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Palaeolimnological results for the small eutrophicated lake Iidesjarvi
in the town of Tampere (S. Finland) show that it has been limnologi-
cally more or less productive since its isolation from the Ancylus
Lake of the Baltic Sea. Successive radiocarbon datings from the
lithostratigraphy have shown that the annual sedimentation rate for
an eutrophic lake was 0.755 mm/yr. Long-term changes reflected
in the pollen stratigraphy represent known phases of regional
vegetational history in the catchment area of Lake Iidesjarvi. In
addition, signs of early land use can be detected in the pollen data.
Increased human activity, viz. settlement and the growth of industry
in Tampere, have caused sulphide-banded clay-gyttja to form in the
topmost lithostratigraphy, thereby indicating oxygen deficits in the
hypolimnion of Iidesjarvi during thermal stratification. The cultural
eutrophication of the lake has probably been taking place since the
beginning of this century, especially since the 1950s.
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Palaeontology, University of Helsinki, Snellmaninkatu 5,

SF-00170 Helsinki 17, Finland.

Introduction

Environmental changes in and the limno-
logical history of a lake can be traced in the
stratigraphy of its bottom sediments. This
is especially important and useful in eutro-
phicated and polluted lakes, because the
developmental stages of cultural eutrophica-
tion as a long-term phenomenon can be
demonstrated on a litho-, bio- and chemostra-
tigraphical basis (see Alhonen 1979).

The main purpose of this paper is to
obtain palaeolimnological information on the
effects of the industrial town of Tampere on
the small heavily eutrophicated Lake Iides-
jarvi and to compare this with its natural

development before the pollution stage. In
the first part of this study special attention
is paid to radiocarbon chronology for the
knowledge it gives us of sedimentation rates
and vegetational history in the surroundings
of Lake Iidesjarvi. Changes in diatom
stratigraphy have been used to show the
isolation of the lake from the Baltic Sea and
the limnological development of its lake type.

It should be stressed that the natural
economy of a lake depends greatly on the
nutrient content of the geological deposits in
its environment. Therefore they must al-
ways be considered as an important environ-
mental factor providing a more accurate
interpretation of palaeolimnological evidence.
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Fig. 1. Map showing the location of Lake Iides-

jErvi.

The lake and its environment

Geology

The Precambrian environment of Lake
Tidesjarvi (61°29’ N and 23°50’ E) in the region
of the city of Tampere is characterized mainly
by mica gneiss.
occur on its southern shore and peridotite is
also found nearby (Matisto 1977).

Clay and silt predominate as superficial
deposits around the lake, but peat deposits
also occur at its eastern end (Virkkala 1962).
The geological development of the area dur-
ing the Holocene Epoch was associated with
the history of the Baltic Sea immediately
after deglaciation. Its oldest stage in the
Tampere region was the Yoldia phase, the
highest level of which varies between 160
and 175 m. The altitude corresponding to
the highest limit of the Ancylus Lake is
nowadays 100—110 m above sea level. The
marine Litorina stage did not reach the imme-
diate environment of Lake Iidesjarvi (Virk-
kala 1962).

Basic tuffite and amphibolite

The most important palaeohydrological
event in the Tampere region has no doubt
been the development of Lake Nisijarvi and
its influence on the history of Lake Pyhi-
jérvi and possibly also on Lake Iidesjirvi.
According to the morphological study by Tol-
vanen (1924), Lake Nasijarvi discharged after
isolation from the Ancylus Lake into the Gulf
of Bothnia through the river Lapuanjoki. As
a result of land tilting, transgression took
place throughout the whole basin. Finally,
the rising waters broke a new outlet channel
through the Tampere (Pyynikki) esker at the
southern end of the lake, thereby producing
the Tammerkoski rapids. According to Virk-
kala (1949 and 1962; see also Saarnisto 1971),
this happened in the third millenium B.C.,
but no reliable radiocarbon datings of the
change of channel exist. As Lake Nisijarvi
discharged southwards through Tammerkos-
ki, a transgression of about two metres took
place in Lake Pyhédjarvi (Virkkala 1949). This
rise in the water level may have been felt
in Lake Iidesjdrvi as well.

