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THE EUTROPHICATION OF SOME PELOTROPHIC
LAKES; A PALAEOLIMNOLOGICAL STUDY

Olavi Sandman

SANDMAN, 0. 1982. The eutrophication of some pelotrophic lakes; a
palaeolimnological study. Publications of the Water Research Institute,
National Board of Waters, Finland, No. 49.

Sediment samples were taken from three eutrofic lakes situated in southern
Finland in order to clarify their recent evolution. The lakes chosen were
lakes Bodominjärvi, Tuusulanjärvi and Ruokojärvi. The oligotrophic Lake
Särkinen, situated in sandy soil between moraine deposits, was also included
for purposes of comparison. In addition to short sampies a long profile
sample was also taken from Lake Bodominjärvi, representing the entire
independent history of the lake. In addition to the pollen and diatom
analyses carried out in this work, the sampies were also analysed for organic
matter, chlorophyll, pheophytin and in some cases copper and lead. The
results were interpreted using numerical taxonomy.

Index words, Palaeolimnology, eutrophication, sedimentation rate, diatom
analysis, numerical taxonomy, pelotrophy

1. INTRODUCTION

Faunal and fioral remains and inactive substances
deposited on lake bottoms remain in place over
long periods of time and thus reflect the prevail
ing conditions at the time of sedimentation.
Examination of sediment profiles therefore
provides information concenrning the evolution
of the lake and factors affecting it.

The aim of this study was to clarify the pro
cess of eutrophication in modern times in south
Finnish pelotrophic lakes. As a background to
the study a long sediment monolith was taken
covering the whoie independent history of lake
Bodominjärvi. Lake Särkinen, situating further
north and in loamy surroundings, was chosen
as a basis for comparison. In particular, the

2. METHODS

The lakes investigated were lakes Bodominjärvi
(Espoo), Tuusulanjärvi (Tuusula), Ruokojärvi
(Kankaanpää) and Särkinen (Vuokatti) (Fig. 1).
With the exception of Lake Särkinen the lakes
are ali surrounded by clay soils. The lakes are
eutrophic and in need of preservation measures.
A iong profiie was cored from Lake Bodominjär
vi in 1969. Ali corings were carried out from the
main deeps of the lakes.

significance of mineral material and pelotrophy
was discussed.
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cut into sheets of thickness 1 cm. The partial
sampies were stored in Naigene plastic con
tainers. The sampies cored with the Kajak
device had a diameter of only 4 cm. Therefore
two profiles were taken, one for bioiogical and
one, after refrigeration, for physical and chemical
analyses.

Fig. 1. The lakes studied.

2.1 Fieldwork

A monolith of length nearly 5 meters (A) was
cored from the deep of Lake Bodominjärvi in
March 1969 from the ice-bound surface of the
lake using a tripod and a Kullenberg-Winter
halter device (Kukkonen 1973). The short sedi
ment sampies from lakes Bodominjärvi and Sär
kinen were cored with a Kajak-type gravity corer
(Hakala 1971). The sample from Lake Tuusulan
järvi was cored with a piston corer, in which the
motion of the coring pipe is generated hydrauli
cally. The profiles were ca. 20 cm long and were

2.2 Laboratory analyses

The iong profile

The long profile was stored in its plastic cover
for 6 months. The sediment became partiaily
dried and oxidized during preservation. Visual
observations of the ciay sediment were thus ex
cluded. The separation of the partial sampies was
10 cm, sampies being taken from depths of 0—1
cm, 10—11 cm, 20—21 cm, etc.

Poilen analyses were carried out according to
the method of Faegri and Iversen (1964). A total
of 150 species of arboreal pollen were identified.
This number was the basis from which ali per
centages were calculated.

The analyses of diatoms and ioss-on-ignition
were carried out in 1976 from dry sampies. The
diatom preparations were made using a modi
fication of the method of Möider (1943). The
organic part of the sampies was destroyed with
30 % perhydrol for 24 hours at 50°C. The
diatoms were not concentrated by decanting.
The mounting medium was Ciophen-harpix and
the number of diatoms counted was 200. Identi
fications were carried out according to the
methods of Huber-Pestalozzi (1942), Hustedt
(1930a, 1930b, 1959) and Schmidt et al. (1972).
The anaiysis of ioss-on-ignition was carried out
by burning the predried (105°C) sediment in
600°C to constant weight.

The short sampies

Microscopic analyses were carried out as de
scribed by Lundqvist (1927). Organic carbon was
analyzed by dichromate-suiphuric acid burning
(Erkomaa et al. 1977) and the analysis of loss
on-ignition was performed at 600°C. Chlorophyll
a was measured accoring to the method of
Strickland and Parsons (1968) from sediment
samples from the lakes Ruokojärvi and Särkinen.
In a later phase of the work this anaiysis was
carried out using the method described by
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Lorenzen (1967) (lakes Tuusulanjärvi and Bodo
minjärvi). The latter method allows measurement
of both chlorophyll a and pheophytin. The
chlorophyll a unit is not absolute and depends on
the method used. Copper and lead were analyzed
by nitric acid oxidiation under pressure. The
measurement was made using an atomic ab
sorption spectrophometer (Erkomaa et al. 1977).

2.3 Numerical taxonomy

Numerical taxonomy (Sneath and Sokal 1973),
i.e. cluster analyses, is a numerical grouping
method. It was used here to compare the par
ameters of separate sediment depths in order to
clarify the history of lake eutrophication.

The quantitative primary analyses results
were transformed into dichotomous form. The
similarity coefficient was Simple Matching, SM
(Sneath and Sokal 1973, p. 32) and the clus
tering was made using the Single Linkage method
(Lockhart and Liston 1970, p. 52). The results
of grouping were expressed as a phenogram.

3. LAKE BODOMINJARVI

Information

Lake Bodominjärvi is situated in Espoo, north
west of the town of Kauniainen and between
the lakes Pitkäjärvi and Nuuksio. Lake Bodomin
järvi belongs to the river Espoonjoki watercourse
and receives water from the lakes Matalajärvi and
Luukinjärvi, both of which are eutrophic (Wes
terling 1960).

