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Lake Trummen restoration project

II. Bacteria, phytoplankton and phytoplankton productivity
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Introduction

The background and principle course of action of the Lake Trummen Restoration
Project are presented in the preceding paper (BENcTssoN et al. 1975).

Much of the literature on eutrophication puts emphasis on the phytoplankton blooms
and odor nuisances. Eutrophication processes are described from more and more lakes
{Tunomas 1969; Epmonpson 1969) but very seldom the reverse course. Just a few inves-
tigations in connection with recovery of aquatic systems have up to now been reported,
i. e. Lake Washington (Epmonpson 1972).

This paper reports the changes in the development of bacteria and phytoplankton
populations and the changes in the productivity structure of the phytoplankton com-
munity following the suction dredging of the polluted sediment of Lake Trummen.

Methods

Heterotrophic bacteria were determined by the spread plate technique on the nutri-
ent poor yeast-extract peptone medium {organic content 0.03 %) used by Fonpex (1968,
1969).

Protein and starch decemposmg bacteria were determined by plate count on rela-
tively rich media containing gelatin and soluble starch, respectively. Incubations were
performed under aerobic as well as anaerobic conditions.

Sulphate reducing bacteria were examined by plate count ¢n a medium containing
sulphate with lead acetate as indicator. Glucose decomposing bacteria were determined
by use of the most probable number (MPN) method.

Water samples have been taken at a depth of 0.2 m, sediment samples at 0—5 cm,
15—20 cm (the lower part of the nutrient rich sediment before restoration), and 30—33
em (upper part of the nutrient poor sediment before restoration).

For quantitative phytoplankion investigations water was collected with a Rurrner
sampler at 0.2 m and fixed with LucoL’s solution. For calculating the phytoplankton
biomass (fresh weight), the traditional Urermosn (1938) technique was used. Samples
sedimented in chambers of 0.8 and 1 ml and were counted in an inverted microscope at
10 ¥ and 400 X magnification.

Samples from the summers of 1968 and 1969 were so rich in blue-green algae that
they were first treated with ultrasound (MSE Ultrasonic Disintegrator, 1 minute at 1
ampére) to split the large colomea of Microcystis aeruginosa and Anabaena :.pp

The species diversity of phytoplavkton, wus thpruaed in Suannox index acenrding
to Gouar {(1971) and about 1,500 cells were counted.

The ph,'topidn;ton productivity was caleulated 4(.&31(111u, to STERMANN NIELSEN
(1932, 1965). 130 ml glass bottles were mm ubited with wsually 2 or 4 wCi of M'C
NLICO,. The
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from each bottle was directly filtered through a 0.2 ym membrane, while other sub-
samples from the bottles were poured through 45 and 10 um net before filtration
through membrane filters. The ¥C-ampoules have been delivered from The Internatio-
nal Agency for *C Determination, Copenhagen, which also performed the radioactivity
measurements of the menibrane filters using GM-technique.

Results and discussion

Bacteria

The number of aerobic heterotrophic bacteria did not change after the resto-
ration, although it increased during the dredging (Fig. 1).
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Fig. 1. Development of aerobic heterotrophic bacteria in Lake Trummen October 1965—
November 1973 (colony forming units/ml water at 0.2 m depth).

TFor the determination of the heterotrophic bacteria a medium as little se-
lective as possible was wanted. The chosen nutrient poor medium gave about
100 times more CFU {colony forming units) than Difco Nutrient Agar. Part of
the autochthonous “oligo-carbophilic” microflora (Overseck 1974) seems there-
fore to be trapped on this medium. Before the restoration the organic content in
the water was 100—180 mg/l. After the restoration the content was about
50 mg/l and a higher proportion consisted of dissolved substances (BENGTSsON
et al. 1975). This decrease in organic material seems not to be sufficient to af-
fect the occurrence of bacteria as determined on this medium.

No correlation between the seasonal variation of phytoplankton and hetero-
trophic bacteria was cbserved. The bacterial fluctuation was rather irregular al-
though there were generally low numbers in the winter and an increase occurred
at the end of the ice periods. The particularlv high spring maximum in
1970 was developed after an unusually long ice period with oxveen deficion
and a fish kill. A similar maximum was observed for the pr
the starch decomposing bacteria indicating the role of the |
fish, During 1973 the fluctuation in number of heteroirephic Tacterin was wreat-

in but not for
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er than before. The maximum in June was followed by an unusually large po-
pulation of Bosmina longirostris (ANDERssoN et al. 1975).

