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Abstract 

ALHONEN, PENTTI (Dept. Geol. Paleontol., Univ. Helsinki): The Flandrian develop

ment of the pond Hyrynlampi, Southern Finland, with special reference to the pollen and 

cladoceran stratigraphy. - Acta Bot. Fennica 95: 1-19. 1971. 
The paper describes the Flandrian development of the pond Hyrynlampi in southern 

Finland. The pond was formed during the final drainage of the Baltic Ice Lake, becoming 

isolated from this stage of the Baltic Sea. The dating of the sediments is based on pollen 

stratigraphy and the vegetational history of the surroundings is described. The indica

tions of the initial vegetation in littoral and open-water cores are interesting. The effect 

of the shore appears clearly in the littoral pollen stratigraphy, but in the pelagic area 

this effect is not so obvious, the abundant occurrence of NAP thus being limited to a sur

prisingly small marginal area of the basin. The distribution of cladoceran remains in the 

surficial sediments shows that with increasing depth and distance from shore the littoral 

percentages clearly decrease and the proportion of plankton increases. The stratigraphical 

data of the remains of the individual cladoceran species are given. The cladoceran stra

tigraphy shows an increase of plankton during the Atlantic and Sub-Atlantic periods, re

flecting the climatic changes. This investigation suggests that the climate was the most 

important factor causing changes in the ecosystem dynamics of Hyrynlampi. The pond 

has been more or less oligotrophic during its development. Within the family Chydoridae 

Chydorus sphaericus, Acroperus harpae, Graptoleberis testudinaria and Alonella nana may 

be considered pioneer species in the pond. 

Author's address: Dr. Pentti Alhonen, Department of Geology and Paleontology, 

University of Helsinki, Snellmaninkatu 5, SF-00170 Helsinki, Finland. 
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I. Introduction 

This investigation deals with the sediment history of a small pond, Hyryn
lampi, in southern Finland. Its palaeoecology and palaeolimnology are studied 
on the basis of pollen and cladoceran analyses, which elucidate past changes 
in the biota and its surroundings. As previously observed in the literature, 
the study of the stratigraphy of Cladocera promises to serve several purposes 
in palaeolimnology and an analysis of the cladoceran remains has thus been 
included in the stratigraphical and chronological studies in this paper. The 
aim has also been to obtain information about the subfossil cladoceran fauna 
of the early Flandrian lake deposits in Finland, since the previous data relate 
to the bottom deposits of younger lakes isolated from the Ancylus Lake stage 
of the Baltic Sea at about 6000 B.C. (cf. A!.HONEN 1970a). 

It may also be mentioned here that important investigations on cladoceran 
stratigraphy have recently been made in the lakes Esrom and Grane Langs0, 
Denmark (WmTESIDE 1970), Wizajny, Poland, (Cz:eczuGA et al. 1970) and 
Otterstedter See, Germany (MuLLER 1970). 

II. The Late Weichselian and early Flandrian geology of the 
surroundings 

Hyrynlampi is a small pond lying in a kettle-hole in an esker, south-west of the village 
of Layliainen in the parish of Loppi. As seen in Fig. 1a, it is situated between the end
moraines Salpausselka I and II. AARTOLAHTI ( 1968) has described the geomorphology of 
the area, mainly dealing with the glacial formations (Fig. 9:3; see also Appendix I) .The 
esker is also included in the map of DoNNER {1969, Fig. 2: site 11). It has a delta at about 
fitS m . This delta plain represents the level B III, just before the final drainage of the 
Baltic Ice Lake (DONNER 1969: flt3, Fig. 3). The landfsea level changes occurring during 
the formation of the Salpausselka endmoraines are used here to elucidate the development 
of the surroundings of Hyrynlampi (Fig. 1b). According to the new curve presented by 
DoNNER (1969: Fig. 4), there was a transgression from the level g when the Baltic Sea 
stood at the same level as the ocean up to the first stage of the Baltic Ice Lake, B I. It 
was followed by a regression represented by the two lower Baltic levels, B II and B III, 
and by the final drainage down to the level Y I of the Yoldia Sea (DONNER 1969: 145-
flt6). As seen in Fig. 1b, the pond was formed during this regression, becoming isolated 
from the Baltic Ice Lake. 

