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This study deals with the occurrence and percentual distribution of diatoms in
the Airisto and Paimionlahti regions in southwest Finland. The formation of sedi-
ments in the area has been influenced by land uplift and the resultant phases in
the evolution of the Baltic Sea. These have affected the freshwater and brackish-
water content of the Baltic. Simultaneous with deposition of the sediments, there
has been a change from open water to the present kaleidoscopic character of the
archipelago.

The diatom flora of the sediments proved to be very varied. Freshwater sedi-
ments are characterised by large individual numbers of a few species, Melosira
islandica and Stephanodiscus astraea, while brackish-water sediments have a more
even distribution of many species. The effect of redeposition can be seen clearly
in the diatom flora of the sediments. There was a clear correlation between the
numbers of certain diatoms but, on the whole, the correlations were small if the
large numbers of species are borne in mind. The saltier Mastogloia phase could
be clearly distinguished in many cores. The diagrams show that the species have
considerably multiplied in variety in more recent sediments. Coscinodiscus granii,
Coscinodiscus asteromphalus and Achnanthes taeniata, which predominate in young
sediments, have achieved their present abundance only in the most recent sediments.
This has taken place at the expence of Epithemia species, for example.
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Introduction

The sea areas that lie off Turku have been
widely studied at the University of Turku. Facil-
ities for research improved considerably when the
University’s Archipelago Research Institute was
set up at Seili on the island of Nauvo in 1964.
The most intensive research has been in biology,
geography and geology. The study of diatoms is
connected with all three of these and has conse-

quently taken on the nature of interdisciplinary
research. It is mainly biologists who have studied
the present diatom flora in the region (e.g. Rau-
tiainen and Ravanko 1972; Ravanko and Tynni
1974; Ravanko 1977). Sediment diatoms, on the
other hand, have been the focus of research by
geographers and geologists (e.g. Heino 1973;
Glickert 1976, 1977; Alhonen et al. 1984).
Sediment research has shown that diatoms can
prove as useful tool in distinguishing the sedi-
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ments of the different stages in the development
of the Baltic Sea from each other (e.g. Heino
1973, 1979; Eronen 1974).

This study concentrates on examining the
occurrence of and relationship between different
diatoms found in sediments of different ages in
the study area. Similarities and differences in
occurrence are determined by means of correla-
tion analysis, for example. Since freshwater and
brackish-water species differ considerably from
each other, Ancylus Lake and Litorina Sea
species have been studied separately in the cor-
relation analyses.

The area from which samples were taken is
situated in the southwest of Finland in the vicinity
of the city of Turku (approx. 170 000 inh.). The
study area forms part of the easternmost part of
the archipelago of southwest Finland just off the
mainland. The area is characterised by large
islands with narrow sounds running between
them and the mainland to form a complex
network of narrow and shallow waterways. There
are two largish areas of open water in the study
area — Airisto and Paimionlahti (Fig. 1), from
which the bulk of the samples were taken. Both
these stretches of water are situated in old frac-
ture zones of the bedrock. The depth of water
in them is even more than 100 m, which is
unusual in this area of inner archipelago (Heino
1973). Airisto, in particular, is characterised by
lively maritime traffic since the fairways to Turku
and the port of Naantali north of Turku pass
through it. In Paimionlahti there is no such
traffic by large vessels. Because of isostatic uplift
of the earth’s crust the relationships between land
and sea have been subject to constant change.
The quality of the water has varied between fresh
and brackish. The salt content of the present day
is about 6—7 %o0.

Evolution of the Baltic in southwest Finland

The melting of the ice sheet in Scandinavia was
followed by isostatic uplift of the land in the

