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Ab stract
This pa per pres ents de vel op ment of the paleolake Starowlany ex ist ing in the Eemian Inter gla cial (MIS 5e) in north -
east ern Po land. The lake his tory is based on Cladocera anal y sis. The paleolake Starowlany is lo cated in the cen tral part 
of the Sokó³ka Hills, ap prox i mately 9 km north of the town of Sokó³ka in the North Podlasie Low land. The sed i ments
stud ied filled a south ern part of a tun nel val ley formed dur ing the Warta Gla ci ation. The cor ing was car ried out with a
geo log i cal drill ing and con sti tuted a part of the frame work aimed at pre par ing the Sokó³ka sheet for the De tailed Geo -
log i cal Map of Po land in scale 1:50 000. The core was 7 m long. Peaty silt, peats and or ganic silt were pres ent at the
depth of 4.0–6.6 m, un der deluvial sands, tills and silt. Or ganic se ries was over lain by a clayey silt with no gla cial
cover. Cladocera anal y sis was con ducted with 20 sam ples from a depth in ter val 6.6–4.1 m. Re mains of 17 spe cies of
Cladocera were found, rep re sent ing the fam i lies: Chydoridae, Sididae and Bosminidae. A vast ma jor ity of them were
the lit to ral spe cies. In the paleolake Starowlany four de vel op ment zones were dis tin guished that re flected changes as
re gards tem per a ture, trophic lev els and changes of wa ter level in the lake. The paleolake ex isted from the early un til
the mid dle Eemian. The high est wa ter level and the most fa vor able con di tions for zoo plank ton de vel op ment oc curred
in zones SCZ I and II. The high est trophic level took place in SCZ III (mid dle Eemian). In the late Eemian the wa ter
level dropped and the paleolake was trans formed into a wet land. At cer tain points, the higher wa ter level en abled ex is -
tence of a few Cladocera spe cies. The rea sons for dis ap pear ance of the paleolake Starowlany in cluded a lo cal de crease 
in ground wa ter lev els as well as morphometric and geo log i cal char ac ter is tics of the lake.
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IN TRO DUC TION
Func tion ing of lakes is a short-term phe nom e non in a

geo log i cal time scale. Emerg ing of lakes in a tem per ate zone
was con nected in the Pleis to cene with cli mate change, with -
drawal of gla ciers and aris ing of nu mer ous land de pres sions
where wa ter could col lect. From the be gin ning of their ex is -
tence, lakes grad u ally trans formed: they were grad u ally
filled with sed i ments and over grown with plants; trophic
con di tions, wa ter chem is try and or gan isms in hab it ing the
lakes were also a sub ject to change. These pro cesses could
re sult in a com plete dis ap pear ance of a lake (Zhang et al.,
2012). In nat u ral cir cum stances, such pro cesses take place
very slowly, but hu man ac tiv ity makes them hun dreds or
even thou sands of times quicker (Kajak, 2001).

Lakes con sti tute an ex cel lent ar chive, ac cu mu lat ing re -
mains of a chang ing en vi ron ment and re cord ing suc ces sive
stages of the nat u ral his tory. Thanks to paleolimnological re -
search, it is pos si ble to trace back the en vi ron men tal changes
that ac com pa nied an evo lu tion of lakes. Bi o log i cal re mains

are pre served in lake sed i ments and can be used as a “proxy”
to de ter mine en vi ron men tal con di tions.

Re mains of Cladocerans are an im por tant paleolimnolo-
gical proxy. Cladocera (Crustacea) are small aquatic or gan -
isms be long ing to zoo plank ton and zoobenthos (Rybak and
B³êdzki, 2010). They are an im por tant part of a lake bioceno-
sis as a whole. Their di ver sity and sen si tiv ity to en vi ron men -
tal changes, as well as a con tem po rary knowl edge on ecolo-
gical re quire ments of in di vid ual spe cies, make Cladocera a
very good in di ca tor of changes that have oc curred in a lake
en vi ron ment and its sur round ings (Szeroczyñska, 1985).
A number of re search cen ters in Po land and all over the world 
have ex am ined re mains of fos sil Cladocera for over 90 years.

