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The effect of oxygen depletion on the timing and magnitude of
blue-green algal blooms
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Introduction

In lakes, blue-green algae may form surface scums, produce unpleasant tastes and odors, and are
an unsatisfactory food source for many organisms higher in the trophic structure (Reynorps &
WaLssy 1975, Keating 1978, Horne 1979). Hypotheses to explain the success of blue-green algae in-
clude: 1) the excretion of organic compounds that suppress growth of other algae (MurpHy et al.
1976, Keatmic 1978), 2) the minimization of mortality through an immunity to grazing by zoo-
plankton (Porter 1973, Kavrr & KnokcHeL 1978) and 3) superior uptake kinetics for inorganic car-
bon (King 1970, Suariro 1973, 1984). More recently, the competitive advantage of blue-green algae
under conditions of nitrogen limitation (Frerr et al. 1980, Scrinpier 1977, Smita 1983, 1986) has
been emphasized. However, Trimses & Preras (1987) have shown that for many lakes, total phos-
phorus (TP} may be as good or a better indicator of the relative biomass of blue-green algae than
total nitrogen (TN) or TN : TP ratios. Variance in TP accounted for 63 % of the variance in the rel-
ative biomass of blue-green algae. A substantial portion of the variance (37 %) in the relative bio-
mass of blue-green algae is still unaccounted for.

To understand the factors controlling maximum blue-green algal biomass, we focused on pro-
cesses leading up to the bloom rather than the bloom itself. Recruitment can be very important for
blue-green algal blooms in comparison to other algal blooms (Trimpre & Harris 1984). With the
possible exception of Aphanizomenon flosagquae (LyncH & SHaprro 1981, Trameee & Harwis 1984),
the recruitment of benthic overwintering colonies or filaments of blue-green algae, is enhanced by
anoxic conditions over lake sediments (ReynoLps et al. 1981, Trimeee & Harris 1984). Anoxic con-
ditions should favor the development of blue-green algal blooms. In addition, anoxic conditions
over lake sediments may results in increased TP concentrations in the hypolimnion (Preras &
Vickery 1984). When lake mixing occurs, this accumulated TP is transferred to the epilimnion
(Riey & Preras 1984) and promotes algal growth. The aim of this study was to evaluate whether
the timing and extent of oxygen depletion over lake sediments could serve as predictors of the tim-
ing and magnitude of summer blue-green algal blooms in freshwater North temperate lakes. Data
on the extent of oxygen depletion over lake sediments, mean depth, trophogenic total phosphorus
and the relarive biomass of blue-green algae were collected from thirty-nine lakes.

Materials and methods

Information on spring and summer {(May to September) euphotic or epilimnetic blue-green algal
biomass and total phytoplankton biomass or the relative biomass of blue-green algae, total phos-
phorus {TP), mean depth (Z) and depth to 20% dissolved oxygen saturation in the deepest part of
the lake were obtained from twenty-two Canadian lakes, 16, 3, and 3 in Alberta, Saskatchewan and
Ontario; six American lakes, 5 in New York State, 1 in Wisconsin; and four Swedish lakes. Data for
the Alberta lakes were obtained from R. S. Anperson, D. BeLiveau, A. FurneLL and P. MitcheLL
unpublished data, Alberta Environment; A. Trimsee and E. E. Prepas unpublished data and from
Prepas & Trew (1983) and Trew et al. (1981). These lakes were sampled from 5 to 11 times over the
spring and summer. Data for the Saskatchewan lakes were obtained from Trew (1985; unpublished
data, Alberta Environment). These lakes were sampled only once in early August 1984. Data for the
Ontario lakes were obtained from NarLewajko et al. (1981), Trimsee (1983; unpublished) and Crris-
T1E (1974). Data for the New York lakes were obtained from Scuarrer & Oscrespy (1978), Ban-
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nister & Buseck (1978), Hakr et al. (1978) and Autensach et al. (1978). Data for the Wisconsin
lake were from Brocr (1986) and for the Swedish lakes were from Coveney et al. (1977), EneiL
(1980} and WiLLen (1975).

