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Ab stract
This pa per pres ents dis cus sion on the re sults of sub fos sil Cla do cera analy ses from five lakes in Po land (Przedni Staw
Lake, Per es pilno Lake, Goœci¹¿ Lake, Imio³ki- fossil lake and Os trow ite Lake). The Cla do cera are rep re sented in sedi -
ments by re mains of plank tonic (Bos mini dae, Daph ni dae) and lit to ral (Chy do ri dae) forms. Cla do ceran as sem blage
phases (“ecos tra tigra phy”) were de ter mined on the ba sis of changes in domi nance of in di ca tor spe cies and past eco -
logi cal con di tions were re con structed. The re sults are be ing dis cussed from the view point of cli mate change and an -
thro po genic ac tiv ity and their role in the lake evo lu tion. Moreo ver, an at tempt to use the cla do ceran phases for
stra tigraphic di vi sion of the Late Gla cial and Holo cene was made. Dur ing the Bøl ling/Al lerød in ter sta dial, dis tin -
guished on the ba sis of pol len analy sis, Cla do cera in di cated short phase of bad con di tion (dry or cold?), proba bly as
the Old Dryas cli mate re sults. The be gin ning of Holo cene is char ac ter ized, in moun tain and low land lakes, by high in -
crease in the number of spe cies and speci mens of Cla do cera. This de scribed clear warm ing and marked the bound ary
Late Gla cial/Holo cene. It was in di cated that the “ecos tra tigra phy” based on Cla do cera can be use ful for cli ma to stra -
tigra phy, if cli mate was the ma jor fac tor con trol ling the de vel op ment of fresh wa ter lakes.
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IN TRO DUC TION

Fresh wa ter lakes re act in tensely to cli matic and en vi ron -
mental changes. Cla do cera (Crus ta cea), which are a com po -
nent of fresh wa ter zoo plank ton, are a good tool for re con-
struc tions of cli matic and eco logi cal changes. They react
sen si tively to changes in tro phy, tem pera ture and wa ter level. 
Re mains of these ani mals de pos ited in la cus trine sedi ments
and es pe cially changes of spe cies com po si tion and fre -
quency en able re con struct ing of past events. Analy sis of sub -
fos sil Cla do cera is one of the fun da men tal meth ods of
paleo lim nol ogy (Frey 1986, Hann 1990, Kor hola, Rau tio
2001). The chiti nous cla do ceran re mains have been used in
in ves ti ga tions for sev eral dec ades be cause they pre serve well 
in gyttja, mud and peat sedi ments. The re sults ob tained from
Po land and from other coun tries in di cate the use ful ness of
this method (Hof mann 1998, Kor hola, Tik kanen 1991,
Sarmaja- Korjonen, Al honen 1999, Sarmaja- Korjonen et al.
2003, Sze roc zyñska 2002). Past stud ies have mainly con cen -
trated on lake and peat sedi ments de pos ited dur ing the last
13,000 14C yr BP, but older sedi ments (e.g. Eemian) have
also been stud ied (Mi ros³aw- Grabowska, Ni ska 2005, Stan -
kowski et al. 2003). Re cently, many stud ies have used mod -
ern sedi ments. They en abled re con struc tion of
environmental pref er ences of the stud ied spe cies in de tail.
The so- called sur face sedi ment calibration- set ap proach is
one of the best means of achiev ing in for ma tion about the fac -
tors regu lat ing the lake en vi ron ments (Am sink et al. 2003,
Kor hola et al. 2000, Lot ter et al. 1997).

The cur rent pa per pres ents dis cus sion on re sults of sub -
fos sil Cla do cera analy ses of la cus trine sedi ments de pos ited
dur ing the Late Gla cial and the Holo cene in Po land and their
use ful ness to cli ma to stra tigra phy. The cla do ceran analy ses
were ac com pa nied by de tailed analy ses of pol len, chem is try
and ar chae ol ogy. Lakes whose de vel op ment was mainly
con trolled by cli mate were cho sen for this pa per.

