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Ab stract
The ob jec tive of the paleoecological stud ies un der taken in the “K³ocie Ostrowieckie” re serve was mainly to re con -
struct the subfossil mire veg e ta tion at a lo cal and re gional scale. This ar ti cle pres ents the re sults of palynological and
plant macroremain anal y ses of this site, and be longs to the first pub lished stud ies of such a type, made in the Drawieñ-
ski Na tional Park. Based on our stud ies, five phases in the his tory of the mire de vel op ment were de ter mined. The most
pro nounced fea ture of that his tory, was a de cline of Cladietum marisci clearly con cur rent with a strong yet puz zling
ex pan sion of pine stands oc cur ring ap prox i mately 1000 years ago.

Key words: pa leo bo tani cal re search, pol len analy sis, plant mac ro fos sils, Cla dium maris cus (L.) Pohl.,
bio genic sedi ments, Drawieñski Na tional Park.

IN TRO DUC TION

Cladium mariscus (L.) Pohl is one of the most in trigu ing
telmatophytes of the Mid dle Eu ro pean flora, but so far, it has
been in suf fi ciently in ves ti gated. The ne ces sity of ex tend ing
knowl edge of this plant is par tic u larly con firmed by its
postglacial his tory, re vealed to a greater ex tent by paleoeco -
log i cal re search (Conway 1938, Jalas, Okko 1951, Balátová-
Tuláæková 1991, Salmina 2004, Pokorný et al. 2010). The
sur veys car ried out so far, par tic u larly those un der taken in
NW Po land, es pe cially in the S³owiñski Na tional Park (To-
bolski 1987, Tobolski et al. 1997), “Bory Tucholskie” Na -
tional Park (Ga³ka, Tobolski 2006, Ga³ka 2006, Ga³ka 2007), 
and Suwalski Land scape Park (Ga³ka, Tobolski unpubl.
data), have re vealed facts wor thy of at ten tion. The Drawieñ-
ski Na tional Park in cludes sites of Cladium mariscus, ear lier
stud ied by Jasnowska and Jasnowski (1991a, b, c) and men -
tioned by Tobolski (2000). These stud ies were in ter est ing es -
pe cially in light of a new peat spe cies that has been iden ti fied
in sed i ments of the “K³ocie Ostrowieckie” re serve (cf. Jas-
nowska, Jasnowski 1991b). Saw sedge sites from the Dra-
wieñski Na tional Park were dis cussed in a se ries of our ref er -
ences, with the ob jec tive of pro duc ing an epiontological
mono graph on the plant at the Mid dle Eu ro pean scale. The
fol low ing pa per ini ti ates a se ries of sur veys con cern ing saw
sedge sites from the Drawieñski Na tional Park.

The main ob jec tive of the sur veys was to de ter mine the
his tory of Cladium mariscus, both in light of palynological
anal y ses and carpological find ings. The ne ces sity of paleoe-
cological re search is con firmed by the fact that nei ther this
site nor any of the sites within the en tire Drawieñski Na tional

Park have been sub ject to any pub lished sur vey uti liz ing a
pol len anal y sis or subfossil di a grams of mac ro scopic find -
ings. Thus far, the re serve has only been the sub ject of peat
bog and phytosociological stud ies by the afore men tioned
Jasnowskis. The stud ies in cluded drillings us ing a man ual
corer, anal y ses of se lected plant macrofossils, and ex e cu tion
of nu mer ous phytosociological re cords.

The re sults of the re search on the his tory of Cladium
mariscus in the “K³ocie Ostrowieckie” re serve pro vide valu -
able in for ma tion on the his tory of this threat ened spe cies in
the area. The ob tained knowl edge can be then uti lised ap -
plied to for fu ture pro tec tion of this valu able site.

STUDY SITE

The study site is lo cated in NW Po land. The “K³ocie
Ostrowieckie” re serve, in clud ing a peat bog ad join ing the
north west shore of Lake Ostrowite, is sit u ated within the
Drawieñski Na tional Park (Fig. 1). The mire, which has an el -
lip ti cal shape and a NS-ori ented lon gi tu di nal axis, is sur -
rounded by min eral el e va tions reach ing up to 15 m in re la tion
to the peat bog level. The slopes are over grown by Pinus
sylvestris. A ma jor part of the area of the mire is cur rently oc -
cu pied by Alnus glutinosa, be ing an ex pan sive el e ment within
the ob ject. Alnus glutinosa tightly sur rounds an as sem blage
with Cladium mariscus L. (Pohl), oc cu py ing the mid dle part
of the biogenic ac cu mu la tion ba sin. At the edges, Cladium
mariscus grows among Sphag num (in clud ing S. teres, S.
magellanicum, S. palustre), Carex paniculata, and Thelypte-
ris palustris. The peat bog is al most en tirely sep a rated from the 
wa ters of Lake Ostrowieckie with a mineral bar.