The events in the development of the Baltic Sea in the area of Hyrynlampi can be 
dated on the basis of varve chronology (SAURAMO 1923), and thus correlated with the re
treat of the ice-margin. The final drainage of the Baltic Ice Lake occurred just after the 
formation of Salpausselka II, its date corresponding to the year ± 0 in SAUIL-nm's gee
chronology and to the year 8213 B.C. in the revised Swedish varve chronology (see DoN
NER 1969: 147). Thus the pond Hyrynlampi formed in the Late Weichselian, but its main 
development took place during the Flandrian stage of the Pleistocene. 



4 Pentti Alhonen: The Flandrian development of the pond Hyrynlampi 

50 m 

c 

( Ss I 

18873 B.C. 

BI 
-'- sn: 

Ss IT( 
~213BC 

-"'Bill 

H - L 

FIG. 1.-A. Location of the pond Hyrynlampi and its relation to the Salpausselka end
moraines Ss I and Ss II. - B. The relation of the pond Hyrynlampi (H) to the landfsea 
level changes during the formation of the Salpausselka endmoraines according to DONNER 
{1969, Fig. 4.). The years refer to varve chronology for southern Finland. -C. Bathymetric 
map of the pond Hyrynlampi. The sampling stations along the longitudinal transect and 

the core sites I and II are shown. 

Ill. Methods 
l. Field investigation 

Two cores were taken from bottom deposits representing different bathymetrical 
fades while the pond was covered with ice. A Livingstone sampler with removable plastic 
tubes was used. The macroscopical observations of the bottom sediments were made in 
the field, and the cores were kept in the tubes until examined in the laboratory. 

The distribution of cladoceran remains in the surficial sediments of the pond was 
studied by taking 16 samples along a transect with an Ekman dredge. A Ruttner water 
sampler was also used. Some limnological observations of the site were made in the sum
mer of 1969. 
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2. Laboratory investigations 

In the laboratory the bottom sediments were analysed microscopically, mainly by the 

method described by LUNDQVIST (e.g. 1940), and were dated by pollen analysis. Pollen 
slides were made in the usual way, and 150-250 tree pollen grains were counted from 
each preparation. Two pollen diagrams were drawn from both sites. In the diagram of 
trees and shrubs there is also a total diagram in which the percentages were based on the 
total amount of pollen , excluding the aquatics. In this diagram the pollen were grouped 

into trees and shrubs, Cyperaceae and NAP, excluding Cyperaceae. The second diagram 
gives the non-tree pollen, pollen of aquatics and spores based on the tree pollen sum. 

A cladoceran analysis made on fresh sediment has already been described in an earlier 
paper (see ALHO!-.'EN 1970a). The remains of animals were identified by comparison with 
the illustrations in FREY {1958, 1959, 1960 and 1962), GOULDEN {1964) and SEBESTYEN 
{1969). The results are given as percentages of total Cladocera in the diagrams. 

IV. Description of the pond 

As mentioned above, Hyrynlampi lies in a relatively deep kettle-hole in an esker in a 
glaciofluviallandscape (Figs. 1c and 2). Its shape is oval, but it narrows towards its north
western end. The pond is about 130 m above sea level. It is about 160 m long and about 
80 m at its widest part. As is seen in the bathymetric map, (Fig. 1c) the littoral zone is 
very narrow, and the basin deepens rapidly towards its centre. The greatest depth measur
ed is 14 m. 