STUDY SITES

Lakes lo cated in north ern (Os trow ite Lake), cen tral
(Goœci¹¿ Lake, Imio³ki- fossil Lake) and south ern (Per es -
pilno Lake, Przedni Staw Lake) Po land have been cho sen for
the dis cus sion (Fig. 1). Sedi ments of these lakes were care -
fully stud ied by multi- proxy pa leo lim no logi cal meth ods.

Os trow ite Lake

The lake is lo cated in “Bory Tu chol skie” Na tional Park.
It is one of the larg est lakes in this re gion (280.7 ha in area and 
maxi mum depth of 48 m). 14 m thick sedi ments were de pos -
ited in the deep est part of the lake. The ba sal part of sedi ments 
has been dated to the Younger Dryas. Cla do cera were ana -
lyzed from the en tire sedi ment se quence (G¹sior owski, Sze -
roc zyñska 2004, Milecka, Sze roc zyñska 2005).

Goœci¹¿ Lake

The lake is lo cated in cen tral Po land, in the Gostynin-
W³oc³awek Land scape Park. The sur face area of the lake is



45 ha and its maxi mum depth is ca. 28 m. The lake is unique
since there is a con tinu ous se quence of an nu ally lami nated
sedi ments. The Cla do cera were ana lyzed in sev eral cores.
The re sults ob tain from the core T1/90 (Toby³ka Bay) were
cho sen for the dis cus sion here. This se quence has a very clear 
rec ord of en vi ron mental and cli matic changes dur ing the
Late Gla cial (Ralska- Jasiewiczowa et al. 1998, Go slar et al.
1998, Sze roc zyñska, 1998a).

Imio³ki- fossil lake

The site (5 ha in area) is lo cated in the Led nica Land -
scape Park. It is lo cated close to Led nickie Lake and is ele -
vated 1 me ter over its wa ter level. The ba sin is filled up by
sedi ments de pos ited only dur ing the Late Gla cial and is over -
grown by mead ows (To bol ski et al. 1998, Pol cyn 1998).

Per es pilno Lake

The lake is lo cated in south east ern Po land, in the
£êczna-W³odawa Lake Dis trict. The lake has been in ten -
sively stud ied, since there are an nu ally lami nated sedi ments
de pos ited dur ing the Late Gla cial. Only the Holo cene part of
the sedi ment se quence has been stud ied for cla do ceran re -
mains so far (Ba³aga et al. 2002).

Przedni Staw Lake

This moun tain tarn is lo cated in the Ta tra Moun tains in
the Pol ish Five Tarns Val ley. The lake has a sur face area of
7.7 ha and its maxi mum depth is 35 m. The Cla do cera analy -
sis was per formed for min eral sedi ments of Late Gla cial age
and gyttja de pos ited dur ing the Holo cene (Kru pi ñski 1983,
Sze roc zyñska 1984).

CLI MATE PE RI ODS AND CLA DO CERAN
STRA TIGRA PHY – “ECOS TRA TIGRA PHY”

The Cla do cera – wa ter tem pera ture in ter ac tions have
been stud ied for many years. One of the first re search ers,

who in di cated the cor re la tion be tween Cla do cera fre quency
and cli matic con di tions, was De Costa (1964). Harms worth
(1968) clas si fied cla do ceran spe cies ac cord ing to their tem -
pera ture pref er ences into groups of arc tic, spe cies pre fer
cold- water and warm- water. Pata las (1990) who stud ied Ca -
na dian lakes, stated that cli mate was the most im por tant fac -
tor con trol ling zoo plank ton de vel op ment. In Pol ish stud ies,
Cla do cera analy sis fre quently has been used for cli matic re -
con struc tions (Sarmaja- Korjonen et al. 2003, Sze roc zyñska
1998a, b, Sze roc zyñska, G¹sior owski 2002).