Sed i ments from be fore the Ho lo cene have been stud ied
since the six ties of the twen ti eth cen tury. Frey (1962) was the
pi o neer in re search of the Eemian Cladocera in Dan ish lakes.
Over the years, fos sil Cladocera were an a lyzed in other re -
search sites of the Eemian Inter gla cial, namely in Ja pan
(Tsukada, 1972; Kadota, 1975) and Can ada (Hann and Kar-



row, 1984, 1993). In Po land, the first stud ied sed i ments of the 
Eemian were those of the Konin pro file (Tobolski, 1991).

The Eemian Inter gla cial was the last warm pe riod be fore
the Vistulian Gla ci ation Weichselian). As re ported by Hearty 
et al. (2007), it be gan 130 000 years ago and lasted un til
119000 years ago. It is be lieved to be re lated with MIS 5e, the 
pe riod of global sea-level rise de ter mined based on anal y sis
of ox y gen iso topes from deep-sea sed i ments (Hearty et al.,
2007).

In Po land, a de vel op ment of lake en vi ron ments was sub -
ject to ice sheet re treat of the Warta Gla ci ation. In the Pod-
lasie re gion, there are traces of a lake dis trict with nu mer ous
wa ter bod ies in many land de pres sions (Boratyn, 2006).

In the con tem po rary inter gla cial (Ho lo cene), an in creas -
ing hu man inmpact upon the en vi ron ment has caused a dis -
rup tion of nat u ral eco sys tem pro cesses. The anal y sis of the

en vi ron men tal vari abil ity dur ing the pres ent inter gla cial pe -
riod un af fected by hu man ac tiv ity en ables learn ing about nat -
u ral paleoenvironmental changes mod eled by global and
re gional cli ma tic fac tors (Cheddadi, et al., 1998).

The aim of the pres ent study is a re con struc tion of evo lu -
tion of the Lake Starowlany, as well as es tab lish ing rea sons
of its terrestrialization in the light of cli ma tic and en vi ron -
men tal changes dur ing the Eemian Inter gla cial, based on the
Cladocera anal y sis.

The re sults ob tained en abled to de ter mine changes of
wa ter level, tem per a ture and lake fer til ity, which had been
tak ing place un der the in flu ence of nat u ral pro cesses.

MA TE RI ALS AND METH ODS

Study site

Sokó³ka Hills are lo cated within North Podlasie Low -
land in the north-east ern part of Po land (Fig. 1). In the cen tral
part of Sokó³ka Hills, ap prox i mately 9 km north of the town
Sokó³ka, the Lake Starowlany site is lo cated (53°30'N,
23°23'E; 172 m a.s.l.). The palaeolake in which the study was 
car ried out is lo cated about 50 m to the west of the Staro-
wlany-Pop³awce road (Fig. 2). The sed i ments stud ied fill a
south ern part of the gla cial tun nel that was formed dur ing the
Warta Gla ci ation. The paleolake ba sin ex tends over an area
of 700 m × 400 m (Kupryjanowicz, 2008).

Li thol ogy

The cor ing was car ried out with a geo log i cal drill and
con sti tuted a part of the frame work dur ing elab o ra tion of the
Sokó³ka sheet for the De tailed Geo log i cal Map of Po land in
scale 1:50 000 (Boratyn, 2003, 2006). The se quence obtai-
ned was 7 m long (Tab. 1). Peaty silts, peats and or ganic silts
were pres ent at the depth of 4.0–6.6 m, un der deluvial sands,
tills and silts. Or ganic se ries were cov ered by clayey silts.
A char ac ter is tic fea ture of such set ting of the Eemian de pos -
its (as well as in other sites in the area) is a lack of gla cial cover.
It sup ports a view of a lack of cov er ing of the Bia³ystok Up land
and Sokó³ka Hills by the last Scan di na vian ice sheet (Krzy-
wicki, 2006). The Cladocera sam ples were col lected at depth of
6.70–4.10 m. The ma te rial was dried and strongly com pacted,
which made it im pos si ble to col lect vol ume sam ples.

