  0: 5: 1

- (NaNog)  (H3RO4)

LAKE 226 -NORTH -

Area 8. 3 ha o
Volume 4.72 x 1065m3 -
Mean Depth 5.7 m

Object of the experiment:

S 1973-1979: to test the hypothesis that phos-
. -phorus addition would cause the
lake to become eutrophic and that
“a low ratio (5:1 by weight} of
N:P would encourage the appear-
ance of blue green algae capable

of fixing atmospheric nitrogen.

Artificial
Nutrient

C N p Ratio
g/me/yr  g/me/yr g/mdfyr  (by wgt)

1973-1979  3.69 1.808 0.34 10: 5: 1
,{sucrose) (NaNO3)  {H3PO4) '

LAKE 226 SOUTH

Area 7.8 ha
Volume 4.885 x 105m3
Mean Depth 6.3 m

Object of the experiment:

1973-1979: to use as a control for the north
basin and to test the hypothesis
that carbon and nitrogen without
phosphorus wuu]d not cause eutro-
phfcat1nn

Artificial
g ~ Hutrient
C: "N p Ratio
g/méfyr  a/mfyr  g/m/yr  (by wgtg
C N.

1973-1979  3.59 1.93 10: 5: 0
(sucrose} (NaND3) =~ -

LAKE 261

* Area 5.6 ha
Voluwe 1.60 x 105m3
Mean Depth 2. 9 m

ObJect of the experiment:
1973 1976: to test the ‘hypothesis that phos-
phorous, by ~itself, causes eutro-
phication.
1977 1979:ta momtor' the lake's recovery.

. g/malyr  kglmzfyk fg/mzlyr

1973-1576- o o 0.246
B ' - (H3P0g)

1977-1979 no additions

LAKE 302 NORTH

Area 12.8 ha
Volume 7.32 x 105m3
Mean Depth 5.7 m

Object of the experiment: = -

1972-1976, 1978: to test the hypothes1s that
discharging nutrients (G, N, P}
below the thermocline will reduce
the eutrophying effects which oc-
cur if nutrients are discharged
inta the ep111mniun



Artificial

Nutrient
c SN Ratio

g/m2/yr  g/mZfyr  g/m?/yr  (by wgt)

T NP

1972-1976  3.73 2.79 0.536 7: 6: 1
{sucrose) (NHgCL}  [H3PO4)

1978 3.73 2.79 0.536 7:5: 1
{sucrase} (NHgCL}  {H3POg)

LAKE 302 SOUTH

Area 10.9 ha
Volume 5.54 x 105m3
. Mean Depth 5.1 m

Object of the experiment:

1972-1976, 1978: used as a control for the
north basin which received
C, N apd P below the therm-
ocline.

1972-1976, 1978: HNo additions

LAKE 304

Area 3.6 ha
Volume 1.15 x 105m3
Mean Depth 3.2 m

Object of the experiment:

1971-1972: to test the hypothesis that
additions of carbon would enhance
eutrophication. This experiment
was used as a comparison to Lake
227 which received no carbon and
was naturally low in carbon.
to test the hypothesis that the
deletion of phosphorus would
reduce the eutrophying effects of
enrichment.

1975-1976; to monitor the effects of
extremely high loading rates of
nitrogen and phosphorous.

1977-1979: to study the recovery . from
artificial enrichment.

1973-1974:

Artifigial
Nutrient
t N p Ratio

o/m/yr  g/m2fyr a/mZ/yr by wgt)

C NP

19711572 5.5 0.4. 13.8:13: 1
{sucrose) (NH4CL) {H3P04)
1973-1974 5.5 .
(sucrose) (NHqCL) {HaPO4)

1975-1976 ' 14.48 °  1.01 0:14: 1
‘ (NaND3)  {H3PO4)

1977-1979  No additions

M

RESULTS

. LAKE 227

1977

EEﬂimn'lo (Fig. 1, Table 2)}: 1In early May,
1977, Lake. 227 had an average epilimnetic biomass
of 9,040 mg/m3. Chrysophyceae were Bl% of the bio-
mass and Cyanophyceae 14%., Fertilization began 1n
mid May with weekly additions of NaNO3 and H3PQ
2 N:P ratio of 5:1 by weight. At this tme,
species composition shifted to 35% chrysophytes,
30% cyanophytes, 14% cryptophytes and 13% chloro-
phytes. 8y early June, biomass had increased to
10,900 mg/m3. © This increase correlates with a
small bloom of Synedra acus, a diatom, which in-
creased to 42% of the total biomass at -this time.
Biomass daclined during June and by late Jure was
5,400 mg/m3. In early July, Ch'lor'oph_vceae were 76%
of the biomass of 6,600 mg/m3. Riomass increased
throughout July to 16,800 mg/m3. Cyanophycean
species first appeared “in-mid August and by late
August they represented 77% of the total biomass of

36,000 mg/m Aphanizomenon gracile was the domin-
ant spemes In early September, biomass reached
66,200 mg/m3, the highest biomass ever seen in the

Expermenta'l Lakes Area. Cyanophytes continued to
represent over 70% of the biomass throughout most
of September. In early COctober, bjomass decreased
to 6,350 mg/m3 consisting of 2BT cyanophytes, 25%
chr‘ysuphytes and 20% Peridineae. After this, Peri-
dineae increased in abundance, representing 51% of
the biomass by mid October and 66% by the end of
the month. Total biomass increased to 21,400 mg/m3
by this time and sampling was discontinued because
of the onset of ice-cover.