The length of Lake Bodominjärvi is ca. 2.5 km
and its breadth ca. 1.2 km (Fig. 2). The western
and southern shores consist of moraine, while the
eastern and northern shores are bounded by
fields on clay ground. The area of the drainage
basin at the outlet is 28.5 km2, of which rock
and hilly ground with forest account for about
54 %, field 26 % and watercourse 20 % (Himä1äi-
nen 1968).

The volume of influent water is low, and the
residence time of Lake Bodominjärvi is over 2
years. The lake is eutrophic and characterized
by plankton blooms and occasionally anoxic
deeps. As early as 1947 Järnefelt (1956)

classified the lake as chtonioeutrophic with
pelotrophic features.

Fig. 2. Lake Bodominjärvi;
are A and B. Depth in meters.

3.1 The long profile (Bodominjärvi A)
3.11 Analytical data

The pollen analysis (Fig. 3) was carried out
for the dating of the long profile taken in 1969.
The lower part of the pollen curve appears
approximately to cover the Atlantic and Sub
Boreal periods (zones VI—VIIl). The Atlantic
period begins with the rise of in about
6 000 BC (Donner 1971, Fig. 1) and zone VIII
ends at the descent of birch, aider, hazel and eim
pollen.

the sampling stations
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The exact siting of the zone boundary XIII/IX
on the Lake Bodominjärvi pollen curve is diffi
cult to specify. The maximum of Picea at the
sediment depth of 190 cm is particularly clear
and can be dated to about 1 500 BC (Aartolahti
1966, Donner 1972). Due to the small amount
of counted non-arboreal pollen, it is difficult to
discern any »fingerpnnts» of human activities.

The results of the diatom analyses are pre
sented in Figure 4 (Bodominjärvi A). The dis
tribution of 100 % has been divided into aika
liphilic and alkalibiontic diatoms, Tabellaria
fenestrata, indifferent diatoms and acidophilic
and acidobiontic taxa (see Meriläinen 1967).
The eutrophic diatoms decrease from 390 cm
to 130 cm, while the proportion of oligotrophic
diatoms correspondingly increases. The changes
in diatom diversity are slight. The somewhat
higher diversity at 370 cm and 380 cm results
from the presenceof halophilic and halobiontic
diatoms in these deposits.

The upper part of the diagrams, from 120 cm
to the sediment surface, indicate a shift to more

alkaline (eutrophic) states. Tabellaria fenestrata
may also indicate considerable eutrophy. The
Ioss-on-ignition was analyzed from dried sampies
taken in 1969. The results (Fig. 5) are however
obviously reliable, despite the stored age of the
sampies.

The peak of organic matter at the sediment
depth of 390 cm originates from the formation
period of the lake. The same phenomenon can
be seen in Lake Gallträsk (Aihonen 1972, p.
26). The values of loss-on-ignition begin to
increase at a depth of 330 cm and this increase
continues to 270 cm, after which the values
remain approximately constant for some time
before rising to a maximum at a sediment depth
of 120 cm. The curve then siopes gently down
between the depths of 120 and 60 cm and more
steeply between 60 cm and the sediment surface.

The value of loss-on-ignition depends not only
on the content or organic matter. Slashing and
burning of forests increase erosion and the
proportion of mineral material in the sediment.
Tolonen et al. (1975) dated the beginning of
slashing and burning in southern Finland to the
years 700—800 B.C. Increase in the amount of
mineral material near the sediment surface has

Loss-on- igr1.tion
mg/g dry

80 90 10) 110 120 130 11.0

0•
0)

Fig. 5. Loss-on-ignition, Lake Bodominjärvi A.

200
£

240

Alkaliphilic * alkalibiontic

fljJJ Tabellaria fenestrata

Iridifferents

Acidophilic * acidobiontic

Fig. 4. Diatom diagram, Lake Bodominjärvi A. Diatom
diversity = number of species/number of individuals.
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been found at least in the following southem
Finnish lakes: Otalampi (Aihonen and Haavisto
1969), Pyhäjärvi (Kukkonen and Tynni 1970),
Gallträsk (Aihonen 1972), Lohjanjärvi (Kukko
nen 1973), Lojärvi and Lappböleträsk (Tolonen
et al. 1975).

3.12 Dating

Lake Bodominjärvi is situated at a height of
22.8 m above sea level. According to the curves
presented by Eronen (1974), the isolation of
Lake Bodominjärvi occurred at the final phase of
the Litorina sea, ca. 3 000 B.C.

In the sediment profile of Lake Bodominjärvi
the maximum of loss-on-ignition and the mmi
mum of eutrophic diatoms both occur at a depth
of 120 cm. The dramatic fali in loss-on-ignition
from 60 cm to the sediment surface, a sign of
decreasing productivity of the lake, is not ac
companied by corresponding changes in the
diatom fiora. Thus the increase of alkalibiontic
and alkaliphilic diatoms from 120 cm to the
sediment surface may be a resuit of the high
pH of water draining to the lake from slash and
burn agriculture (Tolonen et al. 1975), and of
the movement of nutrients caused by erosion.

A summary of available information con
cerning sedimentation rates in the long profile
of Lake Bodominjärvi is presented in Figure 6.
The beginning of the rapid increase in loss-on
ignition values at the sediment of 60 cm occurs
about in the year 1870. The population of
Finland increased nearly sixfold from 1720 to
1870 AD and agriculture therefore spread
rapidly. The generalization of ditching and the
development of draining techniques took place
in the beginning of the nineteenth century
(Soininen 1974).

3.13 The development of Lake Bodomin
järvi and the effects of climate

Lake Bodominjärvi was eutrophic or mesotrophic
even at its birth. The decrease in the quota of
eutrophic diatoms occurred as the climate
became colder. The climate worsened during
the whole Subboreal (Liljeqvist 1970), a tem
perature minimum occurring at 600—400 B.C;
A warmer period began in ca. 1000—1200 AD,

but by about 1300 climate worsened again. This
situation lasted until the beginning the nine
teenth century. From about 1850 to the nine
teen—fourties the weather became warmer.