areas that had been covered by ice. As the ice
melted, it also caused a global eustatic rise in sea
level. In the Baltic area these two events took
place simultaneously and as a result a situation
was created which was characterised by successive
sea and lake stages dependent on whether the
Baltic was an arm of the Atlantic or not. The
present view of the evolution of the Baltic is the
result of prolonged and diverse work by many
scholars (in Finland Sauramo 1958; Donner 1965;
Alhonen 1979; Eronen 1974; Gliickert 1976; etc.).
In general it is possible to distinguish a series of
phases in the development of the Baltic subse-
quent to the melting of the ice (e.g. Alhonen
1979). The first of these was the Baltic ice lake
phase, when the southernmost edge of the ice
extended as far south as the Salpausselka ridges
until, in about 8213 B.C. there was a rapid drop
in sea level and it became the Yoldia Sea. Because
of the large amount of meltwater the salt content
of this sea was probably very small, at least along
the Finnish coast (Alhonen 1971). The glacier
covering southwest Finland melted during the
Yoldia period between 7900 and 7800 B.C.
(Gliickert 1976). The oldest sediments in the
study area date back to this time. Around the
year 7200 B.C. there was again a transgression
stage, which led to the Ancylus Lake. The sedi-
ments of this large lake formed thick dams on
top of the Yoldia sediments. The transformation
of the Yoldia Sea into the freshwater Ancylus
Lake which followed probably took place gradu-
ally and there is no clear boundary discernible
either by eye or with an echo sounder (Heino
1973) such as the stratum of coarser-grained
material much poorer in its orcanic content that
marks the boundary between Ancylus and Lito-
rina sediments (cf. also Alhonen et al. 1978).

The penetration of salt seawater from the At-
lantic into the Baltic at the end of the Ancylus
period began to raise the salt content of the sea
along the west coast of Finland in about 5400—
5200 B.C. (Gliickert 1976). Somewhat earlier, in
about 6000 B.C. there are signs in the diatom
flora of the Baltic of a small increase in salt con-
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Fig. 1. Study area and location of the cores.

tent. This can be seen mainly in the form of a
change in the composition of the diatom flora
in the littoral zone (Alhonen 1979). This Mas-
togloia phase has been dated to 8070 + 250 B.P.
in southwest Finland (Eronen 1974). Alhonen et
al. (1978) established a date of 7740 + 170 B.C.
for sediments lying immediately above the

boundary. In the case the point in the core from
which the sample was taken explains the differ-
ent dating.

In the early stages of the Litorina phase, which
followed the Ancylus Lake, the sea level in
southwest Finland was 50 m higher than what it
is today (Gliickert 1976). Consequently, in the
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Turku area, for example, only the peaks of the
highest hillocks were visible above the surface of
the water as small skerries and islands. For dia-
toms just as for other Baltic organisms the tran-
sition to brackish water was most significant.
This can be observed in the changes that took
place in the species of diatoms. The boundary
between Ancylus and Litorina sediments is ab-
rupt, and the sediments on both sides of the
boundary differ in type from each other and are
easily recognisable (Heino 1973).

The Litorina Sea phase still continues in the
Baltic. Especially in its most recent stage the
changes in the open sea along the coast of
southwest Finland that have resulted in a laby-
rinth characterised by shallow, narrow straits has
markedly affected conditions in the marine en-
vironment. This has in turn wrought changes in
the diatom flora of the sediments. The process
that has reduced the depth of the sea has also in-
creased bottom and shore erosion, which has
caused the wearing away, transport and redeposi-
tion of old diatom-containing sediments. In many
places near the shore or in narrow sounds the
waves and currents have entirely prevented the
deposition of young sediments. Freshwater dia-
toms are carried to the area by rivers but their
proportion in the diatom flora of the sediments
is small. The degree of land uplift in the area is
now of the order of 0.5 mm/a. Since the ice sheet
melted, the land surface has risen more than
100 m in relation to sea level. This indicates that
uplift has gradually slowed as some 9800—9900
years have elapsed since the melting of the
glaciers that covered southwest Finland (Glickert
1976).

Research materials and analyses

The diatom materials used in this study were
collected over the years 1968, 1969 and 1972.
Cores were taken from 33 different points (Fig.
1) with the aid of a 3 m Kullenberg core sampler
(cf. Heino 1973, 1979).

The cores were divided into 2 cm-long sections
and diatom determinations were made from 461
such sections. The samples were treated with
hydrogen peroxide, after which the portion of the
sample containing diatoms was separated from
the other material by means of decantation. In
order to determine the percentual distribution of
the diatoms 100—500 diatoms were counted in
each sample. A minimum of at least 100 diatoms
was taken from 427 samples, and this constituted
the final material for the study. Each sample was
examined as a whole in order to decide the fre-
quency of occurrence for the entire material.
When the percentages of the different diatom
species were calculated, each species of diatom
found in the sample was given the minimum
value of 1 per cent. This meant the cumulative
quantity of diatoms in almost all the samples
totalled more than 100 per cent.