Metalimnion {Fig. 2, Table 3):
in La e ad an early spring biomass of 3,040
mg/m3. Chrysophyceae were 49% of the biomass, but
Oscillatoria Redekei, a cyanophyte, was 26%. By

The metalimion

mid May biomass had doubled to 7,900 mg/m® and
species composition had shifted to 32% chryso-
phytes, 23% chlorophytes, 23% cyanophytes and 11%
cryptophytes. Biomass continued to dfncrease
throughout May and early June reaching 14,000 mg/m3
with species composition unaltered. Biomass then
declined slightly, but by the end of June it had
increased to 27,400 mg/m Chrysophyceae dominated
(34%), but Peridineae (22%] and Cyanophyceae (21%)
were also important. Biomass continued to increase
and reached the yearly meta11mnet1c maximum 1in
early August {34,234 mgymd). Chlorophytes were 53%
and cyanophytes were 38% of the biomass. By Tlate
August, Cyanophyceae ipcreased to 67% of the total
biomass of 33,400 mg/m3. Sampling was subsequently
discontinued due to deepening of the epilimnion.

Hypolimnien: In 1977, the hypolimnion imr Lake
227 was sampled only once (1B May) because Tight

-penetration was too low to allow photosynthesis in

the hypolimnion for the rest of the summer. At
this time the biomass was 4,430 mg/m3 and was 32%

- cryptophytes, 31% chlorophytes, 16% cyanophytes and

11% chrysophytes,



1978

Epiiimnion (Fig. 1, Table 2}: _In. early May
1978, the standing crop of 3,300 mg/m3 was composed
of 33% Cryptophyceae, 26% Cyanophyceae, 21% Chryso-
phyceae and 17% Chlorophyceae. Fertilization began

-in mid May with weekly additions of NaNO3 and H3POg

at a N:P ratio of 5:1 by weight and by Tlate May
several chlorophycean species became dominant and
Chlorophyceae continued to dominate throughout the
remainder of the year. 1In mid June biomass_was
8,375 mg/m3, Biomass declimed to 4,210 mg/m3 in
mid July, then increased to 11,631 mg/m3 by the end
of the month. Biomass declined throuhgout August
and in mid September was 5,590 mg/md. At that
time, chlorophytes were 55% of the biomass and
Cyanophyceae were 25%. In late September, biomass
increased to 8,900 mg/m3 and composed of 40%
chlorophytes, 31% cyanophytes and 20%_ chryso-
phytes. Biomass: decreased to 5,580 mg/m3 in mid
October at which point sampling was' discontinued.
Biomass estimates for 1978 were the Tlowest since
artificial eutrophication began. Cyanophyceae did
not dominate for the first time since the nitrogen
to phosphorous ratio was reduced to 5:1 in 1975.

Metatimnion (Fig. 2, Table 3}: The metalimnion
in |'ake 227 was not sampled until mid June because
the depth of the epilimnion exceeded the depth of
the euphotic zone. In mid June, biomass was re-
corded at 13,030 mg/md. Cryptophyceae were 51% of
the biomass while Cyanophyceae and Chlorophyceae
made up 22% and 14%, respectively. By mid July,
Cyanophyceae increased to 65% of the standing crop
with Oscilliatoria Redekei being the major species.
Biomass at this time was 13,050 mg/m3. In earl
August the maximum yearly bjomass of 16,815 mg/m
was recorded, _By mwid August, biomass had declined
to 11,275 mg/m? and species composition shifted to
a co-dominance of chlorophytes and cryptophytes,
Biomass continued to decltine reaching 9,890 mg/m3
in mid September by which time Cryptophyceae had
become dominant, representing 47% of the standing
crop. Sampling was discontinued at this time due
to fall mixing.

1979

Epilimnion (Fig. 1, Table 2): In mid May,
1979, the epilimnion was dominated by small chloro-
phytes (Chlamydomonas spp. and Chlcrogonjum maxi-
mum) and biomass averaged 2,360 mg/m3. Artificial
enrichment began in mid May with weekly additions
of NaNO3 and H3PO4 being added at a N:P ratio of
5:1 by weight. By late May, Chrysophyceae domina-
ted with Tlarge populations of Chlorophyceae and
Cyanophyceae remaining;- biomass decreased at this
time, In mid June, chlorophytes were 69% of the
biomass with Scenedesmus denticulatus, Scenedesmus
quadricauda, Chlamydemonas sp., and Docystis lacus-
tris being the major species. In 1ate June, large
populatfons of Oscillatoria Redekei and Osciilato-
ria limnetica ~appeared,” becomirg the dominant
species by mid July. Biomass was. 2,000 mg/m3 at
this time._ By mid July biomass had increased to
8,740 mg/m3 and the cyanophytes Oscillatoria 1im-
netica, Anabaena c.f. cylindrica and Anabaena soli-
taria f.a. pianctonica dominated. Biomass increas-
ed steadily throughout late July and early August,
reaching 53,340 mg/m3 in mid August. At this time,
biomass was 96% Cyanophyceae of which 69% was Ana-
baena c.f. cylindrica and 26% was Oscillatoria Tim-
netica. Cyanophyceae continued "o dominate ~the

standing crop throughout the remainder of August
and September, decreasing to 41% by early October.
Biomass declined throughout this period reaching
6,810 mg/md in early Octobher, when Chlorophyceae
became dominant. They continued to dominate for
the remainder of the ice-free season. In October,
biomass fluctuated from 5,415 mg/m3 to 8,010 mg/m3.