Meth ods

The Cladocera anal y sis was per formed us ing 20 sam ples 
col lected in ir reg u lar in ter vals (10–20 cm) from the depth
4.0–6.6 m. The sam ples of 1g, were pre pared ac cord ing to a
slightly mod i fied stan dard pro ce dure (Frey, 1986, Korhola
and Rautio, 2001). Af ter re moval of car bon ates us ing HCl,
each sam ple was boiled in 10% KOH for 20 min utes. Af ter
wash ing the res i due with dis tilled wa ter, it was sieved
through a 40-µm mesh sieve. A fine ma te rial was trans ferred
into a polycarbon test tube. Prior to count ing, the re mains
were col ored with safranine T. The anal y sis with mi cro scope
was per formed us ing a Nikon model ECLIPSE Ci-L. The
prep a ra tions were an a lyzed us ing mag ni fi ca tions ×10, ×40
and ×60 (Fig. 3). Nikon mi cro scope cam eras were used to
take pho to graphs. A min i mum of 200 re mains of Cladocera
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Fig. 1. Lo ca tion of the Eemian sec tion Starowlany in north east -
ern Po land.

Fig. 2. Lo ca tion of the Starowlany site. 1 – stud ied pro file, 2 –
roads, 3 – stream (Kupryjanowicz, 2008).



(3–8 slides) were ex am ined in each sam ple. Firstly, all re -
mains from each slide were counted (headshield, shell,
postabdomen, postabdominal claws, and an ten nules) and
then con verted to a sin gle Cladocera spec i men. The iden ti fi -
ca tion and eco log i cal in ter pre ta tion of the Cladocera re mains 
were con ducted on the ba sis of stud ies of Duigan (1992),
Frey (1958, 1962), Goulden (1964), Hofmann (1986, 2000),
Korhola (1990), Flössner (2000) Szeroczyñska (1985,
1998b), and Szeroczyñska and Sarmaja-Korjonen (2007).

Re sults of Cladocera anal y ses are pre sented as a con cen -
tra tion di a gram (Fig. 4), a per cent age di a gram (Fig. 5), a to tal
num ber of Cladocera in di vid u als and a num ber of spe cies in -
clud ing their biodiversity (Fig. 6). The nu mer i cal anal y sis
was de ter mined by con strained sin gle link clus ter anal y sis
(ConSlink – square-root trans for ma tion of % data) us ing the
POLPAL com puter pro gram (Nalepka and Walanus, 2003).

The Cladocera spe cies were di vided into three hab i tat
pref er ence groups: bot tom-dweller spe cies, spe cies as so ci -
ated with veg e ta tion, spe cies re stricted to veg e ta tion (Kor-
hola, 1990; Flössner, 1964; White side, 1970; Hofmann,
1987; White side and Swindoll 1988). They were also di -
vided into plank tonic (off shore) and lit to ral (meiobenthic)
groups (Mueller, 1964).

Pol len anal y sis was con ducted by Daniluk (2005) and
Kupryjanowicz (2008). Bas ing on this anal y sis, seven lo cal
pol len as sem blages zones (L PAZ) were de ter mined for the
Starowlany sec tion, cor re lated with re gional pol len as sem -
blages zone (R PAZ) (Mamakowa, 1989) (Fig. 6). The stra -
tig ra phy of the Starowlany sec tion used in the Cladocera
anal y sis was based on re sults of a palynological anal y sis.

RE SULTS

In the sed i ments of the Starowlany pro file, re mains of 17
spe cies of Cladocera were found. They be longed to three
fam i lies: Chydoridae, Sididae and Bosminidae. Among the
spe cies, a vast ma jor ity were the ones from a lit to ral zone
(16) and Eubosmina coregoni only could be counted as a pe -
lagic spe cies.

The Eemian re mains in the Starowlany sec tion were
poorly pre served, largely dam aged, torn, with a poorly
marked char ac ter is tic struc ture of dor sal car a paces and head
shield. The im pact on the con di tion of the re mains had their
age and a sig nif i cant dry sludge dur ing stor age (Fig. 3). Re -
mains of Cladocera de ter mined in sed i ments are sim i lar to
the con tem po rary spe cies in Po land (Szeroczyñska, 1998a).

On the ba sis of changes in fre quency and num ber of spe -
cies and spec i mens of Cladocera as well as in di ca tor spe cies,
four main zones of the Cladocera suc ces sion were de ter -
mined.