In addition to surface runoff, Hyrynlampi receives water from springs on its bottom. 
The Secchi disk transparency was 4.9 m {15. VI. 1969), the water of the pond being very 

FIG. 2. The pond Hyrynlampi seen from southern end. Photo P.A. 15.VI.1970. 
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clear. The macrophyte vegetation was found to include Nuphar ltttemtt, Calla palustris, 

Carex gracilis and Comart~m palustre. 
It is interesting to note in this connexion that Hyrynlampi shows a tendency to mero

mictic conditions. According to oxygen measurements, its hypolimnion has been anaerobic 

since 1964. This question will be discussed in more detail in another paper. 

V. Core stratigraphy 

Core 1 

Sediment core 1 was taken from the littoral zone of the pond. The water depth of the 

sampling site was 3 m, and the stratigraphy is as follows: 
0-30 cm brown compact fine detritus gyttja 

30-40 cm brown peaty gyttja, with abundant Bryales fragments 

40-60 cm brown fairly compact fine detritus gyttja 
60-65 cm brown peaty gyttja with Bryales fragments 
65-90 cm brown compact fine detritus gyttja 
90-105 cm brown peaty gyttja with Bryales and coarse detritus 

105-120 cm gray silt 
The thickness of the minerogenic basal part of this sequence was not measured. 

Core 2 

Core 2 represents the open-water zone of the pond. It was taken at a place where the 

depth of water was 11 m. The core stratigraphy is as followings: 
0-130 cm dark brown fine detritus gyttja 

130-140 cm light brown sandy gyttja 
140-145 cm gray sand 
The thickness of the minerogenic deposits was not measured in this case either. The 

stratigraphy symbols are given in Fig. 6. 

VI. Pollen stratigraphy and vegetational history of the 
surroundings 

The pollen diagrams were zoned according to the division of the Flandrian 
zones in southern Finland as discussed by DoNNER (1963). The changes in the 
pollen stratigraphy of core 1 are presented in Fig. 3. The two oldest pollen 
zones, zones IV and V, can easily be distinguished, the former showing a Be

tula, the latter a Pinus maximum. The boundaries of the other pollen zones 
are not clear. In the basal part of the diagram is a marked NAP maximum, 

mainly consisting of Cyperaceae and Gramineae pollen, but including other 
non-arboreal pollen components, as is seen in Fig. 4. This NAP maximum 
was earlier separated as Zone m and correlated ·with the Younger Dryas 
period. From new investigations it has become evident, however, that in sout
hern Finland Zone Ill belongs to the beginning of the Post-glacial (=Fland-
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rian) period (see Do~ER 1966 with references) . The high amount of NAP 
thus reflects the initial vegetation immediately preceding the spread of forests . 

The pollen stratigraphy of core 2 of Hyrynlampi is presented in Fig. 5. It 
is easily divisible into zones. The zone boundary IV/V occurs in the sandy 
gyttja of the basal part of the core. The Pinus-dominated zone V is visible in 
the gyttja. The zone boundary V/VI is marked by the steep rise of Alnus in 
the diagram. The zone boundary VIIT/IX is more distinct in this profile than 
in core 1, being defined by a decline and break of the thermophilous trees 
(Corylus, Ulmus, Quercus and Tilia), an increase of Pinus, a decrease of Betu
la and clear indications of the presence of Picea. One pollen grain of Acer 
and one of Carpinus were found in zone IX. Their presence, especially that 
of Carpimts can be ascribed to long-distance transport. 

The NAP flora of pollen zone I V in this sequence (Fig. 6) is almost identical 
with that found in the littoral core 1, but the percentages are much lower. In 
this case the NAP maximum reaches only about 25 % of the total amount of 
pollen shown in Fig. 5. We may conclude that the extent to which the deposits 
provide an indication of the local initial vegetation seems to depend on the 
sedimentation facies of the basin. The effect of the shore appears in the littoral 
pollen stratigraphy, whereas in the pelagic area this effect is not so obvious. 
The results also show that the clear occurrence of NAP flora is probably limited 
to a surprisingly small marginal area of the Hyrynlampi basin. 