Limnology

Lake Iidesjarvi (altitude 77.1 m) in the town
of Tampere (Fig. 1), is a morphologically
longish basin lying in a westeasterly direc-
It is 2000 m long and 800 m wide at its
widest. The lake is part of the water course
of the river Kokemdaenjoki. It receives addi-
tional waters from Lake Kaukajédrvi through
Vuohenoja and it flows through Viinikanoja
into Lake Pyhéjarvi. Settlements and culti-
vated fields abound in the catchment area of
Lake Iidesjarvi. The lake covers 60 ha; its
greatest depth is 4 m, the average depth
being about 1.2 m.

tion.

The Secchi disk transparency in Lake Iides-
jarvi is low, varying according to different
observations from 0.2 to 0.5 m. The colour
of the water is brown (about 100 Pt mg/l)
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Fig. 2.

and, especially in summer, the water is
muddy because of high primary production;
pH values are therefore also high. In the
early 1970’s the pH was near 10!, and the
amounts of phosphorus and nitrogen conspic-
uously higher than in Finnish lakes normally.
For example during the winter of 1972, the
phosphorus content was 1.4 mg/l, nitrogen
1.3—1.6 mg/l and chloride 28 mg/l. Con-
ductivity values have varied between 130 and
160 «S in the summer and between 250 and
280 uS in the winter (see Toivonen and Ranta
1976).

Lake Iidesjarvi is a typical example of
cultural eutrophication, connected herewith
the settlement and industrial history of the
town of Tampere. Oxygen deficiencies are
common because of the high nutrient level
resulting from sewage. This is reflected in
the composition of the plankton (Jéarnefelt

1956; see also Ilmavirta 1980) and of the

3

Air photograph 77156:93 (212311) of Lake Iidesjdrvi showing the sampling
with permission of the General Survey Office).

site (published

macrophyte flora (Toivonen and Ranta 1976;
see also Toivonen 1980). The predominant
species are Phragmites australis, Equisetum
fluviatile, Schoenoplectus lacustris and
Nuphar lutea, which form extensive stands

in the lake (Toivonen and Ranta 1976).

Field and laboratory methods
Coring

The samples for radiocarbon dating and
stratigraphical analyses were taken in the
winter of 1979 from the deepest point of the
lake, where the water reaches 4 m with a
Livingstone piston sampler fitted with 2 m
long core tubes whose internal diameter was
5.4 cm (see Fig. 2). The main core in three
successive tubes intersecting the total thick-
ness of lake gyttja down to the clay bottom
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was transported directly to the laboratory.
The samples were taken from the core tubes
by sawing them open lengthwise. Imme-
diately after this procedure visual observa-
tions were made on the bottom sediments.

Pollen analysis

Pollen slides were made in the usual way
(see e.g. Alhonen 1967, pp. 5—6), and 150—
200 tree pollen grains were counted from
each preparation. In the diagram the pollen
were grouped into trees, shrubs, dwarf
shrubs, herbs and cryptogams. The pollen
analysis is not intended to show early land
use in detail, but only to give a general
impression of the vegetational succession in
the environment of the lake.

Diatoms

Organic matter was removed from the
diatom samples by keeping the material in
an oven in a 30 % solution of hydrogen
peroxide for 24 hours at 50°C. Mineral
matter was then eliminated by repeated
suspending and decanting. Slides
prepared using Caedax (index of refraction
1.54) as a mounting medium. From 200 to
250 diatom taxa were identified and used as
a basic sum. The mutual proportions of the

were

diatom species selected are given as per-
centages in the diagram (Fig. 6).

The results

Lithostratigraphy

The lithostratigraphy of the main core is
as follows (Fig. 3):

0— 42 cm Pale grey clay-gyttja with
sulphide bands and spots

10
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120
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160
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200 —
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260
0

PALE GREY CLAY-GYTTJA
WITH SULPHIDE BANDS AND
SPOTS

BROWN, COMPACT
FINE DETRITUS GYTTJA

300 222 PALE GREY GYTTJA LAYER

320

DARK BROWN, COMPACT
M - FINE DETRITUS GYTTJA

360 AN GREY CLAY-GYTTJA
380 BANDED SULPHIDE CLAY

400
cm

Fig. 3. Lithostratigraphy of the investigated pro-
file.