The Late Gla cial

The Late Gla cial pe riod is rep re sented in all cla do ceran
stra tigra phies se lected for this re view. The cla do ceran spe -
cies com po si tion changed many times dur ing this pe riod, in -
di cat ing fre quent changes in tem pera ture. The cla do ceran
rec ord was closely re lated to lake ba thyme try and sedi men ta -
tion rates and in lay ers rich in or ganic mat ter ac cu mu lated in
a short time, a bet ter reso lu tion of the event was achieved by
high sedi men ta tion.

The low land lakes, op po site to the moun tain lakes, had
rela tively di verse zoo plank ton com mu ni ties dur ing the Late
Gla cial (Pol cyn 1998, Sze roc zyñska 1998a). High- reso-
lution stud ies of Late Gla cial se quences en abled dis cov er ing
of short- term tem pera ture fluc tua tions. Plant and ani mal re -
mains were very well pre served in sedi ments of Goœci¹¿
Lake (Fig. 2) and Imio³ki – fos sil site (Fig. 3). The de tailed
analy ses of these se quences en abled re con struct ing of en vi -
ron mental changes since the Bøl ling to the Holo cene. The
Older Dryas, usu ally dif fi cult to de fine by pol len analy sis, is
pos si bly re flected in the Cla do cera re mains. In Imio³ki, dur -
ing the Bøl ling/Al lerød in ter sta dial dis tin guished on the ba sis
of pol len analy sis (To bol ski et al. 1998), a clear sub phase of
less fa vor able con di tions for zoo plank ton (Fig. 3 – Cla do cera 
zone 4a) is re corded (Pol cyn 1998). Proba bly, this sub phase
re flects the cool Older Dryas pe riod. A simi lar event (Fig. 2)
was dis cov ered in sedi ments of Goœci¹¿ Lake (Toby³ka Bay), 
where a sig nifi cant de cline of cla do ceran fre quency is also
re corded be tween the Bøl ling and Al lerød pe ri ods (Sze roc -
zyñska 1998a). It was stud ied also by Hof mann in Lob si gen -
see in Swit zer land (Am mann et al. 1985) and by Ben nike et
al. (2004) in Bøl ling Sø in Den mark.

Moreo ver, spe cies pre fer ring warmer con di tions
(Camp to cer cus rec ti ros tris, Pleu roxus trigonel lus) oc curred
twice dur ing the next cold pe riod, the Younger Dryas. This
may indi cate that dur ing the Younger Dryas there were short
pe ri ods of milder cli mate con di tions. Simi lar tem pera ture
fluc- tua tions dur ing the Younger Dryas have been re corded
in oth ers sites in Europe. Dur ing these events also cla do ceran 
spe cies com po si tion var ied (Hof mann 1983, 2000, Lot ter et
al. 1997, 2000).

The most dis tinct change in Cla do cera taxa abun dance
and spe cies com po si tion was visi ble at the Late Gla -
cial/Holo cene tran si tion in all lakes. The warm cli mate at the
be gin ning of the Holo cene in duced in crease in wa ter tem -
pera ture and fa vor able con di tions for zoo plank ton. A rapid
in crease in spe cies di ver sity and number of in di vidu als was
re corded in both, moun tain and low land lakes. The number
of Cla do cera spe cies in creased from 2 to 12 in Przedni Staw
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Fig. 1. Lo ca tion of the lakes dis cussed in the pa per.
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Lake (Ta tra Moun tains) and the number of in di vidu als: Bos -
mina longi ros tris, Bos mina (Eubos mina) core goni and
Alonella nana in creased from sev eral hun dreds to sev eral
thou sands (in div. yr–1/cm2 of sedi ment) in Goœci¹¿ Lake
(Fig. 2). Simi lar changes in cla do ceran as sem blages at the
Late Gla cial to Holo cene tran si tion were dis cov ered by Dui -
gan and Birks (2000) in sedi ments of Kråke nes Lake in Nor -
way, and by Ben nike et al. (2004) in Den mark. Such a
dis tin guished change in cla do ceran rec ord can be used to dis -
tin guish a tran si tion from a cool pe riod to a warm pe riod.