The total amount of organic material and the
water content in the sediments were determined
by means of the Walkley-Black method (Morgans
1956). The results were then given as a percentage
of dry weight of each sample. Some of these data
and also the diatom diagrams of some of the
materials have been published earlier (Heino
1973, 1979; Alhonen et al. 1984).

Frequency of occurrence and percentual
distribution of diatoms in sediments

After the diatoms had been determined and the
quantities of organic matter calculated, the sam-
ples were divided into two groups (cf. Heino
1973). Of the 461 samples analysed 217 were
classed as Ancylus or older types and 244 as
Litorina types. The sediments of the Mastogloia
phase were classified in general as being of
Ancylus type. It was not an altogether easy task
to determine the boundary in the case of certain
samples from the actual transition zone even
though the boundary between the two groups was
usually quite sharp. Distinguishing Yoldia sedi-
ments from Ancylus sediments proved very dif-
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ficult. The explanation for this lay partly in the
fact that there were few Yoldia sediments in the
material studied. Moreover, the density of dia-
toms in the Yoldia Sea is very small (Ignatius and
Tynni 1978), and the proportion of freshwater
forms, largely the same as those most common
during the Ancylus phase, is considerable (Alho-
nen 1971, Ignatius and Tynni 1978). On the basis
of the above criteria it would appear that the
bottom sections of samples 2/69, 9/69 and 9/72
constituted Yoldia sediments. In these only a few
diatoms were found and among them were not
only large-lake types such as Melosira islandica
spp. helvetica and Stephanodiscus astraea but
also brackish-water species generally regarded as
Yoldia Sea types: Actinocyclus ehrenbergi,
Thalassiosira baltica, Grammatophora oceanica,
Melosira moniliformis and Coscinodiscus lacus-
tris. The quantity of organic matter in these
sediments was 1—2 per cent whereas in Ancylus
sediments it was usually 2—4 per cent. The sam-
ples in question were not included in the statistical
analysis of the diatom flora since the individual
number of diatoms was insufficient for calcula-
tions.

According to the frequency of the diatom spe-
cies in the samples, the most commonly encoun-
tered species proved to be Melosira islandica
(spp. helvetica) and Stephanodiscus astraea,
which were undoubtedly the most abundant in
Ancylus sediments. Furthermore, because of
redeposition they also occur in large quantities
in younger Litorina sediments. Also present in
large numbers were Epithemia turgida + var.
westermanni, the normal occurrence of which
embraces both types of sediments.

Rather small individual numbers but high fre-
quencies were characteristic of Litorina sediment
diatoms. However, there were 28 species exceed-
ing the 1-per cent level in Litorina sediment while
in Ancylus samples there were only 9. The only
diatom with a frequency exceeding 90 per cent
in Ancylus samples was Melosira islandica. In
Litorina sediments, on the other hand, eight
species was present in more han 90 per cent of

6

samples: Melosira islandica, Epithemia turgida,
Diploneis smithii, Grammatophora oceanica,
Coscinodiscus lacustris, Nitzschia punctata,
Synedra tabulata and Melosira moniliformis.
This shows that there is much greater variety of
brackish-water forms than of freshwater-forms.
The diatom flora in Litorina sediments increased
in variety in the upper sections of the samples as
the predominance of Epithemia turgida + var.
westermanni decreased (Figs. 2—5).

More than 90 per cent of all diatoms in this
study consisted of only 40 species having the
proportion of at least 0.5 per cent (Table 1). Just
two of the most abundant species, Melosira
islandica and Stephanodiscus astraea, accounted
for almost a third of individual numbers. This
is explained by the fact that they are clearly the
most abundant species in Ancylus sediments and,
because of resedimentation, are also abundant in
Litorina sediments. More than half of the indi-
vidual numbers were made up of five species:
these were, in addition to the two just mentioned,
Epithemia turgida + var. westermanni, Melosira
italica and Coscinodiscus lacustris.

According to the percentual distribution of the
diatom species in different types of samples, in
Litorina sediments, especially younger ones, no
species clearly predominated. In the oldest Lito-
rina sediments and Mastogloia sediments Epi-
themia turgida + var. westermanni approached
in some cases almost as high figures as those for
Melosira islandica and Stephanodiscus astraea in
Ancylus sediments.