The number of heterotrophic bacteria that develop under anaerobic condi-
tions increased 10 fold after the restoration, but still represented only about '/1
of the number of aerobic heterotrophic bacteria.

The number of starch decomposing bacteria decreased by 50—60 %o and that
of protein-decomposing by 90—95 %o (calculated from yearly averages) (Fig. 2,
3). This decrease is valid for both aerobically and anaerobically growing CFU. The
seasonal fluctuation of starch decomposing bacteria showed a rather good cor-
relation with that of the phytoplankton. The starch and protein decomposing
bacteria were of practical reasons cultivated on more nutrient-rich media. The
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Fig. 2. Development of aerobic starch decompesing bacteria in Lake Trummen Novem-
ber 1968—November 1973 (colony forming units /ml water at 0.2 m depth).

aerobic protein decomposing bacteria, CFUs/ml-10°
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bacteria growing on these media may be more nutrient demanding and there-
fore more easily affected by the decrease in organic material. The reduction in
starch decomposers may be attributed to the lower phytoplankton biomass but
was probably also related to the removal af macrophytes in the littoral.

There has also been a successive reduction in the number of glucose decom-
posing bacteria (also cultivated on a rich medium), which now constitutes about
25 °/o of the number before restoration.

Most of the examined groups of bacteria occurred in highest numbers at the
sediment surface belore the restoration and the numbers continuously decreased
through the black polluted sediment. Anaercbically growing heterotrophic and
sulphate-reducing bacteria were, however, most abundant 15—20 cm below the
sediment surface. The underlying brown nutrient poor sediment contained
comparably low numbers of bacteria.

After the dredging the occurrence of bacteria has been more concentrated to
the new surface sediment. In this layer the number of most of the bacteria was the
same as before. Aerobic protein decomposing and sulphate reducing bacteria,
however, both decreased in number by about 50 %s and the occurrence of anaero-
bically growing bacteria increased. The exposed sediment contains lower con-
centrations of phosphorus and nitrogen than the original polluted surface sedi-
ment. The content of free glucose is of the same order of magnitude as before
(BenGTssox et al. 1975),

Phytoplankton and phytoplankton productivity

Before restoration during winter and early spring the biomass and
productivity of phytoplankton was low. The diatoms, mainly Melosira spp. and
Synedra spp., were most abundant during spring and autumn. During the period
June through September Lake Trummen was characterized by heavy blooms of
blue-green algae and the average Secchr disk transparency was 23 cm in 1968
and 18 cm in 1969 (Tab. 1). In June Aphanizomenon flos-aqguae and Anabaena

—_ spiroides dominated. Later on in July the most abundant species were Anabaena

spiroides, Raphidiopsis mediterranea and Microcystis aeruginosa (Figs. 4, 5).

Tab. 1. Mean Seccir disk transparency (cm) and mean Suannon diversity index
(bits/cell) from June through September 1968—1973 in Lake Trummen, Sweden.

Year 1968 1569 1970 1971 1972 1973
Seccur disk 23 18 8 70 68 75
transparency {cm}

rersity 1B 1.0 3.7 2.4 2.4 3.0

Typieally for a polluted like the zreatsst productivity, calculated both per
init volume and per unit area. was recorded in August and September when the
cecurrence of Microcystis aerizinose was greatest (ANDERSSON et al. 1973). Dur-

inz this period the pll was «boat 10. the dissclved organic and inorganic con-
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Fig. 4. Development of phytoplankton biomass (fresh weight) during 1968—1973 at 0.2 m
depth in Lake Trummen; Sweden.
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Fig. 5. Development of bluc-green algae biomass (fresh weight) during 1968—1973 at
0.2 m depth in Lake Trummen, Sweden.

tent of nutrients in the water was high (Bexctssox et al. 1975), favoring the de-
velopment of blue-green algae (Swariro 1973) and causing a low diversity of
the phytoplankton community (Fig. 6).