The Holo cene

Pre bo real pe riod (10 000–9000 14C BP, chro no zones af -
ter Man ge rud et al. 1974)

Pol len and Cla do cera rec ords at the be gin ning of Holo -
cene are char ac ter ized by an in crease in the num bers of these
mi cro fos sils. Moreo ver, spe cies re quir ing bet ter ther mal
con di tions ap peared and Late- Glacial spe cies gradu ally dis -
ap peared (Ralska- Jasiewiczowa et al. 1998, Starkel 2002,
Starkel et al. 1998). The warmer cli mate and the in crease of
wa ter tem pera ture are re flected by the ap pear ance of not only 
nu mer ous chy do rids, but also of Bos mini dae spe cies. The
taxa pre fer ring higher tro phic level, i.e. Bos mina longi ros -

tris, Chy do rus sphaeri cus and Alona rec tan gula were nu -
mer ous in shal low and in deeper lakes (Fig. 2, 4, 5). Pe lagic
spe cies Bos mina long ispina and B. core goni as well lit to ral
chy do rids, which had been pres ent since the Late Gla cial, did 
also de velop (Fig. 2, 5). The ap pear ance of steno ther mal spe -
cies i.e. Camp to cer cus rec ti ros tris, Pleu roxus sp. and Alona
quad ran gu laris in di cate the warm ing of cli mate.

Bo real (9000–8000 14C BP)

Dur ing the Bo real pe riod a change of domi nance oc -
curred be tween Bos mina spe cies, es pe cially be tween forms
of Bos mina (Eubos mina) core goni-type, in some deeper
lakes, mainly in north ern Po land (e.g. Os trow ite Lake).
Moreo ver, Bos mina longi ros tris (in di ca tor of higher tro phy), 
which, to gether with many lit to ral spe cies, was the domi nant
dur ing the Pre bo real, gradu ally de creased. In late Bo real, the
Bos mina (Eubos mina) taxa domi nated, which pre ferred
oligo trophic con di tions (Flöss ner 1972, 2000), and lower pH 
(Nilssen, San døy 1986), sug gest ing al to gether a de crease of
tro phic state, and per haps an in crease of wa ter vol ume.
Proba bly, in flow of nu tri ents into the lakes was low dur ing
this pe riod and the tro phic state de creased (Lot ter, Bouch erle
1984, Zawisza, Sze roc zyñska 2005). The tro phic state
changed from meso- to oligo tro phy in Os trow ite Lake and
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Fig. 3. Dia gram of number of Cla do cera in di vidu als in the Late Gla cial sedi ments of Imio³ki – fos sil lake (Led nica Lan scape Park) (af ter
To bol ski et al. 1998, Pol cyn 1998).



from eutro phy to meso tro phy in Per es pilno Lake at that time
(Figs 4, 5). The lower tro phic state in both lakes is also sug -
gested by the lack of eutrophic Pe di as trum (Ba³aga et al.
2002, Milecka, Sze roc zyñska 2005). The simi lar re place -
ment spe cies of Bos mina longi ros tris to Eubos mina were ob -
served in this time in many other lakes in cen tral Europe
(Hof mann 1983, 1984).