The effects of man can be seen from the
sediment depth of 120 cm upwards, corre
sponding partly with the influence of the colder
climate. Immediately after the isolation of the
lake the proportions of eutrophic and olig
gotrophic diatoms are nearly the same as at the
sediment surface. The influence of climate is
also more significant than that of agriculture.

The effects of man appear to be most obvious
in the growing proportion of minerogenic matter,
a sign of field erosion. The loss-on-ignition de
creases in spite of the increasing nutrient level in
the lake water. It is obvious that the rapid
sedimentation rates of Lake Bodominjärvi resuit
only from the high amount of minerogenic
matter, which can mask the increase of al
loctonous organic matter in the sedimenr.

Sedimentation rate rnma1
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3.2 The sample from the sediment
surface (Bodominjärvi B)

3.21 Analysis results

The sediment sample Bodominjärvi B was cored
in August 1976. The length of the profile was
21 cm and sample color was a smooth dark gray.
The results of the diatom analysis are shown in
Figure 7. The curves run rather smoothly to 21—
12 cm, after which the proportion of alkaliphilic,
alkalibiontic, acidophilic and acidobiontic dia
toms diminishes and that of indifferent diatoms
increases towards the surface of the sediment.
In general, the diatom diversity increases sligthly
towards the sediment surface.

The amounts of lead and copper in the sedi
ment of Lake Bodominjärvi are presented in
Figure 7. The amount of lead increases slightly
to the sediment surface, while the copper con
tent increases steeply from 11 cm, with a maxi
mum at 8—5 cm. After this maximum, the

0•
0)
0

amount of copper decreases to the sediment
surface. The high amounts recorded resuit from
the CuSO4-treatment applied during the years
1964—1976.

The developments of loss-on-ignition and
organic carbon values are presented in Figure 8.
The curves increase to 14—13 cm, after which
they level off and in the case of organic carbon
even decrease. A slight increase in organic matter
begins at about 8 cm.

The pigment results from Lake Bodominjärvi
(B) are shown in Figure 8. The amount of
chlorophyll increases from 8 cm to the surface
of the sediment. The same feature also appears
in the pheophytin values. The variation of the
ratio between chlofophyll a and pheophytin
reflects the varying leveis of pheophytin at
21—11 cm. The increase at 2—0 cm probadly
represents the change from chlorophyll to
pheophytin.

Alkotiphilic. alkolibiontic Indifferents

flJEJ Tabeltorio fenestrata Acidophilic.

Fig. 7. Diatom diagram and Pb, Cu in the sediment, Lake Bodominjärvi B. Diatom diversity = number of speciesl
number of individuals.
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Fig. 8. Organic carbon, Ioss-on-ignition, chlorophyll
Bodominjärvi B.

Fig. 9. Phenogram of the analysis results from Lake Bodominjrvi B. sediment depths O—21 cm.

3.22 The evolution of the lake (Bodomin
järvi B)

The phenogram (Sneath and Sokal 1973) from
the analytical data of Lake Bodominjärvi (B) is
presented in Figure 9. k can be seen that there
is a clearly separate group consisting of the
four highest centimeters 1, 2, 3, 4 (0—1 cm,

1—2 cm, 2—3 cm, 3—4 cm). It is possible that
the algisidic copper sulphate hampers the in
terpretation of this phenogram. The proportion
of alkaliphilic and alkalibiontic diatom taxa
decreases from ca. 12 cm to the sediment sur
face, while that of the indifferent diatoms
increases. The acidotrophic and acidobiontic
diatoms also decrease frorn 12—10 cm to the

SM
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sediment surface. Correspondingly the amount of
sedimented copper (Fig. 7) increases from 11—10
cm upwards.

Iskandar and Keeney (1974) studied the
sediments of lakes treated with copper sulphate.
The surface sediments had predictably high
copper contents. The maximal were unified to
a single rounded peak rather than appearing as
sharp discrete peaks. The smooth fali to the
sediment surface remains unexpiained. Lake
Bodominjärvi was treated with copper sulphate
for the first in 1964 (Hämäläinen 1968) and
subsequentiy in the years 1966—1970. In 1967
the treatment was applied twice.

The maximum of copper correiates in ali
probability with the years 1966—1967. The
average sedimentation rate wouid in this case
be ca. 8 mm a1. The decrease in copper content
towards the surface begins at 5 cm, and if this
is assumed to have occurred after 1970 the
corresponding minimum sedimentation rate
is 10 mm a1.

The coordination of the two sampies, Bodo
minjärvi A and B, is difficult. Sampies taken
with the large piston corer often lack the loose
surface layer of the sediment (Dr. Esa Kukkonen,
Geological Survey of Finland, personal com
munication).

4. LAKE TUUSULANJÄRVI
Lake Tuusulanjärvi is situated between the towns
of Järvenpää and Tuusula, southwest of the
centre of Järvenpää. The lake is part of the river
Vantaanjoki watercourse. The area of lake Tuu
sulanjärvi is 6 km2, its maximum breadth is ca.
1.5 km and its length ca. 8.1 km (Fig. 10). The
theoretical residence time is 220 days.

The environs of Lake Tuusulanjärvi are
characterized by dense population and intensive
farming. Fields account for ca. 42 % of the
drainage basin (Järnefelt 1921, Anttila 1967,
Harjula 1971).

4.1 The sample from the sediment
surface

was echosounded with an Atias echograph
(30 kHz). Gas was observed in the sediment
at the northern part of the lake in water depths
in excess of 1.5 m. The presence of gas was
revealed by multiple echos. This observation
was confirmed during coring as dubbles in water
and cavities in sediment sampies. The gas was
odourless and almost certainly carbon dioxide.

The 20 cm sediment profile was taken from
the deep of Lake Tuusulanjärvi in May 1975.

The sediment of Lake Tuusulanjärvi was
clayey and dark but no odour of hydrogen
sulphide was detected.

0 500m1000

Fig. 10. Lake Tuusulanjärvi, the sampling station is T.
Depths in meters.