The high NAP percentages occuring in the minerogenic parts of both cores 
can be assumed to reflect the initial stage of the vegetation, with open plant 
communities. In pollen zone IV the dominance of herbs of open habitats, such 
as Cyperaceae, Gramineae, Ericales, Artemisia, Caryophyllaceae, Cheno
podiaceae, Compositae, Cruciferae, Galium, Plantago , Ranunculaceae, Rosa
ceae, Rumex and Thalictntm, indicates more or less unwooded conditions. Ac
cording to my interpretation, in the present case the Betula pollen reflects rather 
open birchwoods, associated with grasses and Ericales heaths, in the emerging 
glaciofluvial surroundings (d. BERGLIDH) 1966: 124-140). It has been shown 
by DoNNER (1966) that similar initial vegetation occurred in the surroundings 
of the Varrassuo bog on Salpausselka I. Similar vegetation is also indicated 
by the basal parts of pollen sequences from the North Satakunta area (ALHo
NEN 1971) and eastern and north-eastern Finland (e.g. VASARI 1962, SoRSA 
1965, HYVARINEN 1966 and TOLONEN 1967). 

The forest in the surroundings of Hyrynlampi became denser when the 
new land had emerged, and after the pollen zone transition IV/V the Boreal 
pine expanded in the area. The development of thermophilous forests in the 
surroundings of the pond during the Flandrian climatic optimum agrees with 
what it is generally known of that stage in Southern Finland. Picea became com
mon in the area about 4000 B.P., according to the isochron map of AARTOLAHTI 
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(1966 with references; see also Do:r-..TNER 1963), and the pollen zone transition 
VIII/IX shows a decrease of thermophilous trees, an increase of Pinus and 
a decline of Betula. The earlier aquatic vegetation of the pond included M eny
anthes, Myriophyllum alterniflorum, Nuphar, Nymphaea and Sparganium. 

VII. Distribution of cladoceran remains in surficial sediments 

As is well known, the two primary cladoceran habitats are the littoral and 
planktonic zones. The distribution of cladoceran remains between these zones 
is interesting and can be investigated by examining samples o£ the surficial 
sediments taken along transects. 

MUELLER (1964) was able to demonstrate a direct relationship between 
the relative amounts of subfossil planktonic and littoral Cladocera and the 
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FIG. 7. Planktonic and littoral percentages of Cladocera in the surficial sediments of the 
longitudinal transect of the pond Hyrynlampi. 
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planktonic and littoral habitats . The significance of the planktonic/littoral 

(P/L) ratio of the subfossil cladoceran community in the biostratigraphical 

history of a lake has also been shown (see ALHONEN 1970a and 1970b). 
The littoral and planktonic percentages for the longitudinal transect of 

Hyrynlampi (see Fig. 1c) are given in Fig. 7. It can be seen that with increasing 

depth and distance from shore the littoral percentages clearly decrease and 

the proportion of plankton increases. This same pattern has been found by 

MUELLER (1964, Fig. 20), e.g. in Wyland Lake. 

TABLE 1. O adocera from the longitudinal transect of Hyrynlampi showing species occur
rence and percent. 

Station and depth (m) 

1 2 3 4 5 6 7 8 9 10 1t 12 13 14 15 16 
1 1.5 4 8 11 11 10 12.5 13 14 12 11 11 5 2.5 1.5 Mean 