Metalimnion (Fig. 2, Table 3): Sampling of the
metalimnion began in late May, at which time the
biomass was 1,360 mg/m3 composed of 56% chloro-
phytes, 21% cyanophytes, and 16% chrysophytes.
Chlorophyceae dominated throughout June and eariy
July with Scenedesmus denticulatus as the_ dominant
species. TBiomass increased to 2,500 mg/m3 in late
June, then declined. Dominance shifted in 1late
July to Cyanophyceae {Oscillatoria ‘limnetica},
‘which constituted 50% of the standing crop.
Chlorophyceae biomass decreased to 37%. = Cyano-
phyceae continued to dominate the plankton commun-
ity for the remainder of the season, with Apabaena
c.f. cylindrica becoming the dominant speciés.” In
early September, this species comprised 92% of the
total hiomass. Biocmass increased from 3,140 mg/m3
in late July to' 32,175 mg/m® in late August when
cyanophytes became dominant. Biomass then decreas-
ed through September averaging 20,660 mg/m3 by mid
September.  Sampling ceased at this time because of
fall mixing. ' i ’

LAKE 226 SOUTH
1977

Epilimnion (Fig. 3, Table 4): In early May the
biomass was 2,745 mg/m3. Chrysophyceae were 57%.
Artificial enrichment began. in mid May with weekly
additions of sucrose and NaNO3. By mid May domin-
ance had shifted to’'Diatomeae (Rhizosclenia erien-
sis) and bfomass increased to 4,780 mg/m3. Diato-
meae dominated throughout June and early July, at
times representing as much as 63% of the standing
crop., Biomass increased to 7,760 mg/m3 in early
dune then decreased. In tate July, dominance shif-
ted to Chlorophyceae {Spondylosium planim and
Chlamydomonas sp). Biomass fincreased to 9,800
mg/md by early August with the plankton assemblage
being composed of 52% Chlorophyceae, 24% Chryso-
phyceae, ‘and 13% Cyanophyceae. In late August
Chlorophyceae and Cyanophyceae were co-dominant.
By mid September - cyanophytes (Anabaena solitaria
f.a. planctonica and Oscillatoria Timnetical were
66% of the standing crop. Cyanophycean dominance
lasted until early October when Chrysophyceae
{Dincbryon sertularia) became co-dominant. Chrysao-
phyceae dominated throughout October as Cyano-
phyceae decreased in importance.

Metalimnion (Fig. 4, Table 5}): 1In early May the
metalimnion bjomass was 3,460 mg/m3 and was compos-
ed of 49% Chrysophyceae, 31% Diatomeae, and 8% Per-
idineae. By mid May, Diatomeae became dominant with
Rhizosolenia eriensis being the major species.
Biomass increased to 9,050 mg/m3 in mid June when
the diatoms Rhizosolenia eriensis and Cyclotella
glomerata composed 63% of the standing crop. Dia-
tomeae remained dominant until ‘tlate July when
Chrysophyceae ({Synura spp.) became co-dominant.
Chrysophyceae dominated from early August until mid
September at which time domimance shifted to Cyano-
phyceae {Oscillatoria limnetica). Populations of




Chrysophyceae and Diatomneae were also pr-esent.l Sam-
pling ceased at this time due to deepening of the
epilimnion.

Hypolimnion (Fig. 5, Table 6): The early spring
biomass of 2,785 mg/m3 was dominated by Chryso-
phyceae but substantial populations of Diatomeae
and Chlorophyceae were also present. In early June
_Diatomeae (Rhizosolenia eriensis, Cyclotella glom-
erata, Synedra acus] dominated. [iatoms continued
to dominate UntiT mid July when sampling was term-
inated due to deepening of the metalimnmion.

1978

Epitimnion (Fig. 3, Table 4): 1In early May the
epilimnion biomass {1,080 mg/m3)} was dominated by
Chrysophyceae (49%) and Cryptophyceae (43%). Fert-
ilization began in mid May with weekly additions of
sucrose and NaND3, as in previous years. Chryso-
phyceae continued to domipate throughout June and
was 77% of the total biomass of 3,920 mg/m? in ear-
ly July. Dominance shifted to diatoms in mwid
July. By mid August the standing crop had shifted
to 36% Chrysophyceae, 31% Diatomeae, and 16% Cyano-
phyceae, In September, cyanophytes (Anabaena soli-
taria f.a. planctonica and Oscillatoria Redekei)
dominated and biomass peaked at ¥,680 mg/m3. Cyan-
ophyceae gave way to Chrysophyceae in late Septem-
ber and chrysophytes dominated for the remainder of
the sampling season. :

Metalimnion (Fig. 4, Table 5): The metalimnion
was dominated by Chrysophyceae for the entire sam-
pling season. Small populations of Cryptophyceae
and Diatomeae were  present throughout the season
with a noticeable pulse of Cyanophyceae {Anabeana
c.f. Levanderi, Oscillatoria Redekei, and Oscifla-
toria Timnetical Tn Jate August and September.
Biomass ranged from 1,150 mg/m? in early spring to
5,695 mg/m3” in the fall. Sampling ceased in late
September as the metalimnion mixed with the epilim-
nton.

Hypolimnion (Fig, 5, Table 6): The hypolimnion
was sampled three times in early spring and sum-
mer,  Chrysophyceae dominated with small popula-
tions of Cryptophyceae, Chloraphyceae and Diatomeae
appearing occasianally. Biomass increased from
1,181 mg/m3 in mid May to 10,335 mg/m3 in early
July. This large increase in biomass was due to a
rapid increase in Dinobrycn sertularia and Chryso-
chromulina spp., chrysophytes, and CyclotelTa com-
ta, a diatom. Sampling was terminated in early July
Decause the depth of the metalimnion .exceeded the
1% light Tevel.

