
Studia Quaternaria, vol. 25 (2008) 23–32.

DE VEL OP MENT OF THE K£AD KOWE BAGNO PEAT- BOG
IN THE LATE GLA CIAL AND HOLO CENE: DI VER SI FIED HIS TORY

OF TWO DE POSIT BA SINS STUD IED WITH USE
OF MAC RO FOS SIL RE MAINS ANALY SIS

Da nuta Drzy mul ska

Uni ver sity in Bia³ys tok, In sti tute of Bi ol ogy, De part ment of Bot any, Œwier kowa 20B, 15- 950 Bia³ys tok, Po land; 
e- mail: drzym@uwb.edu.pl

Ab stract
This pa per pres ents re sults of in ves ti ga tion on peat and la cus trine sedi ments from the K³ad kowe Bagno peat- bog lo -
cated in the Puszcza Knyszyñska For est. Us ing analy sis of plant re mains from sedi ment sam ples, vege ta tive and gen -
era tive finds were iden ti fied which al lowed de scrib ing peat units. Bas ing on these re sults, re con struc tion of sub fos sil
vege ta tion and pa laeoen vi ron men tal changes in the mire was made. Al to gether 4 sub as so cia tions of Sphag ne tum mag -
el lan ici were de scribed, which de liv ered in for ma tion about hu mid ity of the mire sur face dur ing peat form ing pro -
cesses. Stages of de posit de vel op ment were dated by ra dio car bon method. Ac cu mu la tion of the old est sedi ments in the 
south ern ba sin took place in the Late Gla cial. Peat of the north ern ba sin started to ac cu mu late in the At lan tic pe riod.
The both parts of the mire ag gre gated proba bly 400 years ago.
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IN TRO DUC TION

The Puszcza Knyszyñska For est is lo cated in North east -
ern Po land (Fig. 1), in the area of old- glacial plains, which
gene sis is con nected with the Warta gla cia tion. Dur ing the
Vis tula gla cia tion, the area was situ ated in an im me di ate
neigh bour hood of the ice- sheet. More than 20% of the
Puszcza Knyszyñska For est is now oc cu pied by paludal
habi tats, therein mires. De gree of peat- cover reaches 10%,
which is one of the high est value in Po land (Ok ruszko 1995).

In 1999 pa laeo bo tani cal stud ies started on sedi ments of
the K³ad kowe Bagno peat- bog. Ra dio car bon analy sis of the
bot tom sedi ments dated the be gin ning of the mire de vel op -
ment back to the Late Gla cial. The main goal of the pres ent
study was to de scribe pro cess of peat- bog de vel op ment, with
a spe cial at ten tion to the vege ta tion his tory.

CHAR AC TER IS TIC OF THE K£AD KOWE
BAGNO PEAT- BOG

The K³ad kowe Bagno peat- bog is lo cated in the north ern
part of the Puszcza Knyszyñska For est (Fig. 1). It cov ers 40
ha and con sists of two de pres sions con nected by a dis tinct
isth mus with shal low peat of ca. 0.3 m. The mire is sur -
rounded by nu mer ous kames. Both de pres sions are over -
grown by Vac cinio uliginosi- Pinetum in the fi nal phase of
suc ces sion (Czer wi ñski, pers. comm.). K³ad kowe Bagno, as
a peat- bog, re ceives wa ter from the at mos phere. Ac cord ing

to ¯ar ska (1993) the ar eas sur round ing the mire are over -
grown by Tilio- Carpinetum, Melitti- Carpinetum, Serratulo-
Piceetum, and Myceli- Piceetum.

MA TE RI ALS AND METH ODS

Al to gether 11 cores of sedi ments were col lected us ing a
Rus sian sam pler of 5 cm di ame ter. The spots of drill ings
formed long and cross tran sects (Fig. 2). The south ern de -
pres sion of the K³ad kowe Bagno peat- bog is ca. 5 m deep and 
the north ern de pres sion ca. 2.15 m deep. In to tal 149 sam ples
of sedi ments have been pre pared for analy ses. Peat sam ples
(140) were rinsed with dis tilled wa ter with an ad di tion of
10% KOH. The aim of that was full dis per sion of peat lumps.
Next the sus pen sions were boiled, then washed out on 0.2
mm sieve and peat was placed in Petri dishes. At first, gen era -
tive finds (fruits, seeds, fruit scales) from every peat sam ple
and from gyttja sam ples (9, not boiled) were picked out and
placed in an other dishes with glycerine- thymol mix ture (To -
bol ski 2000). These finds were iden ti fied un der a stereo -
scopic bin ocu lar. Vege ta tive plant re mains were iden ti fied
only in peat, with a light mi cro scope. Dif fer ent kinds of mac -
ro fos sils were rec og nized: roots, periderm, epi derm, leaves,
stems, wood. For each sam ple, a pro por tion of every taxon
tis sues in the to tal tis sue mass was es ti mated.