Sirla crystallina 1 1 0.19 
Daphuia sp. 1 1 1 0.19 
Dosmina sp. 18 47 55 76 80 85 91 90 82 88 80 84 76 56 39 38 67.80 
Camptocercus recti rostris 10 6 3 2 3 1 1 4 3 6 2.43 
Acroperus harpae 9 8 2 4 1 6 1 2 4 6 2 2 7 4 6 3.93 
Graptoleberis testudinaria 2 2 2 2 2 1 1 2 5 1 4 4 5 2.06 
A Iona affinis 27 14 2 1 1 1 2 3 12 16 4.93 
A. quadrangularis 1 2 0.19 
A. rectangula 1 2 2 0 .38 
A. guttata tuberculata 4 3 4 2 1 2 1 1 1.13 
Alonella nana 17 12 16 8 6 6 3 4 4 4 5 5 12 6 9 7.62 
A. e...xcisa 1 1 1 2 0.31 
Pleuroxus aduncus 4 3 1 2 2 0.75 
Chydorns sphaericus 6 4 6 5 4 5 2 6 12 8 26 23 7.31 
C. piger 3 0.19 
Monospilus dispar 3 2 0.31 
Number of species 11 10 12 8 8 6 6 7 7 5 6 10 11 8 

Table 1 shows the occurrence of cladoceran species at each sampling station 

along the transect presented in Fig. 1c. Bosmina is the dominant non-chydorid, 

showing a clear offshore development. The most abundant chydorids are 

Alonella nana and Chydorus sphaericu,s. Alona a/finis and Acroperus harpae 
are also common in the surficial sediments of the pond. Chydorus sphaericus 

is also known to occur as a plankter, but in Hyrynlampi it seems to be chiefly 

littoral. The reason for this difference in the ecology of C. sphaericus should be 

considered in stratigraphical investigations. The cladoceran remains in the 

present study have been divided into two categories, the representatives of 

which are as follows: 

A. Planktonic zone Cladocera 
Bosmina sp. 
Daplmia sp. 
Ceriodaplmia sp. 

B. Littoral zone Oadocera 
Family Chydoridae 
Sida crystallina 

It may be mentioned that although both Bosmina and Daphnia are 

plankters they can also occur in the weedy marginal areas (cf. M:UELLER 1964: 

26). Bosmina coregoni is, however, an open-water species. 
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VIII. Cladoceran stratigraphy 

1. Species analysis 

Previous stratigraphical data of the remains of the individual cladoceran 
species found in Finnish lake sediments are given by Ar.HONEN ('1970a). The 
present material forms a supplement to this information. 

Family Sididae 
Sida crystallina (0. F. Miiller). In Hyrynlampi, Sida is represented by claws only. The 

species is fotmd sporadically in both cores (cf. Al.HONEN 1970a). Sida is a clear littoral 

form favouring P otamogeton as a substrate (e.g. GOULDE:-< 1964, SEBESTYEN 1969). 

Family Daphniidae 
Daphnia sp. Ephippia of Daphnia were found in the sediment of the pond. These 

ephippia have not been referred to separate species. 

Ceriodaplmia sp. Two ephippia were recovered, possibly belonging to the species pul
chella Sars (cf. GOULDEN 1964: plate 1, Fig. 5). 

Family Bosminidae 
Bosmina sp. is represented in this material by shells and head shields. Only head 

shields of the B. coregoni- type have been found in the two cores from Hyrynlampi. The 
determinations are based on the lateral head pores, a method described by GOULDEN & 
FREY (1963). 

Family Chydoridae 
Eurycercus lamellatus 0. F. Miiller. Only two saw-toothed post-abdomens of this spe

cies were recovered from core 2. It was present in all the North Satakunta lakes studied 

by ALHONEN (1970a). The species occurred in small amounts in the sediment samples of 
Lake Wizajny (CZECZUGA et al. 1970). According to WmTESIDE (1970), the presence of 
Eurycercus lamellatus is positively correlated with transparency and negatively correlated 
with alkalinity and electrolytic conductivity. It is evicent that this species prefers oligo

trophic waters. 
Camptocercus rectirostris Schodler. Shells, head shields and postabdomens of Campto

cercus were found rather sporadically throughout both the cores. Remains of this species 
were abtmdant in the sediments of the North Satakunta lakes (see Al.HONEN 1970a), es
pecially in Lake Telkko. The species has also been found in the sediments of Lake Wizajny 
(CZECZUGA et al. 1970). The study of WmTESIDE (1970) shows that the greatest average 
abundance of Camptocerct~ is in the group of ponds and bog-waters, while its largest 
frequency value is in the clear-water group (WmTESIDE 1970: 93). According to POUL
SEN (1928), C. rectirostris is commonest in waters with a low pH. 