METH ODS

The ma te rial for lab o ra tory anal y ses was sam pled us ing
an Instorf peat sam pler with a length of 50 cm and a di am e ter
of 10 cm.

The sed i ment, in clud ing the up per most layer of lake sed -
i ments and over ly ing peat, with a thick ness of 200 cm, was
sam pled in the north ern part of the re serve in an al der for est,
25 m south of the min eral bar. This lo ca tion of the core sam -
pling site re sulted mainly from the larg est thick ness of the
peat de posit in that place (ac cord ing to Jasnowska, Jasnow-
ski 1991c) and the cur rent lack of in di vid u als of Cladium
mariscus in that part of the re serve.

The palynological anal y sis, which al lowed the de ter mi -
na tion of the time and na ture of plant as sem blage trans for ma -
tion, was car ried out with a stan dard res o lu tion of 10 cm,
in creased up to 5 cm in sec tions with a clear tran si tion be -
tween sed i ment types. Anal y sis of plant macrofossils was
car ried out ev ery 2.5 cm, with slight dif fer ences re sult ing
from tran si tions be tween sed i ment types. The vol ume of each 
sam ple was ap prox i mately 100 cm3.

The per cent age of cal cium car bon ates in the biogenic
sed i ments was de ter mined us ing the Scheibler method. In to -
tal, 15 sam ples of lake and peat sed i ments were ana lysed.

To de ter mine the ab so lute age of the events, Betula fruits 
were se lected, and two sam ples were sent to the Ra dio car bon
Lab o ra tory in Poznañ (Ta ble 1). Both sam ples were cal i -
brated us ing the OxCal v 4.10 pro gram (Ramsey 2001) with
the IntCal04 cal i bra tion dataset (Reimer et al. 2004).

RE SULTS

Pol len anal y sis

The pol len anal y sis al lowed for de ter mi na tion of four lo -
cal pol len as sem blage zones (LPAZ) (Fig. 2).

K.OST.1 I Pinus-Alnus LPAZ (200–175 cm)

This zone in cludes the first max i mum of pine; the con -
tent of al der pol len grains is be tween 10% and 20%.

K.OST.1 II Alnus LPAZ (175–137 cm)

This zone is dis tin guished by the max i mum per cent age
con tent of al der pol len grains, the reg u lar oc cur rence of oak
(approx. 10%), and a horn beam pol len curve slightly above
5%.

K.OST.1 III Quercus-Fagus LPAZ (137–97 cm)

This zone has the max i mum con tent of oak (15%) and
beech pol len grains (5%). Among the telmatophyte sporo-
morphs is a reg u lar, but low, oc cur rence of saw sedge pol len
grains with two low cul mi na tions at the bor ders of the zone.

K.OST.1 IV Pinus LPAZ (depth 97–0 cm)

This zone has the max i mum con tent of pine (reach ing
90%), and a de crease in the par tic i pa tion of sporomorphs of
de cid u ous trees (the con tin u ous curve is de ter mined only by
al der pol len grains). Sporomorphs of the mire plants Thely-
pteris palustris, Filicales monolete, and Cyperaceae are
found (all ex cluded from the NAP to tal; they form con sec u -
tive max ima).

Mac ro scopic plant re main anal y sis

From the mac ro scopic plant re main anal y sis, five lo cal
macrofossil as sem blage zones (LMAZ) were de ter mined in
the de vel op ment of the mire (Fig. 3).

K£O I Najas LMAZ (200–142.5 cm)

In the lake sed i ment, only seeds of Najas ma rina were
found. This phase pre ceded the de vel op ment of the peat bog
be cause her ba ceous peat was de pos ited on the sed i ment de -
vel oped dur ing the phase. This zone in cludes the stage of a
shal low lake, which has few elodeids and nympheids.