1979

Epilimaion {Fig. 3, Table 4): The standing crop
(1,700 mg/m?] in mid May was dominated by Chryso-
phyceae with small populations of Cryptophyceae and
Chlorophyceae. Artificial enrichment began in late
May with weekly additions of sucrose and NaND3.
Chrysophyceae continued to dominate the plankton
assemblage throughout June, July and August; major
species were (Chrysochromulina parva, Dinobryon
bavaricum, Uroglena americana, Lhrysococcus  sp.,
and Salpingoeca frequentissima. Tn addition to the
dominant chrysophytes, populations of chlorophytes
(Chlorella cf mucosa, Dictyosphaerium simplex,
Chlamydomonas spp., Spondylosium planum), diatoms

yciotelTa giomerata, Synedra acus), and crypto-

phytes (Rhodomonas minuta, Cryptomonas erosa, Kata-
blepharis ovalis} weré present. Biomass ranged
from 964 mg/m? in early duly to 2,150 mg/md in late
July. Early in September Chlorophyceae became co-
dominant with the already dominant Chrysophyceae.
This co-dominance continued until mid September at
which time Chrysophyceae became the domipant
group. Chrysophyceae dominated for the remafnder
of the ice-free season with biomass averaging 1,440
mg/md from mid September until late October..

Metalimnion (Fig. 4, Table 5): During May
through September the metalimnion was dominated by
Chrysophyceae. Populations of Peridineae, Diato-
meae, . Chlorophyceae, Cyanophyceae, and Crypto-
phyceae appeared occasionally throughout_this per-
jod._ Biomass fluctuated from 1,200 mg/md to 2,175
mg/m3, averaging 1,780 mg/m3. 1In early October,
Cryptophyceae became co-dominant with the existing
chrysophycean population, each constituting 41% of
the total biomass which was 1,415 mg/m3. Sampling
ceased in early October due to deepening of the
epilimnion.

Hypolimnion (Fig. 5, Table 6)}: Sampling of the
hypoTimnion in lLake 226 south did not begin until
mid June because the depth of the metalimmion ex-
ceeded the 1% Tight level until then.

Chrysophyceae dominated the standing crop
during the three times the hypolimnion was sam-
pled. 5mall populations of Diatomeae, . Crypto-
phyceae, and Cyanophyceae occurred occasionally.
Biomass ranged from 3,790 mg/m3 to 7,835 mg/m3.

LAKE 226 NORTH
1977

Epilimnion (Fig. 6, Table 7)}: Chrysophyceae re-
presented 81% of the early spring biomass of 3,155
mg/m3 standing crop. By mid May, biomass decreased
te 1,825 mg/m3 of which chrysophytes were 66%.
Fertilization began in mid May with weekly addi-
tions of sucrose, NaND3 and H3P04 being added at a
N:P ratio of 5:1 by weight. Biomass fncreased to
4,870 mg/m3 in mid June. Chrysophytes were 46% of
the total biomass with diatoms and chlorophytes
composing an additicnal 26% and 27%, respectively.
In late June, a 511‘3ght decrease in bjomass was re-
corded (3,245 mg/m3). Chlorophycean species in-
creased to 32% while chrysophytes declined to 37%.
By mid July, chlorophytes dominated the pTankton
assemblage and biomass 9increased to 6,880 mg/md.
Biomass increased to 7,500 mg/m3 by late July and
in early August declined, with a decrease in
chlorophytes and an onset of a Cyanophyceae bloom,
mainiy Oscillatoria Redekei, Oscillatoria limnetica
and Anabaena solitaria fa. planctonica, Throughout
August and early September biomass fluctuated be-
tween 5,300 and 6,300 mg/m3 with dominance shifting
from Oscillatoria Redekei in mid August to Anabeana
solitaria fa. planctonica in early September, and
in mid September to Oscillatoria limnetica. At this
time biomass increased to 8,710 mg/m3 and Cyano-
phyceae represented B80% of the. standing ~crop.
Cyanophyceae continued to dominate until mid Octo-
ber when Chrysophyceae became dominant and biomass
decreased to 4,500 mg/m3. At this time sampling
was discontinued due to decreasing light penetra-
tion.




Hetalimnion (Fig. 7, Table 8): Chrysophyceae
were /h% of the early spring biomass of 4,140
mg/m3. Biomass ranged from 2,000 mg/m3 to 5,600
mg/m3 during June, July and August and Chryso-
phyceae dominated with small populations of Diato-
meae and Cryptophyceae. In wid September, domin-
ance shifted to Oscillatoria 1limnetica, a cyano-
phyte, at which tTme biomass averaged 5,600 mg/m3.
Due to deepening of the epilimnion, sampling was
discontinued.

Hypolimnion {Fig. B, Table 9): During the early
summer Chrysophyceae dominated with populations of
Cryptophyceae present. Small populations of
Chiorophyceae and Peridineae appeared in early
spring and populations of cyanophycean species were
present in early July. Biomass fluctuated from
1,800 mg/m3 to 4,000 mg/m3, Sampling ceased in mid
€u1y because the hypolimnion was below the 1% light

evel.