As a preliminary operation Lake Tuusulanjärvi
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Fig. 11. Diatom diagrani, Lake Tuusulanjärvi T.
Diversity = number of species/number of individuals.

4.11 Analytical data

The diatom data are shown in Figure 11. The
leveis below a depth of 11 cm give an impression
of a stable period. The trend is however perhaps
towards a more acid environment. In the upper
part,11—0 cm, a clear change to eutrophy occurs,
with a peak at 7—4 cm. Alkaliphilic and alkali
biontic diatoms account for 94 % of the total
fiora in these strata. Towards the sediment sur
face their amounts decrease.

The percentage changes in the amounts of
Melosira ambigua and Stephanodiscus hantzschii
are presented in Figure 12. The proportions of
these species are inversely related. According to
Pascher (1930) and Huber-Pestalozzi (1942)
Stephanodiscus hantzschii is a typical diatom of
strongly eutrophic waters, whereas Melosira
ambigua thrives in somewhat more oligotrophic
conditions. In the course of eutrophication the
peak of M. ambigua is followed by a maximum
of S. hantzschij. At the sediment surface M. am

again dominates indicating a recent trend
towards decreasing eutrophy.

The period of accelerated eutrophication
began in Lake Tuusulanjärvi during the years
1956—1957 (Anttila 1967). If the observed
shift in the diatom data at 10 cm reflects the
change described by Anttila, we arrive at a
medium sedimentation rate of 5 mm/year.
According to information obtained from Helsinki
towfl water works (Tapani Vakkuri, personal
communication) a recovering phase occurred in
1972—1973 after the eutrophication peak. The
reason for this was in part the decrease in the
sewage load from Tuusula and Järvenpää. An
aeration experiment carried out in the winter
of 1972—1973 prevented phosphorus mobil
isation from the sediment.

The changes in loss-on-ignition and organic
carbon data in the sediment core at 25 cm are
shown in Figure 13. The quantity of organic
carbon increases at a sediment depth of 13—12
cm. The curve of loss-on-ignition is unstable
and the increase in organic matter slow. There
is a distinct rise in both curves at a sediment
depth of 5 cm, with a preliminary minimum at
7—5 cm. The change in the 5 cm sample was
visually evident.

The chlorophyll data are shown in Figure 13.

Diatom succession %
0 20 40 60 80

Diversity ,,io-2
1000 10 20 3) 40

Alkaliphilic * alkalibjontic

Indifferents

Acidophi(ic * acidobiordic

WHhiI Melosira arnbiguo

Stephanodiscus haritzschii

Other species

Fig. 12. Diatom diagram, Lake Tuusulanjärvi T; The
proportions of Melosira ambigua and Stephanodiscus
hantschii.
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Changes were recorded in chlorophyll a and
pheophytin values. The chlorophylls decompose
in the water phase and in the oxygenated upper
layer of the sediment but not in the deeper leveis
of sediment (Vallentyne 1955). The observed
changes therefore reflect the decrease in absolute
chlorophyll leveis or the increasing proportion
of mineral material or both.

A pigment maximum occurs at 4—3 cm, fol
lowed by a clear fail in chlorophyll a values
The pheophytin curve is unstable.

4.12 The evolution of the lake

The phenogram (Sneath and Sokal, 197 3)obtained
from the analytical data of Lake Tuusulanjärvi
sediments is shown in Figure 14. The phenogram
is dichotomous, with the sediment depth of 9—8
cm mediating between the two peaks. There is
little difference between the similarity leveis.

Differences less than 5 % are not taken into
account.

The clearest picture of the recent evolution
on Lake Tuusulanjärvi is provided by diatom
analysis. The eutrophication process is acceler
ated from the sediment depth of 10—8 cm.
On the basis of observations by Anttila (1967)
we obtain a mean sedimentation rate of 5 mm/a
for the 10—0 cm leveis. Information obtained
from Helsinki town water works (Tapani
Vakkuri, personal communication) concerning
the eutrophication peak in 1970 indicates a
sedimentation rate to the topmost 5 cm sedi
rnentlayer of nearly 10 mm/a. This rapid sedi
mentation rate arises partly from the loose con
sistency of the surface sediment.

There is some correspondence between the
pigment- and loss-on-ignition results, but diatom
analysis gives a rather different picture. k can
however be established that the pigment maxi
mum at 5—3 cm is almost at the same sediment
depth as the Stephanodiscus hantzschii maxi
mum and the ma.ximae of loss-on-ignition and

Fig. 13. Organic carbon, Ioss-on-ignition, chlorophyll a (Lorenzen) and pheophytin (Lorenzen) in sediment, Lake
Tuusulanjärvi T.
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organic carbon.
There is no decrease in the values of organic

carbon and loss-on-ignition in the sediment
depth 3—0 cm corresponding to that in the
pigments. This feature points to the decompo
sition of pigments and the possible effect of
aeration (Daley and Brown 1973). A slight re
covery in the status of Lake Tuusulanjärvi is also
possible, as the proportion of the eutrophic dia
toms decreases at the sediment surface and
Melosira rn.igu and phanodiscus hantzschii
fluctuate, indicating a slight healing of the lake.

5. LAKERUOKOJÄRVI

Lake Ruokojärvi is situated south of the town
of Kankaanpää, in the river Karvianjoki water
course. The area of the lake is nearly 100 ha,
its length is ca. 2.2 km and its breadth is about
0.2 km. The lake is shallow, with a mean depth
of 1.9 m and a maximum of 4.1 m (Fig. 15).

The theoretical residence time is about 170
days. The water fiora is abundant, especially
near the NW-shore and in the shallow Seppä
länlahti bay. Fields account for 30 % of the
drainage basin of Lake Ruokojärvi (Vesihallitus
1974).

Lake Ruokojärvi is a eutrophic lake, charac
terized by high primary production, high summer
biomass levels and oxygen deficiency in winter.
At times during late winter the whole watermass
has been anoxic. The oxygen level is also on
occasion low in summer.