Correlations between frequency of occurrence
of diatoms

Linear correlation coefficients were calculated
for the percentages for the 47 species with the
highest frequency of occurrence. They were cal-
culated both for the entire material used in the
study and for the Litorina and Ancylus samples
separately. The aim of this was to determine how
individual statistical methods intended for use
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Fig. 2. Litho- and biostratigraphy of the core 4/69.

with large bodies of material can be applied to
establishing a similar occurrence of diatoms in
different ecological environments. Nine cores
giving a total of 173 samples were selected so that
there were both Litorina and Ancylus samples in
each 87 of the former and 86 of the latter. This
choice was made because the boundary between

the Ancylus and Litorina phases was the only
clearly discernible change in the sediments stud-
ied, and also because the interesting Mastogloia
phase was probably represented in the cores
selected for this operation. The cores used for the
correlation calculations were 6/68, 4/69, 5/69,
6/69, 8/69, 2/72, 4/72, 5/72 and 6/72 (Fig. 1).



161

The percentual distribution and frequency of occurrence of diatoms in bottom sediments. . .

- —_— P

eullle1shid BIDAUAS =
SiAE iB]eD el o - —— 4
SILIOJIIIUOW BISOIOW —

1GNP BJISOBN

§N211008 SNISIDOIBAH

©BRJISE SNISIPOURYADIS

—_— )
i x
3IpUISI BASOIOW
eLBUAIE BIISOION ’
ueH -
9 i PR ——
ejedioio) ejnoineN = — = 0 —_ _—
suebaja ejndineN 1 wn: o .
eleipeIolBIp BINdiARN = o PR —

ue| eWwauoydwoD

S3PI0IN2IONID BINJIABN %8 ewauoydwon

wnieoniul ewsuoydwod
1097 RIWAYND]

IuuBWIBISaM A epIBNT BIWAYHdT ’ 1

epibun) enwayid3

S elieiojohd - IL

X8108 BIWaYd3
si[eA0qns siagojdiq

RIWOD B[[3}01940

elens0id e|jaqukd
SUISNoe| BjjaquiAd

S11SN9B] SN9SIPOUIDS0D ] 5
> £
D 2
eInuage|d §18U09900 © & 82
< a
Sn|N2IPad $19U0090) N B ) =
ds 50180019BU) —-— w 2« 2
stousyoa > . c I T
Snadlo snosipojAduwed | S &~ | w
BURIUUBWNGOS SIOUOIED . S, - S & _ 1] _ ; _ | 2
©SOWI0) S13UO[ED 2 % 5 9w ! %
wn((19eq stauoied & e T =, ] il T i
eUBEQSIYIWE SIaUOJE) = g H

in fact, small. In

or Litorina samples were omitted from the cor-
relation calculations if the total number of indi-
vidual diatoms in the samples was less than 10.

The correlation between the distribution per-
the case of the samples taken from Litorina sedi-
ments correlation coefficients were calculated for

centages of the diatoms was

3

Fig. 3. Litho- and biostratigraphy of the core 5/69.

Among the most frequently encountered diatoms
which had to be omitted from the calculations
for technical reasons were Cymatopleura solea
Cymatopleura elliptica and Nitzschia tryblionella.
This was because their percentage in all the sam-
ples included in the correlation calculations was
the same, i.e. 1. Diatoms from purely Ancylus
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Fig. 4. Litho- and biostratigraphy of the core 8/69.

samples. In both cases the correlation was found
to obtain principally within a fairly homogenous

group of diatoms (Figs. 6 and 7). It is interest-

38 diatoms altogether, resulting in 703 correlat-

ing pairs, and in the case of Ancylus samples for
24 diatoms, resulting in 276 correlations. A cor-

ing to note that in both types of sediments much
the same diatoms were included in the group —

relation coefficient better than > 0.49 was

achieved for 21 calculations between 17 different
diatoms for the Litorina samples and for 21

Epithemia sorex, Epithemia zebra, Mastogloia

smithii and Rhopalodia gibba. These are species

calculations between 24 diatoms for the Ancylus
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Fig. 5. Litho- and biostratigraphy of the core 6/72.

subjective; it is impossible to establish any ab-
solute border of this kind between good and poor

found in both freshwater and brackish water

habitats; moreover they are also species regarded
as characteristic of the Mastogloia phase. For the

. The coefficient used was clearly
statistically significant in all the calculations
below the 0.1 per cent risk level.

correlation

entire material, there were only 31 coefficients,
between 28 different diatoms, with a value better

The calculation of the linear correlation alone
did not, of course, give the best possible results

than > 0.49 among the 1081 coefficients calcu-

lated. The choice of the used borderline value was
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Table 1. Percentual proportion and frequency of the most
common diatom species (n = 461).