1978

Epilimnion {Fig. 6, Table 7): In early May,
1978, Lake 226 north had an epilimnetic biomass of
1,010 mg/m3. Chrysophyceae were 58% and Crypto-
phyceae were 32% of the early spring standing crop
of 1,010 mg/m3. Artificial enrichment began in mid
May with weekly additions of sucrose, NaNO3 and
H3P04 being added at a N:P ratio of 5:1 by weight.
Biomass increased steadily throughout June and ear-
1y July reaching 5,840 mg/m® on July 12th. In mid
June, Cyanophyceae {(Oscillatoria limnetica and Ana-
baena solitaria fa. planctonica) were 31'% of ~the
standing crop and by mid JuTy, Cyanophyceae repre-
sented 81% of the standing erop, of which 68% was
Anabaena solitaria fa. planctonica and 24% was 0s-
ciltatoria limnetica. Biomass decreased to 2,080
mg/m° in late July and cyanophytes decreased to 68%
of the standing crop. In mid August biomass in-
creased to 11,990 mg/m3 and cyanophycean species
represented 96% of the total biomass. This in-
crease correlated with the appearance of a new
cyanophycean species {in the E.L.A. Area), Anabaena
¢.f. Levanderi. Biomass continued to increased and
reached a yearly epilimnetic maximum of - 17,390
mg/m3 in early September. Throughout the remainder
of September cyanophytes decreased to 65% of the
standing crop and biomass decreased to 6,500
mg/m3. Biomass continued to decrease and by mid
October was 3,450 mg/m3. Cyanophyceae represented
38% of the biomass with Chrysophyceae and Crypto-
phyceae representing 32% and 20%, respectively.

Metalimnion (Fig. 7, Table 8): The biomass was
1,475 mg/m3 in mid May when sampling began.
Chrysophyceae made up 69% of the standing crop;
Cryptophyceae were 24%. Biomass increased through-
out dune and early July reaching 7,310 mg/m3, a
metalimnetic yearly maximum. Chrysophyceae were
60% of the biomass and Cyanophyceae represented
21%.  In mid July, the biomass decreased to 2,515
mg/m3 and the composition shifted to 45% cyano-
phytes and 30% chrysophytes. Cyanophyceae continued
to dominate and, in mid August, represented 58% of
the biomass with Anabaena solitaria fa. planctonica
being the major species. Biomass at this time jin-
creased to 4,620 mg/m3. Sampling was discontinued
at this time due to deepening of the epilimnion in
relation to the 1% Tight level.

Hypolimnion {Fig. 8, Table 9): The hypolimnion
was sampled twice in 1978. The first was in mid May
when a biomass of 1,675 mg/m3 was recorded. The
standing crop was 63% Chrysophyceae, 21% Crypto-
phyceae and 9% Chlorophyceae. In early June the
biomass was 4,320 mg/mJ, Cryptophyceae {mainly
Cryptomonas spp.} were dominant. Sampling ceased
at this time because the hypolimnion was below the
euphotic zone.

1979

Epitimnion {Fig..6, Table 7):_ In mid May, 1979,
the "standing crop was 1,875 mg/m3 of which 58% were
Chrysophyceae, 27% Cryptophyceae, 8% Peridineae,
and 7% Chlorophyceae. Fertilization began at this
time with weekly additions of sucrose, NaW03 and
H3PO4. Biomass increased to 4,840 mg/m by late
dune. Chrysophyceae continied to dominate the
standing crop until early July when dominance shif-
ted to Chlorophyceae (Spondylosium planum) with
large populations of Cyanophyceae (Anabaena c.f.
cylindrica) and Chrysophyceae. By Tate July,
ChTorophyceae represented 60% of the biomass {5,940
mg/m3}; Spondylosium planum was 46% of the total.

~Chlorophyceae continiued to dominate throughout

August with biomass excalating to 11,815 mg/m3 late
in the month. Biomass decreased in early September
at which time the standing crop consisted of 60%
Chlorophyceae (Spondylosium planum), 22% Cyano-
phyceae, and 14% Cryptophyceae, Dominance shifted
to Cyanophyceae in mid September, Anabaena c.f.
levanderi and Anabaena c.f. cylindrica being the
dominant cyanophycean species. Biomass decreased
in early September to 5,150 mg/md. Cyamophycean
dominance Tasted until early October, when domin-

" ance reverted to Chrysophyceae (Dinobryon sociale,

Chrysochromulina parva) which constituted GB& of
the biowass.” Cyanophyceae and Chlorophyceae added
an additional 1%% and 12%, respectively; biomass
increased slightly at this time. Chrysophyceae dom-
inated the epilimnion for the remainder of the ice-
free season with populations of chlorophytes,
cyanophytes and diatoms occurring. Biomass decreas-
ed to 4,980 mg/md by late Dctober.

Metalimnion (Fig. 7, Table 8): 1In 1979, sam-
pling began in late May. Chrysophyceae dominated
with large populations of Cryptophyceae present and
biomass averaged 3,955 mg/m3. Chrysophycean domin-
ance lasted until late July when Cyanophyceae (Ana-
baena c.f. cylindrica} and Chlorophyceae {SpondyTo-
sium planum) were co-domipant. Biomass increased
to 5,015 mg/md at this time. By early August,
Chlorophyceae dominated the standing crop which was
48% chlorophytes, 30% cyanophytes, and 10% cyrpto-
phytes. Chiorophyceae continued to dominate and,
by early September, constituted 73% of the biomass
of which Spondylosium planum represented 63%. Bio-
mass peaked at this time reaching 17,295 mg/mS.
Biomass decreased rapidly and by mid September was
3,620 mg/m3. Chlorophyceae were 37% of the biomass
with 27% Cyanophyceae, 15% Chrysophyceae, and 13%
Cryptophyceae.  Sampling was terminated at this
time.

Hypolimnien (Table 9): The hypolimnion was sam-
pled only once. in 1979 in mid June. Biomass was
2,185 mg/m3 and the phytoplankton community was
dominated by Chrysophyceae {51%) with a large popu-
lation of Cryptophyceae present {41%},



LAKE 304
1877

Epilimnion {Fig. 9, Table 10}: Artificial en-
richment™ of Lake 304 was discontinued in 1977,
Sampling was continued for twe years to follow its
recovery.