5.1 The sample from the sediment
surface

5.11 Analytical data

The coring was carried out in the late winter
of 1974. The sediment monolith was clayey

0-1 Sample 19-20
cm cm

SM 1 2 8 3 4 5 6 7 9 10 11 18 12 13 15 16 17 19 20 14
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Fig. 14. Phenogram of the results from Lake Tuusulanjärvi T; sediment depths 0—20 cm.

Fig. 15. Lake Ruokojarvi, the sampling station is R.
Depths in meters.
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gyttja containing sulphides and its Iength was
18 cm. The proportion of alkaliphilous and
aikalibiontic diatoms was about 90 % (Fig. 16).
The run of the curve was smooth. The increase
in mean alkalinity continued at least to a sedi
ment depth of 10—9 cm. The possible changes
to more acid conditions occurred at sediment
depths of 6—5 cm and 1—0 cm.

The maximum of the dominating species,
Melosira ambigua, occurred in the sedirnent
depth 7—6 cm. Near the surface the proportion
of Stephanodiscus astraea increased considerably,
to a maximum at a depth of 3—1 cm. Stephano
discus astraea is an alkalibiont, but M. ambigua
also occurs in oligotrophic watercourses (Huber
Pestalozzi 1945).

A very siigth improvement in the status of the
lake at the topmost centimeter appears to be
genuine, as it was indicated by ali the diatom
parameters analyzed.

The variation in the values of loss-on-ignition
and organic carbon in the 25 cm long sediment
core is shown in Figure 17. In the nine-ten

deepest centimeters there is a steady increase
in the amount of organic matter. This increase
is followed by an intermediate phase at 16—7
cm, perhaps due to the increased proportion of
minerogenic matter. Visual observations in
dicated that the sediment was less clayey above
7 cm, and this was also confirmed by the loss-on
ignition curve.

The chlorophyll analyses were carried out ac
cording to the method of Lorenzen (1967).
The sediment profile was 25 cm long (Fig. 17).
The chlorophyll curve resembled the cor
responding curve of organic carbon, and in
creased steeply from a sediment depth of about
5 cm to the surface. It is possible that chloro
phyll decompisition occurs mainly in the top
most 5 cm of the sediment. Influencing factors
include oxygen and iight (Daley and Brown
1973).

5.12 The evolution of the lake

Figure 18 is a phenogram of the similarities
between the sampies 1 (0—1 cm) to 18 (17—18
cm) (Sneath and Sokal 1973). The sampies
1—7 (0—7 cm) are clearly distinct, indicating
accelerated evolution of the lake due to human
activities.

6. LAKE SÄRKINEN

Lake Särkinen is situated in the parish of Sotka
mo, southeast of the Vuokatti viliage. ks length
is ca. 2 300 m and breadth 700 m (Fig. 19). The
residence time is about 2 years.

The surroundings of the lake are mainly
pine forest and the soil is composed of sand and
siit. The drainage basin is 3.8 km2, of which
about 8 % is cultivated. In the immediate vicinity
of Lake Särkinen are situated the Vuokatti
institute of athletics and a holiday centre of the
state railways.

Lake Särkinen is a eutrophic lake charac
terized by waterblooms and anoxia of the deep
water in winter. According to information ob
tained from the Kainuu water distric office
(S-L. Markkanen, personal communication), the
first ciear signs of eutrophy appeared after the
middle the nineteen-sixties.
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Fig. 16. Diatom diagram, Lake Ruokojärvi R.Diversity
= number of species/number of individauls.
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Fig. 17. Organic carbon, loss-on-ignition and chlorophyll a (Strickland and Parsons 1952) in sediment, Lake Ruo
kojärvi R.
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Fig. 18. Phenogram of the results of Lake Ruokojärvi R; sediment depths 0—18 cm.
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Fig. 19. Lake Särkinen; the sampling station is S.
Depths in meters.

6.1 The sample from the sediment
surface

6.11 Analytical data

The sediment sample from Lake Särkinen was
taken in 1974. The profile was greenish brown
in colour and visually homogenous.

The evolution of the diatom fiora is shown
in Figure 20. The proportions of alkaliphilic and
alkalibiontic taxa vary. This resuit may partly be
due to the high diatom diversity and the limited
number (100) of diatom fossiis counted. The
evolution of the lake neverthless appears to pro
ceed towards more eutrophic conditions.

The proportion of Tabellaria fenestrata may
indicate an increasing but moderate eu
trophication in a pelotrophic lake. The clear rise
of T. fenestrata begins at a sediment depth of
about 5 cm and continues to 3—2 cm. In the
two top centimeters the proportion of diatoms
reflecting stronger eutrophication, e.g. Asterio
nella formosa and Fragilaria crotonensis. in
creases tö 79 %.

It is difficult to pinpoint the exact time of the
beginning of severe eutrophication, but the sedi
ment depth of 5 cm may be the nearest estimate.
If the year ca. 1965 does in fact represent the
start of more severe eutrophication we arrive at
an aproximate sedimentation rate of about 5
mm/a for the topmost 5 cm.

The results of loss-on-ignition and organic
carbon analyses are shown in Figure 21. The
increase in the proportion of organic matter con
tinues to ca. 20 cm, after which the values are
almost constant to 12—11 cm. Thereafter occurs
a steep decrease, to a minimum at a sediment
depth of 6—5 cm. After this follows a rapid
increase in organic matter to the sediment sur
face.

The decrease of 20 % to 6—5 cm can only
resuit from the increased proportion of min
erogenic matter. If it is assumed that the pro
portion of organic matter was constant, the
increase in minerogenic matter must have been
at Ieast threefold and correspondingly that of
the sedimentation rate nearly twofold. The
causes of the increase in the proportion of
minerogenic matter could be the construction
of the Nurmes-Sotkamo railway and of the road
from Vuokatti to Valtimo during the years
1924—1928. Later, erosion has been increased
by the construction of the Vuokatti institute of
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Fig. 20. Diatom diagram, Lake Särkinen S. Diversity
= number of species/number of individuals.
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athletics in the years 1945 and 1972 of the
holiday centre of the state railways in the years
1952, 1956 and 1959. Even in 1974 there was
less organic matter in the surface of the sediment
than in the sediment depth of 12—11 cm. It is
apparent that the erosion is continuing. The
effects of people using paths by the lake, and of
the steep shores, promote the movements of sand
and siit.