% fr.
Melosira islandica 21.9 94.6
Stephanodiscus astraea 10.8 84.4
Epithemia turgida 6.6 87.6
Melosira italica 5.0 62.0
Epithemia turgida var. westermanni 3.9 83.1
Coscinodiscus lacustris 3.8 52.5
Synedra tabulata 3.5 51.6
Grammatophora oceanica 2.5 52.8
Cocconeis scutellum 1.9 49.5
Achnanthes taeniata 1.8 L2
Tabellaria fenestrata 1. 49.9
Actinocyclus ehrenbergi 1.6 50.1
Thalassiosira baltica 1.6 42.5
Melosira moniliformis 1.5 51.4
Epithemia sorex 1.4 60.1
Rhabdonema arcuatum 1.4 49.0
Rhoicosphaenia curvata 1.4 61.0
Hyalodiscus scoticus 1.3 41.1
Coscinodiscus granii 1.2 18.0
Rhopalodia gibba 1.2 66.4
Epithemia zebra 1.1 63.3
Melosira arenaria 1.1 54.4
Diploneis smithii 1.0 55.7
Rhizosolenia calcar-avis 1.0 34.1
Campylodiscus clypeys var. bicostata 0.9 35.8
Campylodiscus echeneis 0.9 46.0
Cocconeis pediculus 0.9 66.6
Nitzschia punctata 0.9 52.5
Synedra pulchella 0.9 30.2
Cyclotella comta 0.8 27.1
Cymatopleura solea 0.8 31.9
Coscinodiscus asteromphalus 0.7 354
Cyclotella iris 0.6 39.5
Cymatopleura elliptica 0.6 52.9
Diploneis didyma 0.6 45.6
Mastogloia smithii 0.6 32.3
Nitzschia tryblionella 0.6 40.6
Amphora ovalis 0.5 45.8
Gyrosigma attenuatum 0.5 49.7
Nitzschia sigmoidea 0.5 46.9

91.5

nor was it intended that the study should be com-
prehensive in this respect. Nonetheless, this part
of the study is perhaps justified as an example
of the possibility of applying statistical methods
to diatom research. By developing suitable forms
of analysis, e.g. cluster analysis, it might be pos-
sible to formulate different regional models.

The Mastogloia phase

Studies of diatoms in the sediments of the
Baltic have often reported observations in the
Baltic Sea of a so-called Mastogloia phase char-
acterised by a low salt content, just before the
end of the Ancylus Lake period (e.g. Eronen
1974; Alhonen et al. 1978). The identification of
this period in the evolution of the Baltic is based
on the occurrence of certain diatom species that
prefer brackish water but which are nevertheless
also found in fresh water in the upper levels of
Ancylus sediments just before the beginning of
the Litorina phase. Such species encountered in
this study include Mastogloia elliptica, Mas-
togloia braunii, Mastogloia smithii, Diploneis
smithii, Navicula peregrina, Synedra pulchella
and Epithemia turgida + var. westermanni (cf.
Figs. 2—S5). In addition to these species other
conspicuous types especially in this study were
Rhopalodia gibba, Rhoicosphaenia curvata and
Epithemia zebra. In diatom diagrams 4/69 and
5/69 Mastogloia species constitute a rather clearly
delimited group just below the boundary between
Ancylus and Litorina. The lower section of both
these diagrams consists of clearly distinguishable
Ancylus-type diatom species. The situation as far
as the diagrams for other cores are concerner is
more unclear. In core 8/69 attention is drawn to
the paucity of Epithemia species and the large
number of Tabellaria fenestrata at what is as-
sumed to be the Mastogloia phase. This is in clear
contradistinction to the situation in cores 4/69
and 5/69. On the other hand, the same kinds of
species are to be found in core 6/72, but here they
are found in the bottom sections of the core. In
this diagram however, Mastogloia-type species
should be found above the Ancylus/Litorina
boundary. But the large quantity of organic mat-
ter together with the large percentage of Litorina
species in the sediments perhaps indicates the
existence of the Litorina phase proper. In these
sediments, however, a small increase in Epi-
themia species together with a decline in Melosira
islandica, Melosira italica and Stephanodiscus
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Fig. 6. Prominent group of correlations among the number of diatoms in Ancylus sediments.
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Fig. 7. Prominent group of correlations among the number of diatoms in Litorina sediments.
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astraea can be seen somewhat above the Ancylus/
Litorina boundary. This may possibly be indica-
tive of a weak Mastogloia phase in this position.
In that case the characteristic Mastogloia species
would obviously be seen only in cores 4/69 and
5/69 of this study. This interpretation would
seem to be supported by earlier reports of cores
6/69 and 5/72 (Alhonen et al. 1984), in the first
of which the Mastogloia phase is clearly visible
as a short stage right on the boundary between
the Ancylus and Litorina phases. Immediately
above the Mastogloia-phase species it is possible
to see a short-lived increase in large-lake species
before the actual onset of the Litorina species
proper. The diatoms at whose expense the brack-
ish-water species of the Mastogloia phase increase
are mainly Melosira islandica and Stephanodiscus
astraea.