Zone I (SCZ I) (6.70–6.30 m): seven Cladocera spe cies
were de ter mined. A to tal fre quency amounted to 200–500 in -
di vid u als per 1g of sed i ment (Fig. 6) and it was char ac ter ized
by a down ward trend. At first, Chydorus sphaericus dom i -
nated, with 90% con tri bu tion (Fig. 5). At the be gin ning of
first zone, re mains of the Acroperus harpae, small Alona and
Alonella nana were also pre served (Fig. 4). How ever, their
con tri bu tion was scarce. Next, the fre quency of the fol low ing 
spe cies in creased: Alona affinis (up to 50%), Eurycercus
lamellatus (up to 20%) and Sida crystallina (up to 15%) ex -

ist ing among the aquatic veg e ta tion of clear and calm wa ters
(Flössner, 1972).

Zone II (SCZ II) (6.30–5.95 m) – a num ber of de ter -
mined spe cies in creased up to 10. A gen eral fre quency of in -
di vid u als de creased in com par i son with the zone I and was
equal from 200 to 300 in di vid u als per 1g of sed i ment (Fig. 6). 
At the be gin ning of this zone, re mains of the fol low ing spe -
cies were de ter mined: Chydorus sphaericus (45%), Euryce-
rcus lamellatus (25%) and a few re mains of tran siently oc -
cur ring Eubosmina coregoni as so ci ated with a pe lagic zone.
As well as this, pres ence of Acroperus harpae, Alona affinis,
Camptocercus rectirostris and Sida crystallina was noted. In
the fi nal subzone, re mains of Alonella exigua, small Alona
and Leydigia acanthocercoides oc curred (Fig. 4).

Zone III (SCZ III) (5.95–5.00 m): the larg est fre quency
of re mains and the larg est num ber of spe cies was noted. Due
to the dif fer ences in fre quency of Cladocera in di vid u als,
three subzones were dis tin guished:

Subzone a (5.95–5.55 m) – the larg est to tal fre quency of
in di vid u als was noted, with 1100 indviduals per 1g of sed i -
ment (Fig. 6). A num ber of pre served spe cies de creased to
seven. The larg est fre quency was noted of Chydorus sphaeri- 
cus (approx. 40%), Acroperus harpae (approx. 50%), Alona
affinis (approx. 10-30%) and small Alona (approx. 15%)
(Fig. 5). At the be gin ning of the subzone a, Acroperus
elongatus oc curred with a spe cies dwell ing in the bot tom and
in a fi nal part of the subzone a, the spe cies Alonella excisa
and Pleuroxus trigonellus were noted, how ever their con tri -
bu tion was scarce (Fig. 4).

Subzone b (5.55–5.40 m) – a sig nif i cant de crease in a
num ber of pre served spe cies was noted (to 5) and a de crease
of to tal fre quency of Cladocera in di vid u als to 300/1g of sed i -
ments (Fig. 6). A fre quency of in di vid u als of all spe cies de -
creased. The dom i nant spe cies were Acroperus harpae (up to 
45%) and Alona affinis (up to 30%). Alonella excisa, Euryce- 
rcus lamellatus and small Alona were those of smaller con tri -
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Ta ble 1
Li thol ogy of the Starowlany sec tion

(Boratyn, 2006; Kupryjanowicz, 2008)

Depth (m) Sed i ment de scrip tion

0.00–0.80 fine sand, rust

0.80–2.80
till-sandy sed i ment with gravel, deluvial, hor i zon tally
strat i fied, brown-ol ive

2.80–3.60 fine and me dium sand, dark grey

3.60–4.00 clayey silt, dark grey

4.00–4.50
clayey silt with high con tent of or ganic mat ter, dark
brown

4.50–4.85 clayey silt, dark brown

4.85–5.30 peaty silt, very dark brown

5.30–5.50 peat, weakly de com posed, brown

4.85–5.30 peaty silt, very dark brown

5.30– 5.50 peat, weakly de com posed, brown

5.50–6.10 peat, highly de com posed, dark brown

6.10–6.45 peaty silt, very dark grey

6.45–6.60 or ganic silt, clayey, plas tic, grey-black

6.60–7.00 clayey silt, dark grey

7.00–8.50 clayey silt, grey



bu tion (Fig. 4). The spe cies of Pleuroxus trigonellus and
Chydorus sphaericus with drew.