At lan tic pe riod (8000–5000 14C BP)

In Po land this pe riod is of ten con sid ered as a time of
steady cli matic con di tions in the meso cratic stage of the
glacial- interglacial cy cle (Milecka, Sze roc zyñska 2005).
The cla do ceran rec ords sug gest that dur ing this pe riod fluc -
tua tions in tro phy and tem pera ture of wa ter were oc cur ring
(G¹sior owski 2002, G¹sior owski, Sze roc zyñska 2004, Hof -
mann 1998, Sarmaja- Korjonen 2002). The eco logi cal state
of lakes in the early At lan tic ap pears to have been simi lar to
that in the late Bo real. How ever, in more shal low lakes the
early At lan tic was char ac ter ized by a great di ver sity of spe -
cies, and in crease in tro phy (Fig. 4). Dur ing the late At lan tic
the fre quency of Bos mina core goni and B. long ispina in di -
vidu als in di cate de vel op ment of the pe lagic zone, and an in -
crease in wa ter vol ume. The high fre quency of ter mo phi lous
spe cies in di cates higher tem pera ture. Si mul ta ne ously, higher 
pro por tions of meso/eutrophic spe cies sug gest in creas ing
nu tri ent in flow. Cli mate was proba bly warm and hu mid, and
there fore edaphic and cli matic con di tions were the most fa -
vor able for zoo plank ton dur ing this pe riod. In south ern Fin -
land and Swe den at the be gin ning of the At lan tic chro no zone
the rise of wa ter level took place (Al honen 1972, 1986).

Dur ing the At lan tic pe riod, hu man ac tiv ity was re corded
in sedi ments of some lakes by the pres ence of pol len of
synan tropic plants (Ralska- Jasiewiczowa, van Geel 1998,
Milecka, Sze roc zyñska 2005, No ryœkiewicz 1995). Eutro-
phic Cla do cera spe cies ap peared at that time, as a con se -
quence of Neo lithic hu man ac tivi ties which caus ing higher
nu tri ent in put into the lakes. How ever, eutrophi ca tion at that
time could be an ef fect of both warm cli matic and an thro po -
genic fac tors (G¹sior owski, Na lepka 2003). The hu man ac -
tiv ity and its pos si ble role in in creas ing nu tri ent in flow into
lakes, makes cli matic re con struc tions based on Cla do cera
less re li able (Sze roc zyñska, 2002, 1998b, Sze roc zyñska,
Pol cyn 1998). How ever, the lakes cho sen for this re view
were proba bly still only slightly in flu enced by hu man ac tiv -
ity (Ba³aga 2002, Milecka, Sze roc zyñska 2005). There fore,
the in crease in meso- and eutrophic spe cies and the sug gested 
changes of the tro phic state, most proba bly were re flect ing
warmer and more fa vor able cli matic con di tions (Figs 4, 5).
The warmer cli mate dur ing the At lan tic caused over grow ing
of many shal low lakes and their trans for ma tion into peat
bogs (Sze roc zyñska, G¹sior owski 2002, Ba³aga et al. 2003,
Sze roc zyñska 2003, Starkel et al. 1998, Paj¹kowski un pub -
lished).

Sub bo real pe riod (5000–2500 14C BP)

A gen eral change in cla do ceran spe cies com po si tion was 
re corded in Os trow ite Lake and Per es pilno Lake. A de vel op -
ment to the maxi mum of eutrophic spe cies char ac ter ized the
be gin ning of the Sub bo real. The rise of Chy do rus sphaeri -
cus, Bos mina longi ros tris and re place ment of forms Bos mina 
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Fig. 4. Dia gram of number of Cla do cera in di vidu als in the Holo cene sedi ments of Per es pilno Lake (£êczna-W³odawa Lake Dis trict), with
tro phy and wa ter level os cil la tions (af ter Ba³aga et al. 2002).



core goni in di cate higher tro phy. Daph nia long ispina-group
was very abun dant. An in crease in Pe di as trum curve also
sug gests high tro phic state, but it is not pos si ble to de fine
whether it was in flu enced by cli mate or by hu man ac tivi ties
(Ba³aga 2002, Milecka, Sze roc zyñska 2005). A de crease in
Bos mina longi ros tris, to gether with a re peated change of
domi nance be tween Bos mina core goni – type as well as a de -
cline in Daph nia long ispina and Chy do rus sphaeri cus in the
early Sub bo real sug gest a de crease in the tro phic state
(G¹sior owski, Sze roc zyñska 2004). How ever, high pro por -
tions of pe lagic and steno ther mal spe cies sug gest a still mild
cli mate and high wa ter level. A de crease in many spe cies oc -
curred at the end of the Sub bo real. It could have been a re sult
of worse ther mal con di tions, in di cated also by a de cline in
steno ther mal spe cies. Wa ter lev els were proba bly high dur -
ing this pe riod.