The results of chlorophyll analyses carried out
according to the method of Strickland and Par
sons (1972) are shown in the Figure 21.

6.12 The evolution of the lake

Figure 22 is a phenogram (Sneath and Sokal
1973) of the analyses results of Lake Särkinen
sediments. In the phenogram, three groups are

discernable: the 1, 2, 3 and 4 cm layers indicate
rapid eutrophication 5, 6 and 7, 8, 9 cm indicate
erosion, and 10—19 cm show slow eu
trophication. The effects of man are of two
kinds, namely eutrophication and erosion effects.

If the amounts of organic matter and chlo
rophyll are compared, it is noticed that the
chlorophyll curve is very stabile to about 3 cm,
after which a very clear increase occurs at the
top level. There are two possible explanations for
this observation: The organic matter may include
a large proportion of alloctonous material or the
powerful increase in primary production almost
masks the influence of minerogenic matter. The
former alternative is more probable. The pro
portion of organic matter in the sediment at a
depth of 14—11 cm is nearly 40 % (loss-on
ignition mg/g).

Using the information given above, it is
possible to calculate the approximate sedi

Fig. 21. Organic carbon, loss-on-ignition and chlorophyll a in sediment, Lake Särkinen 5.
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mentation rate. From the railway and road
works in late 1920’s we arrive at a mean value
of 2 mm a’ from ca. 11 cm to the sediment
surface. From the accelerating sedimentation
in the years ca. 1965 at the sediment depth of
5 cm we reach a sedimentation rate of 5 mm a1.
From the estimate that the sedimentation rate
should be doubled between the layers 12 cm—
5 cm, we obtain inversely a maximum estimate
for the sedimentation rate at the beginning of
the twentieth century less than 0.7 mm a’.

7. DISCUSSION
7.1 Comparison of the studied lakes

The phenogram of lakes Bodominjärvi and Tuu
sulanjärvi can be divided into two parts, while
vigorous changes take place in the topmost 7 cm
of Lake Ruokojärvi and the phenogram of Lake
Särkinen is clearly in three parts. The quantities
and evolution of the organic carbon and loss-on
ignition in lakes Bodominjärvi and Tuusulanjärvi
are similar. However, in Lake Tuusulanjärvi the
proportion or organic matter increases more
steeply. This lake is heavily Ioaded with sewage,
but in Lake Bodominjärvi a diffuse load is
prevalent (M. Hämäläinen, Espoo town water
works, personal communication). In both lakes
the proportion of minerogenic matter in the
sediment is high, about 90 % (900 mg/g dry
sediment). This can mask changes in the organic
matter.

The difference between maximum and mmi
mum ignition losses as a percentage of the mmi
mum is in Lake Bodominjärvi about 40 % and in
Lake Tuusulanjärvi about 50 %.

The diatom analysis usually gives relevant
information, but the species composition of
Lake Bodominjärvi at the top of the sediment
shows obvious deviation, possibly due to the
copper sulphate treatments.

In the analyses results of the Lake Ruoko
järvi sediments a regular and clear increase in
loss-on-ignition is discernable when approaching
the sediment surface. The increase is about 60 %,
which is slightly higher than in lakes Bodomin
järvi and Tuusulanjärvi.

The residence time of Lake Bodominjärvi is
rather long, about 2 years, and the field per
centage in the drainage basin somewhat Iower
compared with Lake Ruokojärvi. It is possible
that the slow turnover of the water is in this
case the factor causing increased nutrient leveis
in the sediment of Lake Bodominjärvi. The load
to this lake is nearly tot11y diffuse.

The evolution of Lake Ruokojärvi is regular,
as indicated by the diatoms analyses. The pro
portion of alkaliphilic and alkalibiontic diatoms
in the topmost 10 cm of sediment is very high,
in some sampies over 90 %, which is almost the
same as in Lake Tuusulanjärvi temporarily at a
sediment depth of 6 cm. The diatom diversity
is on average Iower than in Lake Tuusulanjärvi
and the more eutrophic status of Lake Ruokojär
vi is also reflected by the minute portion of
indifferent diatoms.

As was indicated in the preceding text, the
field percentages and, correspondingly, the
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Fig. 22. Phenogram of the results in Lake Särkinen S; sediment depths 0—19 cm.
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suspended solids loads are of the same class of
magnitude in the different lakes.

The volume of Lake Tuusulanjärvi, 18.6 x
_o6 m3 (Harjula 1971) is ten times greater
than the 1.8 x io6 m3 of Lake Ruokojärvi (Vesi
hallitus, Ruokojärven kunnostussuunnitelma
1974).

The residence times are of about the same
magnitude in both lakes, so that the water
volume entering Lake Tuusulanjärvi is about 10
times greater than that entering Lake Ruokojärvi.
On the basis of information provided by Ojanen
and Kenttämies (1977), it can be calculated that
the phosphorus load to Lake Tuusulanjärvi is
about threefold that to Lake Ruokojärvi. The
dilution in Lake Tuusulanjärvi, as a consequence
of the larger water volume is about 10 times
greater, so that the phosphorus concentrations
in Lake Ruokojärvi are about three times greater.

Lake Särkinen at Vuokatti is perhaps not a
vety suitable lake for comparison in the present
study. It is situated further north than the other
lakes and the surrounding soil is chiefly sand and
siit. There are not many fields in the drainage
basin of Lake Särkinen and the significance of
sewage waters is therefore comparatively high.
Anomalies due to unknown factors are evident.
The possibility of comparison concerns primarily
the earlier virgin state of the lake. There exist
differences between the lakes Särkinen and
Bodominjärvi in the fossil diatom fiora. Lake
Särkinen is primarily an oligotrophic lake, while
Lake Bodominjärvi (A) has been eutrophic since
its birth and even during cold climatic periods.
Clay or its absence is perhaps a factor which
governs the trophic status of lake in its natural
state.