Sampling began in early May {1977). At this
time, the biomass of 720 mg/m® was 37% crypto-
phytes, 33% chrysophytes and 22% chlorophyies.
Biomass jincreased throughout May and reached 3,050
mg/m3 in early June. Cyanophyceae {Aphanizomenon
flos-aquae) were 66% of the biomass "with chryso-
phytes and cryptophytes representing an additional
15% and 10%, respectively. By early July, domin-
gnce shifted fo Chrysophyceae and biomass decreased
to 2,595 mg/md. Chrysophyceae continued to dominate
until late September at which time Cryptophyceae
became domipant. Biomass increased from late July
until late August reaching 5,925 mg/m3 then declin-
ed throughout September and October to 2,745 mg/m3.

Metalimnion {Fig. 10, Table 11}):  The early
spring biomass was 22,780 mg/m3.  Cryptophyceae
were 73% of the standing crop with Cryptomonas ova-
ta and Cryptomonas erosa being the major species.
Biomass increased throughout May and, in early
June, a yearly metalimpetic maximum was recorded
(25,570 mg/m3). Cryptophytes were 89% of the stand-
ing crop. By early July, biomass began to slump
and, in early August, a biomass of 1,0B5 mg/m3 was
recorded. Species composition shifted to a domin-
ance of Euglenophyceae. Biomass increased through-
out August reaching 13,160 mg/m3, Euglenophyceae
remained dominant representing 86% of the biomass.
Sampling ceased at this time due to fall mixing of
the epilimnion.

1979

Epilimnion - (Fig. 9, Table 10): Chrysophyceae
(Uroglena americana, Chrysochromulina parva, Dino-
bryon divergens, and Dinobryon sertularia) domina-
ted from mid May unti1 late Dctober constituting
from 50% to 92% of the standing crop. Small popu-
lations of Cryptophyceae, Per{dineas, and Cyano-
phyceae appeared occasionally. Biomass fluctuated
from a minimum of 660 mg/m3 in mid June to a maxi-
mum of 5,810 mg/m3 in late September. By late Oct-
ober, dominance shifted to Cryptophyceae which re-
presented 53% of the standing crop. Biomass aver-
aged 5,150 mg/m3 at this time.

Metalimnion (Fig. 10, Table 11)}: Biomass in mid
May was B60 mg/md composed of 55% Chrysophyceae,
19% Cryptophyceae, and 17% Chlorophyceae. In early
Jupe, biomass decreased to 255 mg/m3 (the lowest
value ever recorded at E.L.A.} ‘and Chrysophyceae
constituted 84% of the standing crop. By mid June,
biomass increased to 925 mg/m3 with dominance
shifting from chrysophytes to cryptophytes which
represented 70% of the biomass. Chrysophyceae and
Cryptophyceae became co-dominant in early July each
representing 36% of the standing crop with Chioro-
phyceae and Cyanophyceae composing an additional
12% and 10%, respectively. This trend continued
- until mid August when the plankton assemblage was
37% Euglenophyceae, 33% Cryptophyceae, and 20%
Chiorophyceae. Euglema acus, a euglenophyte, re-
presented 35% of the standing crop at this time
with biomass increasing to 2,930 mg/m3. Due to
deepening of the epilimnion, sampling was discon-
tinued in mid August.

LAKE 261

1977

Epilimnion (Fig. 11, Table 12}: In 1977, ferti-
Tization of Lake 261 with H3PD4 was discontinued.
Sampling was continued for three years to follow
its recovery. Sampling began in mid May when a
biomass of 3,315 mg/m® was recorded. The phyto-
plankton population was represented by bl1% chryso-
phytes, 29% chlorophytes and_17% cryptophytes.
Biomass decreased to 1,800 mg/m3 in early June and
dominance shifted %o chlorophytes (Crucigeniella
rectangularis}. Chlorophyceae continued to domin-
ate throughout June and July and biomass increased,
reaching a yearly maximum of 4,020 mg/md. In
August Cyanophyceae (Chroococcus limneticus) con-
stituted 40% of the sfanding crop and chlorophytes
were 37%. Cyanophyceae dominance lasted until Tlate
August when several chrysophycean species appeared,
representing 62% of the blomass which was 2,410
mg/md. Throughout September and October, Chryso-
phyceae dominated with small populations of cyano-
phytes, chlorophytes, cryptophytes and dinoflagel-
lates occurring. Biomass fluctuated from 1,725
mg/m3 to 2,680 mg/m3 during this time.

Metalimnion (Fig. 12, Table 13): In early May
Chlorophytes were 52% and chrysophytes were 33% of
the biomass of 3,245 mg/m3. By early June, biomass
doubled (6,708 mg/m3) and chlorophytes continued to
dominate with a large population of chrysophytes
present. Biomass decreased in July and was compos-
ed of 45% chlorophytes, 29% chrysophytes, 12%
cyanophytes and 9% cryptophytes. In early August,
biomass was 2,390 mg/m°. Chlorophyceae and Chryso-
phyceae were co-dominant with a small population of
Cryptophyceae present. In late August, Crypto-
phyceae were 62% of the total biomass which peaked
at 7,890 mg/m3, Sampling was discontinued at this
time due to fall mixing of the epilimnion.

1978

Integrated (0-7 m) (Fig. 1}, Table 12): Lake
261 was sampled four times using a pump (Shearer,
1978} to integrate from 0 to 7 meters. As in 1977,
lLake 261 was not fertilized with H3PD4.

In early spring the biomass was 1,685
mg/m3. Chrysophyceae were 73% of the bjomass and
Chiorophyceae an additional 16%. In mid June, bio-
mass increased to 2,500 mg/m3 and Chrysophyceae
were 85% of the standing crop with Dinobryon spp.
being the major species. Biomass continued to re-
main in this range but in early August Cyanophyceae
were 56% of the standing crop. In early October, a
bjomass of 1,045 mg/m? was recorded and Chryse-
phyceae dominated constituting 52% of the biomass
with cyanophytes and chlorophytes representing 25%
and 13%, respectively.