Subat lan tic pe riod (2500 14C BP – to day)

The Bos mini dae spe cies domi nated, and chy do rids re -
corded dur ing the Sub bo real pe riod were still pres ent. The
meso trophic spe cies Monospi lus dis par had its maxi mum
abun dance dur ing this pe riod. Both the Per es pilno Lake and
the Os trow ite Lake were meso trophic, and proba bly the cli -
mate was hu mid and tem per ate. Spe cies as so ci ated with sub -
merged vege ta tion, e.g. Alona af fin is, A. quad ran gu laris and
Eurycer cus la mel la tus in creased gradu ally dur ing the late

Subat lan tic pe riod (Flöss ner 2000, Dui gan, Birks 2000),
proba bly in di cat ing de vel op ment of lit to ral zone (Fig. 4).
Higher pro por tions of eutrophic spe cies, i.e. Bos mina longi -
ros tris and Chy do rus sphaeri cus in sedi ments of shal lower
lakes (e.g. Per es pilno Lake), sug gest in creas ing in put of nu -
tri ents, proba bly re lated to hu man ac tiv ity in the catch ment.
An en tirely dif fer ent de vel op ment oc curred in Os trow ite
Lake dur ing the early Subat lan tic pe riod (cla do ceran phase
7b). At that time, lit to ral spe cies de creased there and some
eutrophic spe cies (i.e. Ley digia sp., Alona rec tan gu la) dis ap -
peared com pletely. The ab sence of these spe cies and the de -
cline of in di ca tors of eutro phy (Bos mina longi ros tris and
Chy do rus sphaeri cus) sug gest that (dur ing the cla do ceran
phase 7b) wa ter level dropped and the tro phic state in Os -
trow ite Lake changed to oligo tro phy/meso tro phy, the same
as pres ently. The un changed tro phic state dur ing the last mil -
le nium sug gests that the lake has not been highly in flu enced
by hu man ac tiv ity and that the state of tro phy was con trolled
by cli mate. Con se quently, cli mate was cooler and more hu -
mid in north west ern Po land than in the south east ern part of
the coun try, in di cated by a dif fer ence in mire de vel op ment.
In the £êczyca-W³odawa Lake Dis trict (south east ern Po -
land, Per es pilno Lake) wide spread, poor in wa ter peat bogs
were formed. In the peat bogs of the Tu chola Pine For est
(north west ern Po land, Os trow ite Lake) wa ter level was fre -
quently so high that cla do ceran fauna recolo nized the many
peat bogs (Paj¹kowski, un pub lished).
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Fig. 5. Diagram of number of Cladocera individuals in the sediments of Ostrowite Lake (“Bory Tucholskie” National Park), with trophy
and water level oscillations (after Milecka, Szeroczyñska 2005).