K£O II Cladium LMAZ (142.5–82.5 cm)

In this pe riod, a dense as sem blage of saw sedge de vel -
oped at the site ana lysed. Other im mer sion plants were
Schoenoplectus tabernaemontani and Typha sp. More over,
Carex pseudocyperus and Thelypteris palustris oc curred
amongst the Cladium mariscus. Its gen er a tive or gans, de pos -
ited in her ba ceous peat with a thick ness of 60 cm, sug gest the
sta bil ity of the Cladium mariscus as sem blage.
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Fig. 1. Setting of the area stud ied in the pa per.

Ta ble 1
Ra dio car bon dates of sam ples of the stud ied core

Lab. no.
Depth
(cm)

Ma te rial 14C age
Age
AD

Age cal. BP

Poz-35954 90-92 Fruits
Betula sp. 

1000 ± 40 BP 974-1155 977-795

Poz-35955 154-156 1070 ± 40 BP 891-1024 1059-927
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K£O III Carex-Thelypteris LMAZ (82.5–50 cm)

Phragmites aus tra lis also ap peared at the site ana lysed,
as a dom i nat ing com po nent along with Thelypteris palustris
(the high est num bers of spores in the core ana lysed). Phrag-
mites aus tra lis epi der mis es were found up to a depth of
67.5 cm. Af ter its de cline, there was an in crease in the par tic i -
pa tion of sedges, mainly Carex paniculata. The end of this
phase de ter mines the ap pear ance of leafy mosses: Meesia
triquetra, Bryum pseudotriquetrum, Calliergon giganteum,
and Juncus articulatus.

K£O IV Bryales-Carex-Juncus LMAZ (50–15 cm)

Vast amounts of leafy mosses ap peared, dom i nated by,
among oth ers, Scorpidium sp., Meesia triquetra, and Callier- 
gon giganteum. The dead stems of these mosses con sti tuted
moss peat, in clud ing a few Cyperaceae radicelles (up to 10%
of the to tal com po si tion of the veg e ta tive parts). In the moss
peat in the dis tin guished ho ri zon, seeds of Juncus articulatus
were found. It is sig nif i cant that Juncus articulatus ceased to
grow at the mo ment of trans for ma tion of moss peat into her -
ba ceous peat (the tran si tion is un clear, approx. 10 cm). In this 
sta dium, the peat bog also in cluded sedges, and their fruits
and pol len in the pro file ana lysed are the most nu mer ous. The 
amount and thick ness of the layer in which nuts of one of
these plants were de pos ited sug gest that Carex lepidocarpa
was a per ma nent com po nent of lo cal veg e ta tion in the ana -
lysed pe riod.

K£O V Carex-Sphag num LMAZ (15–0 cm)

Sphag num sec. Acutifolia mosses are de pos ited in the
up per most peat layer. Hydrocotyle vulgaris, Vi ola palustris,
and Potentilla erecta are also nu mer ous in the mire. This last
phase in cludes the pe riod in which the sur face of the peat bog
was acid i fied.

DIS CUS SION

Se lected plant in di ca tors of en vi ron men tal changes
show that the de vel op men tal his tory of the mire can be di -
vided into four phases (Fig. 4). Ac cord ing to the re sults of the 
sur vey, no veg e ta tive parts of mosses oc cur in places of the
high est con cen tra tion of the subfossil Cladium mariscus or -
gans (phase K£O II Cladium LMAZ), mainly in the form of
seeds and fruits. Chara sp. oo spores are also found in this
layer as a re sult of good mois ture con di tions. The pres ent oc -
cur rence of Chara sp. amongst as sem blages with Cladium
mariscus was de ter mined in the Lublin Macroregion (Bu-
czek 2005, Ga³ka un pub lished data). The ho ri zon with sub-
fos sil mosses is lo cated ap prox i mately 30 cm higher (in
phase D – Fig. 4). Over 80%, on av er age, of the ho ri zon is
com posed of only leaved stems of leafy mosses. Among
them, hardly any gen er a tive or veg e ta tive or gans of Cladium
mariscus oc cur (only sin gle seeds at a depth of 22.5–27.5
cm). There fore, the two fos sil com po nents cre at ing the de -
scribed Bryalo-Cladieti peat are lo cated in two dif fer ent ho ri -
zons, be ing sep a rated by a layer of her ba ceous peat com-
posed mainly of sedge radicelles, Thelypteris roots, and
Phragmites aus tra lis epi der mis es.