Acropeus harpae Baird. Head shields and shells are common in both the cores from 
Hyrynlampi. The species was found in the sediments of Lakes Sarkijarvi, Jarvenkyliin
jarvi and Leppasjarvi in North Satakunta (ALHoXfu'{ 1970a) and in almost all the samples 

of the Lake Wizajny sediments (CzECZUGA et al. 1970). A. harpae is commonest in ponds 
and bogs, in waters characterized by low productivity, pH, conductivity, and alkalinity 
(see WmTESIDE 1970: 93). 

Graptoleberis testudinaria Fischer. Head shields and shells of this species are very abun
dant in both the Hyrynlampi cores. They were found in the sediments of all the North 
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Satakunta lakes (ALHONEN 1970a). Graptoleberis was occasionally found in the deposits 
of Lake Wizajny (CzECZUGA et al. 1970), and was present in the sediments of Lake Balaton 
(SEBESTYEN 1969). According to WmTESIDE (1970), G. testudinaria was co=onest in 
ponds and bog-waters. The main occurrence of this species in the deposits of the North 
Satakunta lakes seems to coincide with the Flandrian climatic optimum (see ALHONEN 
19/0a) , and, according to GOULDE- (1964:22 and with references), Graptoleberis testudina
ria evidently thrives in warm regions (see also SEBESTvEN 1969:254). 

Alona affinis Leydig. Head shields, shells and postabdomens of this cosmopolitan spe
cies were recovered from the sediments of Hyrynlampi. It was well represented in the 
deposits of the North Satakunta lakes (ALHONEN 1970a). A. affinis occurs in small 
amounts in the sediments of Lake Wizajny (CzECZUGA et al. 19 70) . According to WmTE
SIDE (1970), it has no significant correlations with transparency, conductivity, pH and 
alkalinity. 

Alona quadrangularis 0. F. Miiller. This species is occasionally represented by head 
shields and postabdomens in the present material. Its occurrence coincides roughly with 
the Flandrian clin1atic optimum (ALHONEN 19/0a) . The distribution and abundance of 
A. quadrangularis in Danish lakes was very similar to that of A. affinis (see WmTESIDE 
1970:94). 

Alona rectangula Sars. Only shells have been recovered, occurring very sporadically 
in both the cores. The species was rare in the sediments of the North Satakunta lakes 
(ALHONEN 1970a:26). The remains of A.rectangula were found in the deposits of Lake 
Wizajny (CzECZUGA et al. 1970). According to WmTESIDE (1970), it is most abundant at 
polluted sites, probably preferring eutrophic waters. 

Alona guttata Sars. The remains of A. guttata in this material mainly consist of shells, 
and only two head shields were recovered from core 2. The species was not found in the 
sediments of the North Satakunta lakes (ALHONEN 19/0a). It was present in the deposits 
of Lake Wizajny (CzECZUGA et al. 1970). The greatest average abundance of this species 
in Danish lakes was in the clear-water lakes, and it was most frequent in ponds and bog 
lakes (WmTESIDE 1970). The identification of A Iona guttata tuberculata is based on Figure 
25 of PREY (1959). 

Alonella 11ana Baird. Shells and head shields of A. nana are quite common in the sedi
ments of Hyrynlampi, especially in the upper part of core 1. Remains of this species are 
very frequent in the Late-Pleistocene samples of Lake Balaton (SEBESTvEN 1969:254). 
Alonella nana was recovered from the sediments of Lake Wizajny (CZECZUGA et al. 1970). 
The species was also very co=on in the Flandrian deposits of the North Satakunta lakes 
(see ALHONEN 1970a). WmTESIDE (1970:95) suggests that A. nana is found in oligotrophic 
waters. 