CON CLU SIONS

The spe cies com po si tion and fre quency of Cla do cera in -
di cate that cli mate played a ma jor role in the de vel op ment of
lakes dur ing the Late Gla cial and the Holo cene. How ever, a
dif fer ent en vi ron mental set ting and ba thyme try of the stud -
ied lakes also con trolled their de vel op ment. Changes in sub -
fos sil Cla do cera spe cies com po si tion and fre quency
re flected cli matic con di tions in moun tain and low land re -
gions dur ing the last 13,000 14C yr BP. This sug gests a good
cor re la tion be tween zoo plank ton and cli mate and the use ful -
ness of “ecos tra tigra phy”, based on Cla do cera analy sis, in re -
con struct ing past cli mate. Only high in flow of nu tri ents into
lakes, re sult ing from hu man ac tivi ties, may dis tort the in ter -
pre ta tions. Gen er ally, be fore the Mid dle Ages the in flu ence
of small set tle ments could not im pact large lakes. The strong
in crease in the tro phic state, visi ble in the up per most sedi -
ments of the stud ied lakes was a re sult of the more in ten sive
hu man ac tiv ity since the Mid dle Ages. There fore, the nu tri -
ent load- induced in crease in eutrophic spe cies pre vents the
use of Cladocera- based cli mate re con struc tion for this pe -
riod. In spite of this, the Cla do cera seem very use ful for cli -
mate re con struc tions. The clear re la tion ship be tween the
rela tive pro por tion of plank tonic and lit to ral Cla do cera
forms, in com par ing with Late Gla cial and Holo cene cli matic 
his tory, dem on strate wa ter level os cil la tions cor re lated with
dry and moist pe ri ods (Al honen 1986).

To sum up, fluc tua tions in the cla do ceran stra tigra phy
(“ecos tra tigra phy”) can be cor re lated with the cli mate his -
tory. The spe cies com po si tion of Cla do cera dur ing the Late
Gla cial dif fer en ti ated ac cord ing to the tem pera ture changes,
and it was the rich est dur ing the pe riod of Bøl ling and Al lerød. 
The di chot omy of the in ter sta dial Bøl ling/Al lerød was
marked in the ma jor ity of lakes by the col lapse in the de vel -
op ment of Cla do cera spe cies. A ques tion re mains open
whether this rec ord il lus trates the cool or the drain age pe riod. 
Dur ing the Late Gla cial in the moun tain lakes the spe cies
com po si tion was very poor, there were pres ent only the spe -
cies con sid era bly tol er ant for the cold wa ter (so called “ar tic
spe cies”). In the lakes situ ated at lower al ti tudes the spe cies
com po si tion was richer and ade quate to the mor phol ogic lake 
type. The be gin ning of the Holo cene, in low land and moun -
tain lakes, was char ac ter ized by high con cen tra tions of Cla -
do cera re mains, sug gest ing warm ing of cli mate. Dur ing the
Holo cene, the de vel op ment of Cla do cera was char ac ter ized
by dis tinct changes in plank tonic and chy do rid spe cies di ver -
sity. The di ver sity in creased in the Pre bo real, slightly de -
creased in Bo real and in creased to the high val ues in the late
At lan tic, early Sub bo real and late Subat lan tic pe ri ods.
Proba bly, good con di tions for liv ing zoo plank ton were in flu -
enced by mild, hu mid cli mate and nu tri ents in flow. A sud den
in crease of spe cies in di cat ing an ex ces sive in flow of nu tri -
ents pro vok ing ris ing tro phy, might have been a re sult of hu -
man ac tiv ity.

Re cent stud ies in di cate the sig nifi cance of Cla do cera in
pa leo cli matic in ves ti ga tion (Kor hola et al. 2000, Lot ter et al.
2000). Hof mann (Lot ter et al. 2000) us ing linear- and
unimodal- based in fer ence mod els for the Late Gla cial and
the Holo cene sedi ments of Ger zen see (Swit zer land),
stressed the im por tant role of the cla do ceran stra tigra phy for

re con struc tion of mean sum mer tem pera tures. How ever, one
should re mem ber that Cla do cera eas ily adapt to en vi ron -
mental con di tions, and so the Cla do cera analy sis rather in -
forms about trends in tem pera ture changes than about past
tem pera ture val ues. Nev er the less, in Ger zen see the pol len
and Cla do cera trans fer func tion re sults, cher ish hopes of a
rela tively re al is tic model for cli mate re con struc tion.
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