This study therefore supports earlier studies on
the distinction of a Mastogloia phase in
southwest Finland. The species concerned could
not be clearly observed in all the cores. The
reasons for this might be the short period of time
covered by the phase and perhaps, even more so,
regional features dependent on the proximity of
the shore and the great distance to the straits
between the Baltic and the North Sea. The or-
ganic content of sediments from the Mastogloia
phase is slightly higher than that of Ancylus
sediments. However, the differences are so small,
that it is impossible to distinguish the sediments
on the basis of this.

Diatoms in younger sediments

The percentages of the most common diatoms
in the topmost samples (n = 27) of the cores
were calculated separately. There were altogether
26 species with percentages amounting to at least
1 per cent of the total material (Table 2). The fact
that Melosira islandica was the most frequently
encountered species indicates the importance of
redeposition in the region, as does also Stephano-
discus astraea in fourth place. The most com-

Table 2. Percentual proportion and frequency of the most
common diatom species in the uppermost samples of the cores
(n = 27).

% fr.
Melosira islandica 8.6 24
Achnanthes taeniata 8.4 20
Coscinodiscus granii 8.1 21
Stephanodiscus astraea 6.6 24
Epithemia turgida 6.5 27
Coscinodiscus lacustris 5.3 21
Thalassiosira baltica 4.7 19
Epithemia turgida var. westermanni 4.3 26
Synedra tabulata 3.7 25
Nitzschia punctata 3.6 22
Actinocyclus ehrenbergi 3.6 23
Coscinodiscus asteromphalus 3.5 21
Melosira moniliformis 2.6 21
Cocconeis scutellum 2.6 23
Grammatophora marina 2.2 22
Campylodiscus echeneis 2.2 21
Melosira italica 1.9 19
Rhoicosphaenia curvata 1.6 22
Epithemia sorex 1.3 25
Epithemia zebra 1.2 23
Rhopalodia gibba 1.2 21
Rhabdonema arcuatum 1.1 20
Cocconeis pediculus 1.0 21
Melosira arenaria 1.0 17
Diploneis didyma 1.0 23
Nitzschia tryblionella 1.0 18

88.8

mon brackish-water diatoms were Achnanthes
taeniata and Coscinodiscus granii (var. araliensis),
both of which are to be found in abundance
everywhere in the youngest sediments (diatom
diagrams, Figs. 2—5). These two species and
Coscinodiscus asteromphalus, which is very rem-
iniscent of Coscinodiscus granii in appearance,
are extremely characteristic of young sediments
in the study area. The author has found them
in great abundance among the present species
found in Airisto. Because on their large size the
Coscinodiscus diatoms referred to give the im-
pression that they predominate entirely in most
samples, especially since the bulk of other spe-
cies consist often of Achnanthes taeniata, which
are small in size. Because it has a thin shell
Achnanthes taeniata is not very well preserved
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in sediments. This may explain why it is abundant
in young sediments. A feature worth noting is
that no Licmophora species, which also have thin
shells, were found in the sediment samples even
though Ravanko and Tynni (1974) and the author,
for example, have found such species among
those now inhabiting Airisto.