Alonella excisa. Fiscller. The species is represented by shells and head shields in this 
material. It is co=oner in the deposits of Hyrynlampi than in those of the North Sata
kunta lakes (ALHONEN 1970a). In Lake Balaton remains of A. excisa have been recovered 
only from the Late-Pleistocene samples (SEBESTvEN 1969). This species seems to favour 
habitats similar to those of A. natla (WmTESIDE 1970). 

Pleuroxt4S uncinatus Baird. Only three shells were recovered from the Hyrynlampi 
sediments. The remains of this species were very rare in the North Satakunta lakes (ALHO
NEN 1970a). WmTESIDE (1970:97) shows that P. tmcinatus has no significant correlations 
with transparency, conductivity, pH and alkalinity in his Danish material. 

Chydorus sphaericl~ 0. F. 1\Iiiller. The remains of C. sphaericus are very abundant in 
both the cores. The species was represented by numerous shells and head shields in the 
sediments of the North Satal..--unta lakes (ALHO~'EN 19/0a) . Chydorus sphaericus was also 
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very common in the deposits of Lake \Vizajny (CZECZUGA et al. 19 :10). It was present, 
but probably never common, in Lake Balaton during the Post-Pleistocene (SEBESTYEN 
1969:253). The material of WmTESIDE (19 :10) supports the idea that C. spliaeriws is com
monest in eutrophic waters. 

Cliydorus piger Sars. Shells and head shields were recovered from this material, but 
the remains are much rarer than those of C. spliaerietts (cf. ALIIO::-.'EN 1970a). The Danish 
study of WHITESIDE (1970) suggests that this species is best suited for non-polluted clear-
water sites. 

2. Biostratigraphy 
Fig. 8 shows the cladoceran stratigraphy of core 1. Only a few remains of 

Cladocera were found in the silt deposit. They belong to Chydorus sphaericus, 
Acroperus harpae and Graptoleberis testttdinaria. One single ephippium of 
Daphnia was also found in the silt. After the pollen zone transition IV/V the 
cladoceran fauna was well developed. This population is represented mainly 
by Chydorus sphaericus, Graptoleberis testudinaria, Acroperus harpae, Alonella 
nana, A. excisa, Alona guttata, A. a/finis and Chydorus piger. The dominance 
of the littoral Cladocera suggests the presence of a littoral zone with rooted 
aquatics. The development of plankton, which is indicated here by an increase 
of Bosmina coregoni, is clear after the pollen zone transition V /VI. Daphnia 
and Ceriodaphnia are also present. There is subsequently a clear increase of 
plankton in the upper part of this succession, which coincides with the Sub
Atlantic period (pollen zone IX) . In this case the changes in the planktonic/ 
littoral ratio also reflect changes in the areas of the open-water and shallow
water zones as summarized by ALHO::--~::-. (1970b). The chydorid fauna does 
not show any very great variations in pollen zones VI- IX. 

The cladoceran stratigraphy of core 2 is presented in Fig. 9. The lower
most sand deposit contains a few remains of Bostnina, Chydorus sphaericus, 
Alonella nana, A. excisa, Acroperus lzarpae and Graptoleberis testudinaria, but 
the chydorid fauna is well developed in the sandy gyttja. The dominant species 
are Chydorus sphaericus, Acroperus harpae and Graptoleberis testudinaria, 
which are the most abundant chydorids throughout the whole succession. 
Graptoleberis decreases, however, towards the upper part of the stratigraphy, 
where Chydorus sphaerims has a large maximum just before the pollen zone 
boundary VIII/IX. Planl.rtonic Bosmina is present in the deposits of zone V, 
but increases clearly after the pollen zone transition V fVI as in core 1. The 
B osmina curves of the two Hyrynlampi cores show great similarity, which is 
also reflected in the planktonic/littoral ratios. 