1979

Epilimnion (Fig. 11, Table 12): In mid May,
biomass was 1,106 mg/m3 and was dominated by
Chrysophyceae (Dinobryon sertularial. By early
June, biomass decreased to 500 mg/m?, then increas-
ed to 860 mg/md in mid June. Species composition
shifted at thismtime to 49% Chrysophyceae and 39%
Chlorophyceae. Biomass continued to increase until
mid July at which time a large population of cyano-
phycean species (Chroococcus Timneticus) appeared
in addition to the already dominant chrysophytes




and chlorophytes. This trend continued until late
August when dominance shifted to Chroococcus T1im-
neticus and Synechococcus Tinearis [cyanophytes]
which constituied 46% of the total standing crop.
8iomass ranged from 950 mg/m3 to 1,350 mg/md
throughout this period, By mid September, species
composition began to revert to Chrysophyceae which
dominated the epilimnion for the remainder of the
ice-free season. Biomass decreased from 1,670
ma/m3 to B50 mg/m3 in late October.

Metalimnion {(Fig. 12, Table 13): The metalim-
nien Tn Lake 261 was dominated by Chrysophyceae for
the entire sampling season, 1979. In addition,
small populations of Peridineae, Cryptophyceae,
Chiorophyceae, and Cyanophycese appeared periodi-
cally. Chrysococcus sp., Dinobryon sertularia,
Dinobryon bavaricum, ChromulTna sp., Botryococcus
protruberans, and Uroglena americana dominated the
chrysophycean popuTations. TBiomass fluctuated from
an early spring value of 950 mg/m? to a metalim-
netic maximum of 4,335 mg/m3 in early July. Sam-
pling stopped in ‘tate September when the depth of
the epilimnion exceeded the 1% 1ight level.

LAKE 302 SOUTH
1978

Epilimnion (Fig. 13, Table 14): 1In early May
the  epiTimnétic biomass was 675 mg/m3.  Chryso-
phyceae dominated with a small population of
chlorophytes present. Biomass remained low through-
cut May and early June. In late June, biomass
reached a yearly maximum of 2,170 mg/m3 at which
time Chrysophyceae constituted 92% of the standing
crop. Chrysophyceae continued to dominate for the
remainder of the ice-free season with populations
of chlorophytes and diatoms occurring throughout
the season. Biomass Fluctuated between 900 mg/m3

and 1,200 mg/m3 from July until late October when

sampling ceased,

the standing crop of 1,250 mg/m3 was 63% Chryso-
phyceae and 26% Chlorophyceae, Fertilization began
in mid May with weekly additions of sucrose, NHaC1
and H3P04 being pumped below the thermocline (B
meters). Biomass increased throughout Jupe reach-
ing 3,130 mg/m3 with chrysophytes dominating, con-
stituting 89%of the standing crop. Biomass de-
creased throughout July and in early August was re-
corded at 803 mg/md (40% chrysophytes and 32%
chlorophytes). In late August, bicmass doubled to
1,750 mg/m3. This increase correlates with an in-
creased in diatoms, mainly Rhizosclenia eriensis.
Throughout September and earTy October biomass re-
mained constant (1,315 mg/m3) as did species com-
position. In late October dominance shifted to 59%
Cryptophyceae with Cryptomonas spp. being the major
SpEC%ES. At this time biomass increased to 3,176
mg/ms,

Metalimnion (Fig. 14, Table 158): The metalim-
nion was dominated by chrysophycean spacies during
the entire sampling season, with small populations
of chlorophytes and cryptophytes present, Biomass
fluctuated from 3,000 mg/m3 to 4,200 mg/m3 from May
until Jate July. In early August & decrease in
biomass was recorded (1,031 mg/m3) but, by late
August biomass increased to 3,690 mg/m3. Sampling
was discontinued due to fall mixing of the epilim-
nion.

Hypolimnion (Fig. 14, Table 15}: The hypolim-
nion was sampled twice_in 1978, 1In late May the
biomass was 3,526 mg/m3. Chrysophyceae dominated
with several species contributing. 1In Tate June
biomass was 5,343 mg/m3 and Chrysophyceae continued
to dominate representing 58% of the biomass with an
additional 32% being represented by chlorophytes.
Sampling was discontinued at this time because the
metalimnion extended beTow 1% light level.

DISCUSSION

Metalimnion {Fig. 13, Table 14): In late spring ‘;%Epﬂimnetic fertilization with € , N and P

the biomass was 1,150 mg/m3. Chrysophyceae were 79%
of the biaomass and Cryptophyceae 11%. Biomass in-
creased steadily throughout June and, in mid July,
a4 yearly metalimnetic maximum biomass of 5,725
mg/m? was recorded. Chrysophyceae were 87% of the
standing crop, Biomass decreased in early August
to 3,665 mg/m3 and species composition shifted to
73% chrysophytes, 13% chlorophytes and 10% crypto-
phytes. By mid Setpember Cryptophyceae ({Crypto-
monas rostratiformis and Cryptomononas erosal were
72t of the total biomass of 4,525 mg/m3 and Chlore-
phyceae 15%. Sampling -of the metalimnion was dis-
continued at this time because the epilimnion was
mixed below the 1% 1ight Tevel.

Hypolimnion {Fig. 13, Table 14): The hypolim-
nion was sampled twice {31 May and 28 June}.
Chrysophyceae were over 70% of the total biomass.
Chlorophyte and diatem populations were also pre-
sent. Biaomass on the two dates were 960 mg/m3 to
1,210 mg/m3, respectively.