7.2 Factors affecting the interpretation
and value of the parameters

The diatom analysis gives a somewhat different
picture of the eutrophication of a lake than do
the organic carbon and chlorophyll a contents.
The erosion and the resulting growth of the
proportion of minerogenic matter can sig
nificatly influence the proportions of carbon and
pigments (Markereth 1966). Thus events in the
drainage basin of a lake may be reflected in
changes in the ratio of minerogenic to organic
matter (see analysis results for Lake Särkinen).

The highest level of aerobic heterotrophic
bacteria was recorded in the topmost centimeter

of sediment in Lake Balaton (Olah 1973). The
decomposition of organic matter continues in the
surface layers of sediment and carbon dioxide
is produced (Rich 1975). The increase in organic
matter in the uppermost ca. 5 cm of sediment
possibly reflects the mineralization of the organic
compounds in the sediment.

The values of chlorophyll a often increase

vety steeply near the surface of the sediment.
Factors increasing the decomposition of pig
menst include microbes, oxygen and light (Daley
and Brown 1973).

Diatom analysis is the most useful parameter
for elucidation of the evolution of a lake, but in
order to arrive at a more complete picture some
other parameters, depending on the amount of
mineral matter, are also useful.

The loss-on-ignition and the organic carbon
analyses are mutually correlated. The contem
poraneous use of these parameters, however,
lends more certainty to the interpretatlon of
minor changes.

7.3 Clay and pelotrophy

In southern Finland, lakes are often situated
in clay soils and are pelotrophic, shallow and
eutrophic. The water of a pelotrophic lake is
rich in electrolytes. The finegrained suspended
minerogenic matter has a large surface, on to
which microbes can adhere. Pelotrophy thus
increases microbial populations, and the intensity
of the decomposition of organic matter (Jan
nasch and Pritchard 1972). These clayey waters
have never been oligotrophic.

The small clay particles in pelotrophic waters
take up nutrients on their surfaces. The fixation
of phosphate to clay particles is perhaps not an
jon exchange reaction (Edzwald et al. 1976). The
effective factors are possibly the mineralogic
composition of the clay and the concentration
of free mctals.

A quartz suspension with particle size similar
to that of clay cannot adsorb phosphorus from
water. lf the binding of phosphorus occurs
adsorptively it is obvious that the phosphorus
fixed by a particle in the water phase is directly
or perhaps as a function of microbial activity,
available to planktonic organisms.

Pelotrophic lakes, surrounded by clay fields
are usually shallow and poorly stratified (Järne
felt 1956). Wind delays sedimentation and causes
erosion and redeposition (Davis 1973). The
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mineralisation of the organic content is therefore
enhanced. According to Berg (1970), merely agi
tation of the sediment can increase the oxygen
demand tenfold.

8. SUMMARY

The purpose of this study was to clarify the
eutrophication of pelotrophic lakes in southern
Finland. Sediment sampies were taken from
three sewage-loaded lakes situated in claysoil
areas: lakes Bodominjärvi (Espoo), Tuusulan
järvi (Tuusula, Järvenpää) and Ruokojärvi
(Kankaanpää).

A long sediment profile containing the whole
history of the independent lake was available
for Lake Bodominjärvi. Further, a short profile
from Lake Särkinen (Vuokatti), a kettle lake
in the Kainuu province, was also available.

The parameters analysed from the long Lake
Bodominjärvi profile (A) were pollen, diatom
composition and loss-on-ignition. According to
the results of the diatom analysis the trophic
status of the lake has been almost constant
throughout its history. Lake Bodominjärvi
was already mesotrophic at its formation. The
worsening of the climate, when the Atlantic
period retired, caused a clear decrease in the
alkalinity of the water.

The decrease in the loss-on-ignition and
increase in alkaliphilic and alkalibiontic diatoms
from the level of 120 cm to the sediment surface
could have arisen from slashing and burning
forestry carried out after ca. 700—800 B.C.

The impact of man becomes discernable in
the growing proportion of minerogenic matter,
reflecting increased erosion. This is in apparent
contradiction to the diatoms, which indicate
growing eutrophication. The erosion and the
amount of minerogenic matter greatly affect
the relative proportion of organic carbon.

In the short sediment sample from Lake
Bodominjärvi (B), it can be seen that the increase
in copper content and the exceptional changes
in diatom fiora occur in the same sediment
strata. The alkaliphiic and alkalibiontic diatom
taxa decrease and the diversity and the pro
portion of indifferent taxa increase. The sedi
mentation rate in the topmost 8 cm is almost
1 cm/year.

The sedimentation rate in Lake Tuusulanjärvi

is very similar to that in Lake Bodominjärvi.
The diatom diagram indicates a slight healing
of the lake.

Lake Ruokojärvi is strongly eutrophic, even
more markedly than Lake Tuusulanjärvi on the
basis of diatom analyses. This observation sup
ports calculations which show that the dilution
rate is greater in Lake Tuusulanjärvi and that the
phosphorus concentration is clearly higher in
Lake Ruokojärvi.

Lake Särkinen is eutrophic lake loaded by the
Vuokatti institute of athle ties and by the holiday
centre of the state railways. With the aid of
indications appearing in the sediment of erosion
caused by the construction of the Nurmes-Sot
kamo railway and of the road from Vuokatti to
Valtimo, a sedimentation rate lower than 0.5
mmlyear is obtained for the early nineteen
hundreds. At the sediment depth of 11—5 cm a
sedimentation rate of 1.5 mm a4 for the
nineteen-twenties is indicated. The signs of
growing erosion from ca. 1965 indicate that the
mean sedimentation rate in the top 5 cm has
been about 5 mm a1. The clearly more oli
gotrophic character of Lake Särkinen and its
rather high sensitivity to the eutrophying effect
of the domestic sewage load can easily be dis
cerned in comparison with Lake Bodominjärvi
(A).

Suspended clay improves the growth en
vironment of microbes and thus increases the
rate of mineralization of organic matter. The
significance of clay particles in promoting the
movement of phosphus is an important but
Iittle-knwon phenomenon.