We calculated an index of the relative potential for blue-green algal recruitment from lake sed-
iments based on the assumptions that:
1. as lake mean depth increase, the relative proportion of lake sediment area to volume decreases.
The recruitment of blue-green algae should therefore decrease as lake mean depth increases.
2. as the proportion of lake sediments overlain by oxic water increases, the recruitment of blue-
green algae should decrease. To estimate the proportion of lake sediments in contact with oxic
water, the depth to low dissolved oxygen levels {1e <20% dissolved oxygen saturation or
<2mg - 1710;) was divided by the maximum lake depth. We used 2mg - 1705 to represent an-
oxic conditions because lower dissolved oxygen levels could not be accurately measured with the
meters used to collect the data. These two assumptions were combined to yield an index (OXYD, m)
of the relative potential for recruitment of blue-green algae:

OXYD = proportion of sediments overlain by oxic water 2 (1)

We predicted that recruitment and therefore the relative biomass of blue-green algae would be in-
versely correlated to the average OXYD.

To approximate a normal distribution, the relative blue-green algal biomass was transformed:
BG Index = In [%BG/(100—%BG)), (2}

where %BG is the percent of the total phytoplankton biomass made up to blue-green algac. BG
index can range from —~4.595 (%BG = 1) to 4.595 (%BG = 99). OXYD values were transformed to
logio to stabilize the variance, linearize the data and to improve the distribution.

Results

We evaluated whether our index of the potential for blue-green algal recruitment
from lake sediments could be used to predict the relative biomass of blue-green algae. A
significant correlation was observed between the average May to September OXYD and
the relative biomass of blue-green algae (r = ~0.57, p <0.001) (Fig.1). A significant
correlation was also observed between z and the relative biomass of blue-green algae
(r = ~0.58, p <0.001).

In thirteen of the thirty-nine lakes examined, the lake sediments were always overlain
by well oxygenated water and the average OXYD was equal to Z (Table1). In four of
these lakes, Z was <5 m. In these shallow lakes, which may mix intermittently, it is pos-
sible that anoxic conditions developed over lake sediments but they were missed due to
the sampling interval. In the other twenty-six lakes examined, oxygen depletion over lake
sediments was observed and therefore the average OXYD was <z (Table2). In these
lakes, three patterns were observed:

1. Blue-green algal biomass increased as OXYD decreased: even though trophogenic
total phosphorus (TP) did not increase until after maximum blue-green algal biomass
occurred. This pattern was observed in highly stratified lakes such as Ethel Lake, Al-
berta (Fig. 2) or lakes where TP levels did not increase in the hypolimnion in response
to oxygen depletion over lake sediments (e.g. Guelph Lake, Ontario). We defined a
TP increase as a 20 % elevation over June levels.

2. Blue-green algal biomass increased as OXYD decreased prior to an increase in TP in
the trophogenic zone. Increased TP levels in the trophogenic zone occurred at or
prior to the date that the maximum blue-green algal biomass was observed.

3. Blue-green algal biomass increased coincident with a decrease in OXYD and an in-
crease in TP in the trophogenic zone.
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Fig. 1. Relation between the average May to September relative potential for blue-green algal re-
cruitment from lake sediments (OXYD, m) and the average relative blue-green algal biomass (BG
Index).

Table 1. Study lakes with no evidence for oxygen depletion over lake sediments in the deepest part
of the lake in summer. Mean depth (2} and average relative biomass of blue-green algae (% BG) are
indicated.

Lake Year  Location % BG  z(m)
Lepine 84 Sask., CAN 1 4.2
Nakamun 83 Alta.,, CAN 72 4.5
Isle 83 Alta, CAN 55 4.5
Gull 83 Alta., CAN 21 4.9
Hjalmaren 72 Sweden 43 6.1
Milaren 72 Sweden 23 13.0
Hemlock 73 N.Y., USA 11 13.6
Pierce 84 Sask., CAN 22 22.8
Owasco 84 N.Y., USA 18 29.3
Viinern 72 Sweden 1 27.0
Vittern 72 Sweden 1 390
Skaneateles 73 N.Y.,, USA 4 43,5