IX. The development of the pond 

1. The Pre-Boreal period (pollen zone IV) 

Knowledge of the retreat stages of the ice indicate that the area around 
Hyrynlampi became deglaciated during the Late ' eichselianfFlandrian transi-
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tion. The sediments of the Pre-Boreal pond are silt and sand, and sandy gyttja 
was also deposited. The pollen spectra indicate rather open vegetation, but 
birch expanded rapidly in this period. The soil conditions of the surroundings 
were probably rather unstable. The aquatic vegetation was poor; only two 
pollen grains of Nuphar were found in the sandy gyttja. The cladoceran fauna 
begun to develop during this time. The chydorids, the littoral group, are com
pletely dominant, suggesting shallow-water conditions in the pond. Hyryn
lampi was oligotrophic. 

2. The Boreal period (pollen zone V) 

The deposits of this pine period consist of peaty gyttja in the littoral and 
fine detritus gyttja in the pelagic fades of the pond. The macrophyte flora 
was represented by Nymphaea, Nuphar and Sparganium. The cladoceran 
fauna was well developed. The chydorid species were also predominant during 
this period clearly indicating the presence of rooted aquatics and a low water 
level. The plankton was poorly developed. The pond continued to be oligo
trophic. 

3. The Atlantic and Sub-Boreal periods (pollen zones VI-VIII) 

The deposits of both open-water and the littoral core consist of fine detritus 
gyttja, but those of the littoral core also include two peaty gyttja layers. The 
increase of plankton, represented mainly by Bosmina coregoni, coincides with 
the beginning of the Atlantic period. The non-planktonic Cladocera remained 
dominant, but it is evident that the water level rose at this time (cf. ALHOKE~ 
1970a). This is in good agreement with the moist climate of the Atlantic period. 
The decrease in the amounts of planktonic Bosmina may well reflect the drier 
climate during the Sub-Boreal period. The aquatic flora, as evidenced by the 
pollen finds, consisted of Myriophyllum alterniflorum, Sparganiu:m, Nuphar, 
Nymphaea and Menyanthes. The peaty gyttja layer at a depth of 30-40 cm 
in the littoral core was probably deposited in the Sub-Boreal period. It is 
possible that the water level was somewhat lower than during the moister 
Atlantic period. The cladoceran fauna does not indicate any very great varia
tions in nutrient status. 

4. The Sub-Atlantic period (pollen zone IX) 

Deposition of fine detritus gyttja continued in this period. The cladoceran 
analysis shows that the plankton increased again, reflecting a change in the 
bathymetry of the pond. This is more clearly indicated in the shallow-water 
fades than in the open-water core, as can be seen in the P/L ratios. Thus it is 
probable that a rise in the water level took place during this moist period. 
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FIG. 8. Hyrynlampi, core 1: cladoceran stratigraphy . 
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FIG. 9. Hyrynlampi, core 2: cladoceran stratigraphy. 
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Menyanthes, Myriophyllum alterniflorttm. Nuphar, Nymphaea and Sparga
ni~tm are present in the aquatic pollen flora. The pond seems to have been 
oligotrophic, as it is t oday. 

X. Some concluding remarks 

This investigation suggests that the most important factor for the ecosystem 
dynamics of the pond Hyrynlampi was the climate. As mentioned above this 
is reflected in the cladoceran stratigraphy. The changes in the proportions of 
planktonic and littoral Cladocera during the development of Hyrynlampi can 
mostly be correlated with the Flandrian climatic history, as has previously 
been shown by ALHONEN (1970a, 1970b with references) in connexion with 
the North Satakunta lakes. Within the family Chydoridae, Chydorus sphaericus. 
Acroperus harpae, Graptoleberis testudinaria and Alonella nana were the prin
cipal pioneer species in H yrynlampi. These, t ogether with some other species, 
may be considered pioneer chydorids in northern Europe, as shown by GouL
DEN (1964) in Esthwaite Water, by HARMswoRTH (1968) in Blelham Tarn and 
by WHITESIDE (1970) in Lakes Esrom and Grane Langs0. 
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