Pelotrophic lakes situated in clay soil are
usually shallow and their water is poorly strati
fied. The effect of wind in slowing the sedi
mentation of fine particles and pronloting
resuspension is considerable. Pelotrophic lakes
are even in their natural state considerably
eutrophic and can absorb nutrient loads rather
well.
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LOPPUTIIVISTELMA

Olavi Sandman

Etelä-Suomen savisamenteisten järvien rehevöi
tymisen kulun selvittämiseksi otettiin pohja
kerrostumanäytteitä neljästä saviseudulla si
jaitsevasta asumisjätevesien kuormittamasta jär
vestä: Bodominjärvestä (Espoo), Tuusulanjär
vestä (Tuusula) ja Ruokojärvestä (Kankaanpää).
Bodominjärvestä oli käytettävissä myöskin itse
näisen järven koko historian sisältävä profiili.
Lisäksi otettiin näytteitä Vuokatin Särkisestä,
joka on harjukuoppaan syntynyt kainuulainen
järvi.

Bodominjärvestä otetusta pitkästä sediment
tinäytteestä (A) tehtiin siitepölyanalyysi, piilevä
analyysi ja polttoanalyysi.

Hehkutushäviöarvojen laskun ja veden emäksi
syyttä indikoivien piilevälajien osuuden nousun
alku 120 cm sedimenttisyvyydestä pintaa koh
den voidaan tulkita kaskeamisesta johtuvaksi ja
ajoittaa noin vuosiin 700—800 j.Kr. Piileväana
lyysin tulosten perusteella havaitaan järven tro
fiatason pysyneen suhteellisen muuttumattoma
na koko näyteprofiilin käsittämän ajanjakson.
Bodominjärvi oli jo syntyessään varsin runsas
ravinteinen, mesotrofinen. Ilmasto-olosuhteiden
huononeminen lämpökauden väistyessä aiheutti
veden emäksisyyden selvästi havaittavan vähene
misen. Kaskeaminen puolestaan käänsi järven ke
hityksen jälleen emäksisempään suuntaan. Ihmi
sen vaikutus näkyy selvästi mineraaliaineksen
osuuden, so. eroosion kasvuna, mikä on näen
näisessä ristiriidassa piilevien indikoiman veden
ravinnepitoisuuden nousun kanssa. Kasvavan
eroosion ja mineraaliaineksen määrän vaikutus
suurelta osalta autoktonisen orgaanisen hiilen
suh teelliseen määrään sedimentissä on merkit
tava.

Bodominjärvestä otetusta lyhyestä kerros
tumanäytteestä (B) havaittiin sedimentin pintaa
kohti nousevien kuparipitoisuuksien ja piileväs
tössä tapahtuneiden poikkeavien muutosten yh
täaikaisuus. Tapahtuneeseen alkalifiilisten ja aika
libionttisten piilevälajien osuuden laskuun liittyy

diversiteetin ja indifferenttien lajien osuuden
nousu. Kerrostumisnopeus ylimmän 8 cm
alueella on vajaa 1 cm vuodessa.

Tuusulanjärven ylimmän 9 cm kerrostumis
nopeus on samaa suuruusluokkaa kuin Bodomin
järvessä. Piilevädiagrammi indikoi järven tilan
lievää paranemista kuormituksen vähenemisen
ja ilmastamisen vaikutuksesta.

Ruokojärvi todettiin voimakkaasti rehevöity
neeksi. Veden korkeaa emäksisyyttä heijasta
vien lajien prosenttiosuuden ja orgaanisen ainek
sen osuuden minimit sijaitsevat likimain samassa
sedimenttisyvyydessä. Ylimmän senttimetrin
alueella on havaittavissa piilevästön mukaan jär
ven tilan lievä paraneminen.

Piileväanalyysin tulosten perusteella Ruoko
järvi on voimakkaammin rehevöitynyt kuin
Tuusulanjärvi. Havaintoa tukee laskelma, jonka
mukaan laimeneminen on Tuusulanjärvessä suu
rempien vesimäärien takia voimakkaampaa ja
fosforimäärät Ruokojärvessä tilavuusyksikköä
kohden selvästi suurempia.

Särkinen on Vuokatin urheiluopiston ja val
tion rautateiden retkeilykeskuksen kuormittama
rehevöitynyt järvi. Rautatien ja maantien raken
tamisen sedimenttiin jättämiä jälkiä apuna käyt
täen saadaan 1900-luvun alun vuotuiseksi ker
rostumisnopeudeksi alle 0,7 mm ja välille 11—5
cm, so. 1920-luvulta lähtien vastaavasti 1,5 mm.
Noin vuonna 1965 nopeutuneen rehevöitymisen
jälkiä kiinnekohtana käyttäen saadaan ylimmän
5 cm:n alueen keskimääräiseksi sedimentoitumis
nopeudeksi 5 mm vuodessa. Vertailussa Bodo
minjärvestä otettuun pitkään profiiliin (A), voi
daan todeta järven selvästi karumpi perusluonne
ja toisaalta herkkyys asumajätevesien rehevöittä
välle vaikutukselle.

Numeerista taksonomiaa (cluster analysis)
käytettiin tutkimuksessa eutrofoitumista heij as
tavien parametrien muutosten havainnollistami
seen.

Liettyneellä saveksella on merkitystä mikro
bien elinmahdollisuuksia parantavana ja tämän
seurauksena orgaanisen aineksen mineralisoitu
mista lisäävänä tekijänä. Fosforin sorptio savi
hiukkasiin on ilmeisen tärkeä, mutta suhteelli
sen vähän selvitetty ilmiö.

Savitasankojen ympäröimät pelotrofiset järvet
ovat yleensä matalia ja niiden vesimassa heikosti
kerrostunut. Tuulen vaikutus hienon aineksen
kerrostumista hidastavana ja uudelleen suspen
sioon saattavana tekijänä on ilmeinen. Savisamen
teisten järvien perustyyppi on runsasravinteinen
ja niiden ravinnekuormituksen »sieto» on suhteel
lisen hyvä.
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