Although Molder and Tynni (1968) note that
Coscinodiscus asteromphalus is a common
diatom in the Litorina Sea, and Alhonen (1979)
dates the Coscinodiscus species as belonging to
the same phase in the evolution of the Baltic, it
seems that their proportion of the total species
flora in the study area is larger than usual. The
same is true of Achnanthes taeniata although
Molder and Tynni (1972) and Ignatius and Tyn-
ni (1978), for example, report it as common in
both Litorina and post-Litorina sediments. The
increase in the number of these species has been
largerly at the expense of Epithemia species (cf.
Figs. 2—5).

Conclusions and comparison

The results of diatom studies are usually given
in the form of separate cores and not as frequen-
cy and mean values for regions, as has been done
in this study in many cases. For this reason com-
parison of characteristic species found in the area
with the species commonly found in other areas
can only be done on the basis of individual dia-
tom diagrams.

The percentage of Yoldia species was small in
the material used in this study so that such spe-
cies are not found in any of the diatom diagrams
nor in the tables. Since the most common spe-
cies of this period are Melosira islandica ssp.
helvetica and Stephanodiscus astraea (Eronen
1974; Alhonen 1979), which are also typical
Ancylus species, and because the density of dia-
toms in Yoldia sediments is extremely small, it
is difficult to distinguish Yoldia and Ancylus
sediments from each other on the basis of the dia-
tom flora. Using the low diatom density and

certain brackish-water species it is nonetheless
possible to distinguish Yoldia sediments, as was
shown in this study. Sediment that was in many
respects similar was found, in the lower section
of sample 9/68, for example. However, the abun-
dance of Ancylus forms and the fact that the site
from which the sample was taken lies near a
steeply dipping shore make it reasonable to as-
sume that in fact it is a question of strong re-
deposition during the Ancylus phase under the
influence of littoral forces.

Melosira islandica (ssp. helvetica), a typical
large-lake diatom (Molder and Tynni 1967), is
clearly the most common diatom (more than 40
per cent) in Ancylus sediments. The percentage
of this particular species rose to more than 90 per
cent in individual samples, particularly in the
oldest Ancylus sediments. That this species had
a percentage of more than 5 per cent in Litorina
sediments is due to the erosion of old Ancylus
strata and redeposition. Melosira islandica cor-
relates best with Melosira italica. In frequency
of occurrence Melosira islandica was the most
common diatom, being present in more than 90
per cent of all the samples analysed during the
study.

Stephanodiscus astraea with its 20-per cent
share is the second most common diatom in
Ancylus sediments. In Litorina sediments, how-
ever, it accounts for even 3 per cent, which is due
to redeposition. There was a quantitatively
positive correlation with most other large-lake
diatoms, indicating the ecological similarity of
these species. Such species included Gyrosigma
attenuatum, Cyclotella iris and Melosira italica.

Among large-lake species Tabellaria fenestrata
(3.3 % in Ancylus sediments) accounted for the
largest proportion of individual diatoms in cer-
tain samples (Fig. 4). In quantity it did not, how-
ever, correlate with any other species. Besides the
species above, only Cyclotella comta (1.6 %),
Melosira arenaria (1.3 %) and Cymatopleura
elliptica (1 %) reached the one-per-cent level in
Ancylus sediments. Of these Melosira arenaria
also exceeded one per cent in Litorina sediments.
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The diatom flora of the Ancylus Lake corre-
sponded rather well in this study with the picture
given in the literature. The percentage of Melosira
arenaria is, however, rather smaller than is usu-
ally portrayed (Alhonen et al. 1978; Ignatius and
Tynni 1978). The reason for this may be that,
according to Eronen (1974), Melosira arenaria is
found in abundance in sandy sediments. A fur-
ther explanation is perhaps the great depth of
water in the study area during the Ancylus phase.
This favours pelagic species at the expense of
benthos and epiphytic species. Eronen (1974) also
classifies Opephora martyi and Diploneis mauleri
as typical Ancylus species. The numbers of these
two species were extremely small in this study,
so much so that Opephora martyi was encoun-
tered more frequently in Litorina sediments. Only
one individual of Caloneis latiuscula, which is
regarded as belonging to Ancylus species by Igna-
tius and Tynni (1978), was found in this study.