42—300 cm Brown, compact fine detritus

gyttja

300—308 cm Pale grey gyttja layer

308—357 cm Dark brown, compact fine
detritus gyttja

357—360 cm Grey clay-gyttja

360— Banded sulphide clay; thick-

ness not measured

The sediment symbols given in the lithos-
tratigraphical column were also used in other
figures.
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Fig. 4. Plot of the radiocarbon dates against
sediment depth (lithostratigraphical symbols
shown in Fig. 3).

Radiocarbon dates

The ten 8 to 10-cm-long segments of sedi-
ment samples obtained from the main core
were dated at the Radiocarbon Dating
Laboratory, University of Helsinki. The
in Table 1. They are
conventional uncorrected radiocarbon years
before A.D. 1950 and are based on a 14C half
life of 5568 * 30 years. These age deter-
minations were used to draw a regression
line (Fig. 4), which gave an overall sedi-
mentation rate of 0.755 mm/year. It is not
possible on the basis of the data available
to draw detailed conclusions on the possible
changes in the deposition rate of the sedi-
ments in Lake Iidesjarvi.

results are given

Pollen stratigraphy

The pollen stratigraphy (Fig. 5) of the main
core is divided according to the Flandrian
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Table 1. Radiocarbon dates from an Iidesjiarvi
core based on a 14C half life of 5568 years.

Reference Depth Radiocarbon
number cm years B.P.
Hel—1370 50— 60 2220 + 130
Hel—1371 90—100 2610 £ 130
Hel—1372 120—130 3540 * 140
Hel—1373 150—160 3750 £ 110
Hel—1374 170—180 4110 * 110
Hel—1375 190—200 4040 * 110
Hel—1376 240—250 5180 *+ 100
Hel—1377 300—308 5390 * 140
Hel—1378 320—330 5590 = 90
Hel—1379 350—360 6570 + 140

(Holocene) regional (S.W. Finland) pollen
assemblage zones (see e.g. Donner 1971, pp.
283—284), of which three can be recognized
in the diagram. At the base of the pollen
stratigraphy the upper part of the Pine Zone
is visible in the banded sulphide clay. Its
boundary with the Birch-alder-hazel-elm
Zone occurs near the lithostratigraphical
transition from sulphide clay to clay-gyttja.
The upper limit of this zone can be seen in
the pollen diagram at a depth of 100 c¢cm in
fine detritus gyttja, where the uppermost
Spruce-pine Zone begins. The beginning of
the continuous curve for Tilia (T° in the
lower part of the Birch-alder-hazel-elm Zone
and the rational limit for Picea (P°) in its
upper part can be used as local chronostrati-
graphical levels.

The marked herb occurrence in the Spruce-
pine Zone indicates human activity in the
environment of the lake. Incipient primitive
land use for agricultural purposes is revealed
as the appearance of cereal pollen together
with a general relative increase of NAP in
the uppermost part of the Spruce-pine Zone.

With the aid of the radiocarbon dates
obtained from the samples of the core studied,
the pollen assemblage zones can also be used
as the Flandrian Chronozones (see Mangerud
et al. 1974). Thus the upper part of the pine
zone can be correlated with the Late Boreal
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Chronozone. The boundary between it and
the Atlantic Chronozone is defined at 8000
radiocarbon years B.P. The oldest date from
the lithostratigraphy of Lake Iidesjéarvi is,
however, 6570 * 140 B.P., which corresponds
to the Middle Atlantic Chronozone.

The Atlantic/Subboreal Chronozone bound-
ary is defined at 5000 radiocarbon years B.P.,
and the boundary between the Subboreal and
Subatlantic Choronozones at 2500 B. P. (Man-
gerud et al. 1974, p. 122). This limit corre-
sponds to the Birch-alder-hazel-elm/Spruce-
pine boundary and shows a '4C date of 2610
+ 130 B.P. in the pollen diagram of Fig. 5
(see also Donner 1971 and 1972).