LAKE 302 NORTH
1978

Epilimnion (Fig. 14, Table 15): 1In early May

\Lumass in Lakes 226 North and 227 in 1977
1979 are twn times higher than those recorded for
Lake 226 §ortliywith the exception of 1978 when they
were equalv—These estimates for Lake 227 are 200
to 700% higher {Table 1) than prefertilization es-

timates for this lake, control lakes in the Experi-
mental Lakes Area and Lake 226 South.

Biomass in Lake 226 North is two to three
times ‘higher than 1in the south basin, which re-
ceives the same fertilization with N and C but no
H3aPD4. Biomass 1n the south basin of 226 has shown
an increase since additions of C and N started
{Table 1}. The extremely high values in 1877 are
due to a rip in the curtain separating the two
basins {which was not discovered for several weeks)
alTowing the two basins to mix. This increase in
biomass correlates well with total dissolved Phos-
phorus for the south basin (Fig. 15). Biomass
values from 1973 to 1979 have increased 45% from
the lowest value to the highest {Table 1). This
increase in biomass may be stimulated by phosphor-
ous seeping through and over the curtain (since the
curtain is not watertight)., WNo immediate response
was seen because of the low amounts seeping in but
over a period of time a significant accumulation
built up.



Biomass estimates for Lake 226 north appear
to be very stable averaging 5,400 mg/m3. This is
two to three times higher than estimates for our
control lakes as well as for the south basin (1978
and 1579).

As previously documented (Findlay and Kling
1975; Findlay 1978), both bLake 227 and Lake 226
North have cyanophycean blooms which occur in mid-
summer and last into the fall. Lake 226 north has
had a cyanophycean population (Anabaena spp.) cap-
able of nitorgen fixation (Fletf 19767, since fer-
tiiization began in 1973. 1In Lake 227 cyanophytes
(capable of nitrogen fixation} did not dominate un-
£i1 1975, when the N:P ratio in fertilizer was
shifted to 5:1 by weight from the ratio of 15:1
used in 1969-1974 (Schindier 1977). Since then,
nitrogen fixing species of Anabaena and Aphanizo-

menon have bezen the dominant Cyanophyceae. 1t 1s
apparent that phosphorous is the nutrient which in-
fluences the phytoplankton biomass the greatest,
but the ratio between it and nitrogen is critical
in determining whether blue green dominance will
occur {Schindler 1977).

Hypolimnetic fertjlization

Lake 302 MNorth was fertilized and sampled
only in 1978 in the 1977-1979 period. As in pre-
vious years, fertilizer was pumped below the therm-
ocline.

Mean epilimnetic biomass for 1978 {s compar-
able to prefertilization estimates and Jower than
any other year of fertilization (Table 1}. Biomass
estimates for the north basin are also very com-
parable to the south basin which receives no en-
richment.

The mean hypolimnetic biomass {302 MNerth),
however, was higher in 1978 than the fwo previous
years of fertilization (1975, 1976) which are com-
parable to the biomass estimates for the south
basin.

There appears to be no significant change in
species composition throughotit the euphotic zone
whan comparing 1978 with 197% and 1976 (Findlay
1978) or with the south basin (Figs. 14 and 15).
Chrysophyceae continued to dominate with popula-
tions of Chlorophyceae, Diatomeae and Cryptophyceae
present.

It appears that pumping the fertilizer below
the thermocline has prevented epilimnetic algae
blooms, at least until late fall when turnover oc-
curs {Schindler et al. 1980). .

Recovery from epilimnetic enrichment with
C, Nand P

In the fall of 1976, Lake 304 received 1its
last addition of C, N and P, In 1977 and 1979 it
was sampled to monitor its recovery.

There was a slight decrease in mean epilim-
netic biomass in 1977 (Table 1) and a significant
decrease in 1979, when biomass estimates decreased
to prefertilization estimates. Species composition
also changed significantly following the termina-
tion of enrichment. ODuring years of enrichment and
one year after (1977} Lake 304 had a summer bloom

of Cyanophyceae, usually Anabaena or Aphanizoman-
on. In 1979 this bloom was fnsignificant in rela-
tion to the other plankton populations present. In
1977 and 197% Cryptophyceae became domipant in mid-
October with large populations of Chrysophyceae
present. This was similar to the species composi-
tion prior to fertiiization.

The most drastic effect was seen in the meta-
limnion. Biomass values remained high in 1977
(Table 1) but decreased significantly by 1979
(Fig. 9). Species composition also shifted, with
Chrysophyceae and Cryptophyceae dominating umtil
fall, when a large population of Euglenophyceae oc~
curred. This assemblage was similar to that found
during prefertilization years. During years of en-
richment Chlorophyceae was the dominant group in
this zone.

Water quality in Lake 304 has recovered to
prefertilization values as did species composition
over the course of three years.

Recovery from epilimnetic enrichment with H3POg

Artificial enrichment of Lake 261 ceased in
1977. It has been monitored for 3 years (1977-
1879) to study the recovery from H3zPOp additions.

Mean biomass in the epilimnion indicates that
there was a decrease of over 2x between 1977 and
1979, after fertilization ceased. 1979 values are
comparable with those obtained prior to fartiliza-
tion (Table 1). .

Since enrichment ceased (1977) species com-
position has also reverted to that recorded by
Findlay and Kling (1975), when Chrysophyceae usual-
1y dominated and large populations of Cyanophyceae
were present and occasionally dominating.

It appears from the data presented that fer-
tilization with H3P0y did accelerate eutrophication
and that within 2 years after enrichment ceased the -
standing crop returned to its prefertilization
status.
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