Subzone c (5.40–5.00 m) – a re newed in crease in fre -
quency of in di vid u als was noted, as well as re turn of spe cies

of the subzone a and emer gence of new Cladocera spe cies.
The subzone c in di cates a max i mum num ber of spe cies in the
sec tion, bear ing ev i dence of high biodiversity with 14 Clado- 
cera spe cies. A gen eral fre quency in creased up to 1100 in di -
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Fig. 3. Subfossils Cladocera re mains from the Starowlany sec tion.



vid u als per 1g of sed i ment (Fig. 6). The dom i nant spe cies in
the subzone were: Acroperus harpae (approx. 520 ind/1g),
Alona affinis (approx. 170 ind/1g) and Graptoleberis testudi- 
naria (approx. 120 ind/1g), achiev ing max i mum fre quency.
At the be gin ning of the subzone the fol low ing spe cies were
pre served in the sed i ments: Acroperus elongatus, Pleuroxus
trigonellus, Alonella excisa, Eurycercus lamellatus and
small Alona. Af ter their with drawal, Pleuroxus laevis, Alo-
nella nana, Camptocercus rectirostris, Alona rustica and
Alona exigua ap peared. The fi nal pe riod of the subzone was
char ac ter ized by a re turn of small Alona, Alonella excisa and
Chydorus sphaericus. The subzone c ter mi nated with a with -
drawal of all spe cies (Fig. 4).

Zone IV (SCZ IV) (5.00–4.10 m) – a num ber of pre -
served spe cies de creased to four. A to tal fre quency was very
low, up to 115 in di vid u als per 1g of sed i ment (Fig. 6). In this

zone, re mains of the spe cies Alona affinis, small Alona,
Chydorus sphaericus and Acroperus harpae were pre served. 
The zone is char ac ter ized by a dis con tin u ous re cord of
Cladocera. At the depth of 500–485 cm, 435–425 cm and
460–445 cm no re mains of Cladocera were pre served.

DIS CUS SION

Re con struc tion of de vel op ment of the palaeolake
Starowlany

Eco log i cal pref er ences of Cladocera were used to re con -
struct changes in wa ter level, tem per a ture and trophic sta tus
of the lake wa ter. Fau nal re sults were com pared with palyno-
log i cal data of Kupryjanowicz (2008) and Daniluk (2005).
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Fig. 4. Di a gram of the ab so lute num ber of Cladocera in di vid u als in sed i ments of the Starowlany sec tion.



Early Eemian (St-1, St-2 L PAZ, Kupryjanowicz
2008)

Bas ing on palynological stud ies, the age of sed i ments in
the low est, bot tom part of the Starowlany pro file, was es tab -
lished as early Eemian (L PAZ St-1, R PAZ - E1; Kupryjano-
wicz 2008). The sed i ments from this pe riod con tain re mains
of pi o neer spe cies of Cladocera (SCZ I), be long ing to the
so-called “arc tic spe cies”: Chydorus sphaericus, Alona affi-
nis, as well as three other spe cies en dur ing low tem per a tures:
Acroperus harpae, Alonella nana and Eurycercus lamellatus
(Hofmann, 2000). It in di cates low wa ter tem per a ture of the
lake Starowlany in the ear li est stud ied pe riod. Af ter wards, a
wa ter tem per a ture in creased, en abling set tle ment of the lake
by spe cies more demandant in terms of tem per a ture: Sida
crystallina (Rybak and B³êdzki, 2010). High fre quency of
Chydorus sphaericus may in di cate a higher trophic level of
the lake wa ter. De fi ciency of bot tom-dwell ing spe cies can be

as so ci ated with a higher wa ter level of the lake. Palynolo-
gical stud ies of wa ter and rushes in the sec tion in di cate a
depth of the then lake (max i mum 6 m). Pol len anal y sis of for -
est com mu ni ties in di cates a bo real na ture of the cli mate in
this phase (Daniluk, 2005).