Diatom stratigraphy

The diatom stratigraphy of Lake Iidesjarvi
showing the dominant species only is given
It has been
divided into zones on the basis of the changes

in diagrammatic form in Fig. 6.
in the diatom assemblages. In the basal part
of the lithostratigraphy the flora is charac-
terized by taxa such as Melosira islandica
ssp. helvetica, M. arenaria, Campylodiscus
noricus, C. noricus v. hibernica, Cymatopleu-
ra elliptica, Diploneis mauleri, Gyrosigma
These
species belong to the diatom flora typical of

Ancylus Lake (= Diatom Zone A) sediments.

acuminatum and G. attenuatum.

In the transition from banded sulphide clay
to clay-gyttja there is a distinct change in
diatoms corresponding to the Diatom Zone
boundary A/I 1. This limit locates the isola-
tion stage of Lake Iidesjéarvi from the Ancylus
Lake.
of the Diatom Zone A disappear and are

Here, the typical clear-water forms

replaced by ordinary fresh-water taxa such
as Melosira granulata, M. ambigua and M.
italica, which all predominate in the Diatom
Zone I 1.

In the uppermost part of the diatom strati-
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graphy two zones can be distinguished. The
boundary between I 1 and I 2 is characterized
by a clear decline in the curves of Melosira
ambigua and M. italica. At the same time
the curve of Surirella robusta rises and
Melosira granulata v. angustissima appears
In the Diatom

Zone I 3 Melosira ambigua disappears and

in the diatom stratigraphy.

M. granulate v. angustissima becomes domi-
nant. Some taxa similar to the Diatom Zone
A reappear, but they are most probably of
secondary origin in this part of the lithostrati-
graphy.

The diagram in Fig. 6 shows further that
throughout the whole history of Iidesjérvi the
three dominant diatoms have almost always
been Melosira granulata, M. ambigua and M.
italica. Both M. granulata and M. ambigua
are typical of and common in the plankton
of eutrophic lakes (e.g. Jorgensen 1948, Mol-
der and Tynni 1967, Kilham and Kilham 1975,
Bradbury 1975, 1978, p. 32 and Tolonen et al.

1976). Especially Melosira granulata is the
most characteristic diatom in eutrophic
waters in Europe (Hustedt 1945; see also

Hutchinson 1967, p. 396).
cording to Molder and Tynni (op. cit., p. 208)

In contrast, ac-

Melosira italica predominates in oligotrophic
and dystrophic lakes, although the observa-
tions of Jarnefelt (1952) show that it can be
eutrophic. The recent pollution stage of
Iidesjdarvi is successively characterized by
Melosira granulata, Surirella robusta, Gyro-
sigma acuminatum and Melosira granulata

V. angustissima.

The occurrence of Gyrosigma acuminatum
(20 °/0) is interesting. It is the most common

Gyrosigma species in Finland. Being an
alkaliphilous form (Tynni 1978, p. 5) it to-
gether with the other diatom assemblages
probably indicates the recent development of
pollution in Iidesjarvi. Swurirella robusta is

ecologically pH indifferent (Tynni 1980, p. 26).
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Fig. 6. Percentages of some selected diatom species. For lithostratigraphical symbols see Fig. 3.

Discussion and general conclusions

As shown earlier, diatom stratigraphy
indicates that Iidesjdrvi isolated from the
Ancylus Lake. In the shoreline displacement
of the Baltic Sea in Finland the transition
from the Ancylus Lake to the brackish-
water stage Mastogloia Sea corresponds to the
pollen assemblage zone boundary between the
Pine Zone and the Birch-alder-hazel-elm
Zone (= V/VI zone boundary according to
Sauramo 1958; see also Donner 1951, 1963 and

1971). In the vegetational history of south-
western Finland, the ending of the Ancylus
Lake is associated with the general spread
of alder (Alnus) This has been dated to
about 8000 B.P. (cf. Donner 1971). Although
there is good agreement between the dates,
the oldest “C date of 6570 £ 140 B.P. is too
young for the isolation of Lake Iidesjirvi.
Thus a hiatus exists in the lithostratigraphy.
Sedimentologically, this gap probably indi-
cates an erosion bottom caused by palaeocur-
rents in the basin of Iidesjiarvi. Hydrological
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conditions later changed during the lake
development and organic deposition became
possible in this core facies.