In this pa per, we have de cided not to pres ent the is sue of

the peat-form ing abil ity of Cladium mariscus. We also con -
ducted stud ies of Cladium mariscus in var i ous parts of Po -
land (in clud ing Bory Tucholskie, Suwa³ki Re gion, and the
Lublin Re gion). Af ter com plet ing anal y ses of sed i ments
from the re main ing sites, the is sue of the abil ity of saw sedge
to form peat will be pub lished in a sep a rate pa per.

The is sue of the long ex is tence of Cladium mariscus at
one site within the re serve (phase B or in ten sive peat form -
ing), with sim i lar re sults of ra dio car bon dat ing, re mains un -
clear. The thick ness of the peat layer with gen er a tive or gans
of Cladium mariscus at one site was, there fore, not de ter -
mined dur ing the re search in Bory Tucholskie (Ga³ka, To-
bolski 2006). At a dozen or so sites stud ied within the Bory
Tucholskie Na tional Park, the seeds and fruits of Cladium
mariscus were usu ally found only in a layer of sed i ment a few 
centi metres cor re lated with the stage of a shal low lake and
the early de vel op ment of the mire (Ga³ka, Tobolski 2006).
The sta bil ity of Cladium mariscus at one site is also ev i -
denced by the ac cu mu la tion of its pol len in the sed i ments.
The high est amount of pol len in the sed i ment was ob served
in the ho ri zons con tain ing also its seeds and fruits. Sur pris -
ingly, there is a lack of seeds or fruits in the up per most sed i -
ment of the stud ied site, and no pol len was found there,
ei ther. This lack of pol len is puz zling be cause it would seem
log i cal that there would be a greater abil ity to cover the area
with pol len than seeds or fruits. Does Cladium mariscus pol -
len only fall within the clos est vi cin ity of the plant? Was
there a pe riod, then, when Cladium mariscus was not pres ent
or con sti tuted only a scarce com po nent within the en tire rel a -
tively small re serve? The an swers to these in trigu ing ques -
tions can be pro vided only by a de tailed paleobotanical
anal y sis of sev eral sites stud ied in the transect. The lit er a ture
does not men tion any such anal y ses un der taken so far.

It is sig nif i cant that the de cline of the saw sedge com mu -
nity at the place of the core sam pling is ba si cally cor re lated
with trans for ma tions of the com po si tion of the for est sur -
round ing the lake ana lysed. In Fig. 4 (zone B/C), a clear tran -
si tion is vis i ble be tween the oc cur rence of cer tain compo-
nents of de cid u ous for est with spe cies de clin ing (Fraxinus,
Ulmus) or clearly de ceas ing (Carpinus and Fagus) with the
sud denly in creas ing Pinus curve. From these anal y ses, it is
dif fi cult to de ter mine the rea son for and scale of the phe nom -
ena. The au thors of this pa per in tend to ex plain these phe -
nom ena in fur ther stages of stud ies car ried out in the Dra-
wieñski Na tional Park.

It is worth emphasising that the num ber of Najas ma rina
seeds in cal car e ous gyttja (zone A) is rel a tively low. In sim i -
lar sed i ments stud ied within the Bory Tucholskie Na tional
Park, the num ber of fos sil Najas ma rina seeds was much
higher (also in sam ples with less vol ume) (Ga³ka 2006,
2007). This high num ber of Najas marina seeds is prob a bly
re lated to var i ous de grees of cov er ing the bot tom with the
plant. In the stud ied site, cal car e ous gyttja was ac cu mu lat ing
at the bot tom of the for mer lake, and the con tent of cal cium
car bon ate in that gyttja was very high (70%).

CON CLU SIONS

1. Layer of peat of the mire in the “K³ocie Ostrowieckie”
Re serve con sists of two main parts. The lithological dis tinc -
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tion be tween the peat with Cladium and the peat de vel oped
later with the dom i nance of leafy mosses was de ter mined.
These peats con sti tute two in di vid ual lay ers, sep a rated by an
ap prox i mately 40 cm layer of peat dom i nated by sedge
radicelles and Thelypteris palustris re mains. There fore, an
in ter est ing is sue of Bryalo-Cladieti peat arises, the gen e sis
and tax o nomic sta tus of which should be re vealed at fur ther
stages of our stud ies on the his tory of that com po nent of wa -
ter-mire flora.

2. Four stages of plant suc ces sion were de ter mined in the 
de vel op ment of the mire.

3. Lake-mire trans for ma tions re lated to the site ana lysed
oc curred only in the last mil len nium.
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