The next phase of lake de vel op ment (SCZ II, L PAZ
St-2, R PAZ E2/E3) falls on inter gla cial tran si tion from its
early to mid dle phase, but a tran si tion point is dif fi cult to de -
ter mine. Ini tially, in this phase there was a change in spe cies
com po si tion. Some spe cies with drew and were re placed by
the only spe cies found that rep re sented deep-wa ter dwell ers:
Eubosmina coregoni (Korhola, 1990). This change of spe -
cies com po si tion could in di cate deep en ing of the lake, which
ap pears con sis tent with a gen eral trend of de vel op ment of
res er voirs in the north ern Podlasie. The trend was that lakes
in the north ern Podlasie grad u ally deep ened, be cause of con -
tin u ous sup ply with wa ter from melt ing gla ciers, higher rain -
fall and pos si bly, a higher ground wa ter level (Kupryjano-
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Fig. 5. Per cent age Cladocera di a gram of the Starowlany sec tion



wicz, 2008). Nev er the less, in sed i ments at the depth of 6.15 m
there was a mix ing of ma te rial. There was a layer of peaty silt
and sand in serts and prob a bly no sed i ments from E3 (Kupryja- 
nowicz, 2008). Such sit u a tion does not al low to state a clear
con clu sion on a depth of the lake.

Mid dle Eemian (SCZ II, III; L PAZ St-3, St-4,
St-5, R PAZ E3-E5, Kupryjanowicz 2008)

A be gin ning of the mid dle Eemian (L PAZ St-4) was as -
so ci ated with def i nite im prove ment in liv ing con di tions of a
zoo plank ton in the res er voir (SCZ II – the sec ond half) as ev i -
denced by in creased spe cies di ver sity. The Camptocercus
rectirostris spe cies with higher ther mal re quire ments appea-
red (Hofmann, 2000). Its co-ex is tence with the spe cies of
Sida crystallina, as well as oc cur rence of Pleuroxus trigonel- 
lus and Acroperus elongatus (SCZ IIIa) sug gest a ris ing wa -

ter tem per a ture and cli mate warm ing. There was also an in -
crease in fer til ity of the lake as ev i denced by pres ence of
Leydigia acanthocercoides spe cies (Frey, 1986) and Alo-
nella exigua, which is the in di ca tor of b-mesotrophy in a lake
(Adamska and Mikulski, 1968 ). The sub se quent zone (SCZ
IIIa) brought fur ther im prove ments of liv ing con di tions and
in crease of a trophic level in the lake. In this phase there was
the high est fre quency of in di vid u als of Cladocera. Prob a bly,
there could have been a de crease of a wa ter level, as ev i denced
by in crease in a fre quency of bot tom-dwell ing spe cies (A.
elongatus, P. trigonellus) and a layer of peat pre served in the
sed i ments. The sec tion con tain Typha latifolia and Nympha
alba (St-4 L PAZ) that pres ent shal low coastal habitats con ve -
nient for these plants, while abun dance of al gae Pediastrum
du plex,  Pediastrum boryanum and Botryococcus is char ac ter -
is tic of eutrophic res er voirs (Daniluk, 2005). All this in di cates
the lake ten dency to over grow and shal low ness.
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Fig. 6. Di a gram of the to tal num ber of Cladocera spec i mens, num ber of spe cies and Shan non-Wiener biodiversity in dex in the Starowlany 
sec tion



The next phase (SCZ IIIb, L PAZ St-5) brought a dete-
rioration of liv ing con di tions in the lake. Both a fre quency of
in di vid u als and a num ber of Cladocera spe cies de creased. No 
spe cies of Cladocera de mand ing a higher wa ter tem per a ture
were found; but this fact does not give di rect in for ma tion
whether the de te ri o ra tion was caused by fur ther low er ing of
wa ter level (which could be also in di cated by peat layer de -
po si tion) or per haps was a re sult of a mid dle-inter gla cial
cool ing (Cheddadi et al., 1998). In this zone (St-5) there was
vir tu ally no aquatic plant pol len in the sed i ments (Kupryja-
nowicz, 2008). Af ter de te ri o ra tion, a re newed im prove ment of 
liv ing con di tions in the res er voir oc curred (SCZ IIIc). A wa ter
tem per a ture was high enough to be suit able for de vel op ment
of Cladocera spe cies of higher ther mal re quire ments: Campto- 
cercus rectirostris, Pleuroxus laevis Pleuroxus trigonellus,
Grabtoleberis testudinaria (Poulsen, 1944). More over, pres -
ence of G. testudinaria in di cates a higher con tent of in sol u ble
or ganic mat ter in the wa ter. This spe cies is also fre quently
found in peatlands (Duigan, 1992). A trophic sta tus reached a
eutrophic level, as ev i denced by com po si tion of the Clado-
cera spe cies. The lake en abled de vel op ment of the larg est
group of spe cies, as ev i denced by high est lev els of biodiver-
sity of Cladocera. Grad u ally, the con di tions changed. Fur ther 
spe cies with drew from the lake. The end of the mid dle
Eemian was as so ci ated with a to tal lack of re mains of Clado-
cera in the sed i ments. At the depth of 5 m, re mains of Cla-
docera were only spo rad i cally iden ti fied. The sec ond half of
the palynological level E5 was as so ci ated with a strong de -
crease in the wa ter level in the res er voirs of the north ern
Podlasie (Kupryjanowicz, 2008). It was a pos si ble rea son for
tem po rary dis ap pear ance of the lake and its trans for ma tion
into wet land.