The onset of oxygen depletion over lake sediments, with or without a concomitant
phosphorus release into the trophogenic zone triggered the development of blue-green
algae in lake phytoplankton. The relative biomass of blue-green algae was very high
(% = 65%) in lakes where oxygen depletion resulted in almost immediate increases in
trophogenic TP (Group 3, Table 2). Maximum blue-green algal biomass occurred from 1
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Table 2. Study lakes where oxygen depletion occurred over lake sediments in the deepest part of the
lake in the summer. OXYD refers to the average depth to <20% dissolved oxygen saturation or
<2mg 17! O, divided by the maximum depth multiplied by mean depth (2). %BG is the average
relative blue-green algal biomass. LAG is the length of time between the date that the average
OXYD was reached and the date that the maximum blue-green algal biomass was observed. For la-
kes in group 1, blue-green algal biomass increased as OXYD decreased: trophogenic total phospho-
rus (TP) levels remained unchanged. For lakes in group 2, blue-green algal biomass increased as
OXYD decreased prior to an increase in trophogenic TP. For lakes in group 3, blue-green algal bio-
mass increased cotncident with a decrease in OXYD and an increase in trophogenic TP,

Lake Year Location %BG z (m) OXYD  LAG
(m) (weeks)
a) Group 1
Amisk 84 Alta., CAN 35 10.7 6.6 4
Bysjon 75 Sweden 94 3.6 2.3 4
Ethel 81 Alta.,, CAN 38 6.6 2.3 10
Ethel 82 Alta.,, CAN 16 6.6 33 10
Ethel 83 Alta., CAN 23 6.6 33 =9
Guelph 81 Ont., CAN 70 4.1 3.4 12
Istand $S. 83 Ala., CAN 18 5.2 39 11
Lake-on-the-mountain 70 Ont., CAN 67 10.0 7.6 47
Mendota 78 Wisc., USA 57 12.4 7.7 8
Mendota 80 Wisc., USA 65 12.4 8.1 1,4
Mendota 81 Wisc., USA 41 12.4 8.1 6
b} Group 2
Bartle 83 Alta.,, CAN 38 5.5 54 5
Baptiste S. 83 Alta., CAN 51 127 8.4 7
¢} Group 3
Baptiste N. 83 Alra., CAN 24 5.9 4.1 8
Buck 83 Alta., CAN 57 6.2 58 7
Heart 73 Ont., CAN 93 4.5 3.8 8
LaBiche 79 Alta,, CAN 81 8.4 8.0 7
LaNonne 79 Alta,, CAN 71 7.6 5.2 =10
Nakamun 79 Alta, CAN 87 4.5 3.8 =15
Pine 79 Alta,, CAN 26 6.0 5.2 =10
Tucker 81 Alta., CAN 88 2.9 27 3
Wizard 79 Alta., CAN 55 5.0 37 7
d) Unclassified lakes (no seasonal TP data or n <5)
Canadarago 68 N.Y, USA 54 10.0 7.8
Des Isles 84 Sask., CAN 12 14.1 10.6
Hilda 81 Alta., CAN 34 6.2 2.8
Irondequoit B. 71 N.Y., USA 56 6.8 3.0 4
Saratoga 72 N.Y., USA 37 8.0 4.4 8

to 15 weeks after the date that OXYD reached the average May to September value
(Table 2). In some cases, the time lag is a minimum value, since it was not known wheth-
er blue-green algal biomass had peaked by the last sample date.

Discussion

Aeration of the hypolimnion or destratification of the water column to decrease blue-
green algal blooms has been suggested and tried with variable success many times {e.g.,
Nicaouts et al. 1980, Horne 1979). The rationale has usually been to neutralize the
buoyancy advantage of blue-green algae in stable water columns, to increase CO; or to
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reduce the sediment release of nutrients such as phosphorus or iron. In many cases, aera-
tion is done after the bloom is already present. QOur results suggest that aeration of the
lake sediments should be done before blue-green algae are abundant. In some lakes, in-
creases in blue-green algae were observed after the onset of oxygen depletion over lake
sediments and prior to increases in total phosphorus in the trophogenic zone. While our
data set is small, the significant relation between OXYD and the BG Index, suggests that
the relative potential for blue-green algal recruitment, influences the relative biomass of
blue-green algae. This is consistent with observations that dissolved oxygen depletion
over the sediments favors the recruitment of blue-green algae. Further research is needed
into the factors affecting recruitment of blue-green algae and the effect of altered recruit-
ment on the eventual maximum standing crop of blue-green algae.
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