When the Mastogloia phase began at the end
of the Ancylus phase brackish-water species
began to appear in the eastern parts of the Baltic
Sea even though the amount of meltwater was
large owing to the proximity to the ice sheet. The
increase in the salt content of the water must
therefore have been smaller than in the parts of
the Baltic nearer the Atlantic. The proportion of
Mastogloia species proper as described in the
literature (e.g. Eronen 1974; Alhonen 1979) is
relatively small in the material of this study,
which is characterised by an abundance of
Epithemia species, with Epithemia turgida + var.
westermanni, as the most typical. Rhopalodia
gibba, which was commonly found among
Mastogloia species in this study, is hardly men-
tioned at all elsewhere in the literature.

Epithemia turgida and Epithemia turgida var.
westermanni constitute a morphological series
from the longest to the shortest forms and require
a similar ecological environment (Tynni 1980).
For this reason it is not so easy to distinguish them
from each other. On the other hand, it is perhaps
not necessary, either. Therefore their occurrence
is sometimes treated jointly in this study. Epi-

themia turgida + var. westermanni together
formed the third most common species in the
whole material. Among Litorina diatoms they
took first place and among Ancylus sediment
species they were third after Melosira islandica
and Stephanodiscus astraea. They were particu-
larly characteristic of the Mastogloia phase.
Ecologically the epiphytic Epithemia turgida is
well adapted to both Ancylus and Litorina condi-
tions (Tynni 1980). This is clearly observable in
the diatom diagrams (Fig. 2—5). The maximum
occurrence of Epithemia turgida + var. wester-
manni was, in addition to the Mastogloia phase,
in which it was often the most common species,
also often the oldest Litorina sediments. In fre-
quency of occurrence it took second place in the
whole material after Melosira idlandica, and in
Litorina sediments it was found in practically
every sample.

The Litorina Sea was characterised by a much
larger variety of diatom species than the Ancylus
Lake phase. As a whole the most common species
was Epithemia turgida + var. westermanni
which, as in the Mastogloia phase, appears as an
epiphyte in shallow water near the shore. The so-
called Clypeus flora, which is typical very close
to the shore (Eronen 1974; Alhonen 1979; Gliic-
kert 1976, 1977) appear in most of the studied
material but only the Epithemia species referred
to be abundantly represented. Other relatively
abundant diatoms in the same group included
Rhoicosphaenia curvata, Campylodiscus echeneis,
Diploneis smithii, Nitzschia tryblionella, Mas-
togloia smithii and Navicula peregrina. Synedra
tabulata, which was common in this study, is not
mentioned at all by the above authors but is
referred to by Ignatius and Tynni (1978). On the
other hand, such species as Amphora mexicana,
Anomoenois sphaerophora and Surirella capronii
are absent from this study. Typical Litorina
species mentioned by Eronen (1974) and Alho-
nen (1979) among pelagic types were also en-
countered in this study. These included Coscino-
discus spp., especially Coscinodiscus lacustris and
the less frequently mentioned Coscinodiscus
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asteromphalus and Coscinodiscus granii var.
araliensis, Thalassiosira baltica, Actinocyclus
ehrenbergi, Achnanthes taeniata, Grammatophora
oceanica, Rhabdonema arcuatum and Rhoicos-
phaenia curvata. In addition to these, commonly
occurring species of this group found in this study
but less frequently mentioned by other authors
were Cocconeis scutellum, Rhizosolenia calcar-
avis, Rhopalodia gibba, Cocconeis pediculus and
Diploneis didyma.

Coscinodiscus lacustris, which was the second
most common diatom in Litorina sediments after
Epithemia turgida + var. westermanni with a
percentage of 7 per cent, did not correlate in
number with any other diatom species. Ecologi-
cally it is classified as a freshwater or slightly
brackish-water species (M6lder and Tynni 1968)
but in the materials of this study its occurrence
was restricted almost entirely to Litorina sedi-
ments.

Synedra tabulata with a share of 6.5 per cent
was the third most common diatom in Litorina
sediments. Although it is a brackish-water epi-
phytic type (Mdlder and Tynni 1970), its occur-
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