Late Eemian (SCZ IV; L PAZ St-6, St-7)

Pre served re mains were spe cies re sis tant to en vi ron men -
tal stress, such as Acroperus harpae, Alona affinis, small
Alona and Chydorus sphaericus, which was the last to with -
draw. Pe ri odic pres ence of Cladocera and a break in its suc -
ces sion may in di cate a tem po rary, short-term in crease of a
wa ter level, which en abled ex is tence of most re sis tant spe -
cies. Re mains of Cladocera oc curred to the depth of 4.15 m in 
peat and peaty silts as well as or ganic silts. Above this depth,
there were no Cladocera re mains noted, which may in di cate
the ter mi na tion of the lake. A dis ap pear ance of the lake was
prob a bly as so ci ated with its over grow ing with plants and
fill ing with or ganic sed i ments, as well as with a sup ply of ma -
te rial de rived from the hills sur round ing the lake.

The de vel op ment re con struc tion pre sented above re fers
to the part of Starowlany from which the core was se lected for
the anal y sis. Un for tu nately, there is no in for ma tion whether it
was the deep est part of the lake or a shal low bay which had
un der gone terrestrialization. The high est wa ter level prob a -
bly pre vailed in the early Eemian. The in creased tem per a ture
in the mid dle Eemian and lo cal con di tions of the po si tion and
sup ply led to the grad ual shallowing of the lake and its trans -
for ma tion into a wet land with tem po rary in creases of the wa -
ter level.

Starowlany paleolake de vel op ment as com pared
with the Eemian and Ho lo cene paleolakes
in Po land

The de vel op ment of Starowlany re con structed based on
the Cladocera suc ces sion, bears re sem blance to evo lu tion of
other Pol ish Eemian lakes. The end of the Warta Gla ci ation
and the early Eemian were con nected with for ma tion and
grad ual deep en ing of lakes; their wa ters were cool and with
low trophic lev els (Niska, 2005). In the Lake Starowlany,
just as in S³awoszewek in the Konin re gion (Pawlowski,
2011), Imbramowice in the Sudeten Foot hills (Miros³aw-
Grabowska and G¹siorowski, 2010), Lake Kub³owo (Niska
and Ro man, 2014), as well as at Besiekierz, (Miros³aw-Gra-
bowska and Niska, 2005), Studzieniec and the closely lo -
cated Lake Solniki (Niska, 2008,) the pi o neer spe cies dom i -
nated, in hab it ing lit to ral zones, as so ci ated with aquatic vege- 
tation and char ac ter ized by high tol er ance to low tem per a -
tures. Grad u ally, to wards the end of the early Eemian, the
spe cies with higher ther mal and trophic lev els re quire ments
ap peared. Im proved con di tions first oc curred in cen tral Po -
land in lakes Kub³owo, Studzieniec (Miros³aw-Grabowska
and Niska, 2007), Kuców IIc and Besiekierz. In the lakes lo -
cated in the south (Imbramowice) and in north (Rzecino:
Niska and Miros³aw-Grabowska, 2014), as well as in east ern
Po land (Starowlany and Solniki), im proved cli mate con di -
tions did not oc cur un til the mid dle Eemian. With cli mate
change, wa ter level changed as well. The ini tially cool and
hu mid cli mate of the early Eemian, con stant sup ply of melt-
wa ters and high ground wa ter level, pro vided a high level of
wa ter in the res er voirs (Kupryjanowicz, 2008). Grad ual war-
ming un til a cli max in the op ti mum (mid dle Eemian) (Zag-
wijn, 1996), a lack of melt wa ter sup ply and low er ing ground -
wa ter level caused sig nif i cant de crease of wa ter lev els in the
Eemian lakes.