As can be seen from Fig. 4, the sedimenta-
tion rate of eutrophic Iidesjdrvi seems to be
more or less constant. The average annual
rate of 0.755 mm is clearly higher than that
of the small oligotrophic Lake Vakojérvi,
where it is 0.28 mm/yr (Donner 1972, p. 8).

The topmost #C date of 2220 * 130 B.P. in
the lithostratigraphy of Iidesjarvi could be
somewhat too old, as suggested by closer
examination of the regression line in Fig. 4.
In any case, the deposition of sulphide-banded
clay-gyttja corresponds to the settlement and
industrial history of Tampere. Such an error
is often attributed to the presence of older
allochthonous organic material in the sedi-
ments of a lake derived from its catchment
area owing to intensive land use (see Huttu-
nen and Tolonen 1977, M. Tolonen 1978 and
Vuorela 1980).

The thin pale grey gyttja layer (300—
308 cm; see Fig. 3) deserves some comment,
for it may indicate transgression of the lake
Pyhé&jarvi after the formation of the Tammer-
koski rapids. Because these two lakes, Pyhi-
jarvi (77.0 m) and Iidesjarvi (77.1 m), are
situated at practically the same elevation, the
pale grey gyttja layer probably marks the
rise of the water level in Lake Iidesjarvi as
well. The radiocarbon date of 5390 = 140 B.P.
is consistent with the earlier results: viz. that
the Tammerkoski rapids were formed in the
third millenium B.C. (Virkkala 1949 and
1962).

Some conclusions can be drawn about the
vegetational history of the surroundings of
the lake. The long-term changes reflected
in the pollen diagram of Fig. 5 represent
known phases of regional forest history in
the area, covering a time span of some 6570
radiocarbon years. The diagram also shows

the uppermost part of the Pine Zone corre-
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sponding to the Late Boreal period when pine
was still the predominant species in the
forests. It is interesting to note that the 14C
dating for the rational limit of Picea (P°),
about 4000 B.P., agrees well with earlier
datings in the mnearby area (see e.g. Salmi
1962 and Alhonen 1968; see also Donner et al.
1978, Fig. 2). What is more, the 14C date of
2610 £ 130 B.P., which refers to the beginning
of the Subatlantic period, seems to comply
with earlier chronological results (e.g. Alho-
nen 1968).

As seen in Fig. 5, there is a clear indica-
tion of human activity in the catchment area
of Lake Iidesjarvi. Although it has not been
studied in detail, the first Cerealia-type pol-
len grain was found in the sediments of the
lake at a depth of 60 cm. This may show the
beginning of small-scale cultivation, signs of
which increase in the upper part of the
lithostratigraphy.

Early land use, especially slash-and-burn
cultivation, is manifested by the temporary
decline of Picea (see Fig. 5) and certain
changes in the composition of the NAP flora
(see e.g. Vuorela 1976 and Donner et al. 1978).
These changes can be detected in many pollen
diagrams from south-western, southern and
central Finland (Vuorela 1970, 1976, 1978,
Huttunen and Tolonen 1977, Donner et al.
1978, Tolonen et al. 1979 and Huttunen 1980).

Note that the uppermost 4C date of 2220 *
130 B.P. for the beginning of the continuous
curve of Cerealia-type pollen is consistent
with the radiocarbon dating for the slash-
and-burn cultivations around Lovojirvi, a
lake in the commune of Lammi, where the
decline of spruce as a result of forest fires
has been dated to 2370 * 100 B.P. in the peat
stratigraphy of the Untula bog (Huttunen
1980, p. 31). Similarly, the earliest pollen
stratigraphical evidence of agriculture comes
from the Pre-Roman Iron Age (450—350 B.C.)
from southwestern and southern Finland
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from the region of Laitila, Karjaa and Espoo
(Tolonen et al. 1979) and from near Lahti
(Donner et al. 1978, p. 277).

Knowledge of the ecological background of
the diatoms makes it possible to interpret the
palaeolimnological development of Iidesjarvi.
Thus, it is quite clear that this lake has been

more or less productive throughout its
limnological history. Intensive land use and
settlement  development increased the

eutrophication of Lake Iidesjarvi and finally
led to hypolimnetic oxygen deficiency during
thermal stratification. This second stage in
the eutrophication process (see Alhonen 1979,
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