The euphotic zone was less than 0.5 m and the total phytoplankton produc-
tivity {Aua:) was about 10 g © - m™-dayv™ in the top 20 em. Only 20--4D0/
of the total production per m® was photasynthesized by algae able to pass
through a 45 zra plankton net (Fig. 7).
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Diversity of phytoplankton, Shannon index.
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Fig. 6, Changes in species diversity from June through September at 0.2m depth in Lake
Trummen, Sweden. The Suanxox index was used and expressed in bits Jeell.
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Fig. 7. Depth-distribution of photosynthetic rates during late surmmer 1969 and 1973 in

Lake Trummen, Sweden. The percentage figures denote the productivity of algae passing

through a 45 ym plankton net (1969) or 45 and 10 xm plankton nets (1973) in relation

to the total phytoplankton productivity (g C-m™- day™). photosynthetic rate of

the total phytoplankton community, - - - photosynthetic rate of algae passing through a

45 pm plankton net, ... .. photosynthetic rate of algae passing through a 10 #m plank-
ton net,

After restoration the phytoplankton development changed drasti-
cally. During the unusually mild winters of 1972 and 1973 species belonging to
Chrysophyceae were abundant under the thin and transparent ice and the po-
pulations consisted of mainly Mallomonas eoa (CroxpeRe 1973), Synura spp.
and Dinobryon spp. Spring and autumn peaks of distoms failed to appear. In-
stead, diatoms were most abundant during the summer together with sinall niis-
cellaneous forms, green algae and some blue-green alwae. ie. Anabacna flos-
aquae, Microcystis delicatissima wnd Aphanothece elipsoide. The hinmase of
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Fig. 8. The annual phytoplankton productivity 1968—1978 in Lake Trummen, Sweden.

Black areas denote the productivity of algae passing through a 10 xm plankton net

(1970—1973) and the hatched plus the black areas the productivity of algae passing
through a 45 um plankton net (1969, 1972, 1973).

blue-green algae decreased drastically and some species disappeared completely,
for example Oscillatoria agardhii and Raphidiopsis mediterranea. The abun-
dance of Aphanizomenon flos-aguae and Microcystis aeruginosa diminished
greatly (Figs. 4, 5).

The phytoplankton diversity increased due to the quite different environ-
menta!l conditions with low content of inorganic nutrients of the water (Fig. 6).
Depending on the decrease of the phytoplankton biomass the light conditions of
Lake Trummen improved. The mean Seccur disk transparency from June through
plankton productivity (Amay) was usually less than 2 g 1- m™ - day™. The pro-
ductivity calculated per unit area was still high due to the inerease of the tro-
phogenic layer (Fig. 7).

Selective filtrations during August and September 1973 using 45 and 10 um
plankton nets showed that more than 80 and 60 %o, respectively, of the total
productivity per unit area was assimilated by algae able to pass through these
nets. The mean biomass of phytoplankton from June through September 1972 and
1973 was 10 mg/1 and the mean diversity index 2.7 bits/cell. The mean annual
phytoplankton productivity during these two years was 225 g C-m™. More
than 609 of the annual total production was photosynthesized by algae passing
through a 10 pm net (Fig. 8). The lew content of inorganic nutrients in the re-
stored lake, above all phesphorus, favored the development of nannoplankion,
which are supposed to be metabolically more active than netplankton due to
hizher surface 2rea/volume rations (Wittiams 1964). As the sbundance of nan-
nuplankton increased atter restoration and as the nannoplankton has greater as-
similation number (Py.y) relative to the netplankton (Gerix & RipL in manuser.}
it may be of importance for the development of zooplankten (ANxpeasson et al.

)
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Summary

The number of aerobic heterotrophic bacteria in the water did not change after the
restoration of Lake Trummen. A marked decrease of protein, starch and glucose de-
composing bacteria was observed. In the sediment all the examined physiclogical groups
of bacteria were concentrated to the uppermost 5 cm, where most of them occurred in
the same number as before.

In connection with the restoration the mean biomass of phytoplankton from June
until September decreased from 75 to 10 mg/l due to the lower abundance of blue-
green algae. The productivity structure of the phytoplankton communities was changed.
In spite of the decrease of the mean annual productivity from 875 to 225 g C-m™, the
vearly productivity of algae with a mean diameter less than 45 ym did not change.
More than 60 %/ of the annual phytoplankton production was photosynthesized by algae
less than 10 wm. The diversity of phytoplankton increased when the fertility of Luke

Trummen decreased.
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Discussion

SHariro: Could vou explain why the leke seemed to he getting hetter in

early 1970 even thongh little dredging had heen dons®




1086 I1. Lakes. 4. Eurcpe

GeLin: Unfortunately the unusual long ice period 1969/70 caused oxy-
gen deficiency and a large scale fish kill. This probably influenced the zooplank-
ton and phytoplankton population just before starting the dredging.

Horng: Although there has been a most satisfying percentage decrease in
numbers of blue-green algae since restoration, are there never the less any nui-
sance scums still present causing any complaints?

Gerin: No. Complaints do not now occur, but the lake is still eutrophic.