Ini tially, there was a sig nif i cant im prove ment in edaphic
con di tions, a di ver sity of spe cies in creased and the ap pear ing 
spe cies were more de mand ing. In some res er voirs, how ever,
these changes, ben e fi cial at first, proved to be crit i cal.

In most of the an a lyzed Eemian lakes (Kuców IIc, Stu-
dzieniec, Solniki, S³awoszewek) there was a drop in wa ter
level of which can be noted in chang ing com po si tion of the
re mains of Cladocera spe cies and peat layer de pos its in lake
sed i ments. Low er ing of wa ter level, how ever, was tem po rary 
only and was prob a bly in flu enced by res er voir depths (Niska,
2008; Paw³owski, 2011). In lakes Starowlany, Besiekierz and
Imbramowice the wa ter level dropped so sig nif i cantly that
these lakes terrestrialized per ma nently.

A de vel op ment of the Lake Starowlany in the Eemian is
also re lated to the first lake de vel op ment model in the Late
Gla cial and Ho lo cene, pre sented by Szeroczyñska and G¹-
siorowski (2002). In lakes Woryty and Niechorze, a sim i lar
Cladocera suc ces sion was ob served, which ter mi nated with a 
rather sud den trans for ma tion of lakes into peatlands and in a
sig nif i cant re duc tion of Cladocera suc ces sion to a few spe -
cies oc cur ring spo rad i cally dur ing cli mate moist en ing ex clu -
sively. A rea son for a drop of wa ter level in the Lake
Starowlany dur ing the mid dle Eemian was a cli mate change,
in clud ing in creased mean air tem per a ture in cold and warm
sea sons, de creased an nual rain fall to about 200–300 mm
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(Cheddadi et al., 1998) and in creased evap o ra tion (Kupryja-
nowicz, 2008). The terrestrialization was di rectly caused by
hy dro log i cal, geo log i cal and morphometric prop er ties of
lake bas ins, with par tic u lar re gard to size and depth of a lake
and a wa ter shed.

CON CLU SIONS

1. Lake Starowlany ex isted from the early un til the mid -
dle Eemian Inter gla cial. In the late Eemian, terrestrialization
of the lake oc curred and wa ter level rose pe ri od i cally only,
en abling ex is tence of a few Cladocera spe cies.

2. The Cladocera spe cies pre served in the Starowlany
sec tion are sim i lar to the spe cies oc cur ring in other Eemian
lakes, as well as to the spe cies com mon in Po land at pres ent.

3. The spe cies com po si tion was dom i nated by taxa in -
hab it ing a lit to ral zone, which sug gests that most of the time
of a sin gle zone was a shal low one.

4. In the Lake Starowlany four de vel op ment zones were 
dis tin guished, which re flected cli mate, trophic and wa ter
lev els changes in the lake.

5. The high est wa ter level oc curred in zones SCZ I and
II, while the most fa vor able con di tions for zoo plank ton de -
vel op ment and the high est trophic level oc curred in SCZ III
(mid dle Eemian).

6. A tem po rary de te ri o ra tion of en vi ron men tal con di -
tions in the lake clearly marked it self in the mid dle Eemian
(SCZ IIIb). It was prob a bly as so ci ated with a lo cal drop of
wa ter lev els. 

7. The rea sons for dis ap pear ance of the Lake Staro-
wlany were a cli mate change as well as morphometric and
geo log i cal char ac ter is tics of a lake ba sin and a wa ter shed.

8. The evo lu tion zones of the Lake Starowlany are re -
lated to evo lu tion of other Eemian and Ho lo cene lakes in Po -
land and re flect lo cal and global cli mate changes that took
place in inter gla cial pe ri ods.

9. A re con struc tion of the Lake Starowlany de vel op -
ment zones dis tin guished on the ba sis of Cladocera pop u la -
tion cor re sponds to re sults of palynological anal y sis of this
sec tion.
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