Af ter these analy ses peat was clas si fied ac cord ing to
To³pa et al. (1967). De limi ta tion of sub fos sil syn taxa was



based on the com bi na tion of plant re mains. Cri te ria es tab -
lished for con tem po rary plant phy to coe nol ogy were adapted
(Oœwit 1973, Pa³czyñski 1975).

Sev eral sam ples of peat were dated by the ra dio car bon
method. Chro nol ogy of peat pro files was pre sented in form
of chro no zones ac cord ing to Man ge rud et al. (1974).

RE SULTS AND DIS CUS SION

Plant re mains, peat units and subfossil plant
com mu ni ties

Re mains of 52 dif fer ent plant taxa (spe cies, ge nus, fam -
ily) were iden ti fied in the in ves ti gated sedi ments. Quan ti ta -
tive rep re sen ta tion of ma jor plant types is as fol lows: trees
and shrubs (7 taxa), dwarf shrubs (4), herbs (14), pte rido -
phytes (2), peat- mosses (13), brown mosses (9), and al gae
(3). Some of the iden ti fied taxa are char ac ter is tic of six vege -
ta tion classes: Scheuchzerio- Caricetea ni grae (11 taxa),
Oxycocco-Sphagnetea (10), Phrag mite tea (5), Al ne tea glu ti -
no sae (3), Vaccinio- Piceetea (2), Chare tea (1).

Four of the rec og nized taxa are not found in the Puszcza
Knyszyñska For est re gion to day:

a) peat- mosses: Sphag num platy phyl lum, Sphag num
cen trale, and Sphag num an gus ti foi lum

b) brown moss: Warn stor fia flui tans
In to tal 13 peat units and two kinds of gyttja were rec og -

nized in the stud ied de posit (Fig. 3, 4). All peat units (hu mo -
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Fig. 1. Ter ri tory of the Puszcza Knyszyñska For est. 1 – bor der of the land scape park, 2 – bor der of the buffer zone, 3 – state bor der, 4 – peat
bog un der study (KB – K³adkowe Bagno).

Fig. 2. K³adkowe Bagno peat bog. 1 – lo ca tion of drillings.



peat therein), be side sphagnum- sedge peat, are pres ent in the
clas si fi ca tion of To³pa et al. (1967).

Only two sub fos sil plant as so cia tions (Sphag ne tum
mag el lan ici and Cari ce tum ros tratae) were re con structed.
How ever each of them oc curred as sev eral sub as so cia tions:

a) Sphagnetum magellanici: S. m. typicum, S. m. eriopho-
retosum, S. m. pinetosum, and S. m. sphagnetosum fallacis

b) Caricetum rostrate: C. r. sphagnetosum fallacis, and C. 
r. calliergonosum

The peat units and sub fos sil com mu ni ties of the K³ad -
kowe Bagno peat- bog were de scribed in de tail by Drzy mul -
ska (2005, 2006a).

De vel op ment of mire

Late Gla cial

Ini ti a tion of peat-form ing pro cess in K³adkowe Bagno
took place in the Late Gla cial, in Youn ger Dryas (Kupryja-
nowicz 2004). It was a con se quence of cli mate warm ing in
AllerÝd, which caused melt ing of ground ice fill ing land de -
pres sions, and de po si tion of min eral ma te rial. The first sub-
fos sil com mu nity – subassociation Sphagnetum magellanici
eriophoretosum oc curred on min eral sub stra tum in the area
of the south ern ba sin, next to the KBVII drill ing site. Thin
layer of Eriophoro-Sphagneti peat was formed there (Fig. 3,
4). De po si tion of cot ton-grass-sphag num peat in the bot tom
of KBVII core im plies ex treme nu tri ent-de fi cient hab i tat.
Tro phy in di ca tor for Eriophorum vaginatum achieves 1–2 in
5-de gree scale (Zarzycki et al. 2002). In the half of Youn ger
Dryas (10460 ± 40 14C BP) (Poz-2881), in tense melt ing pro -
cesses caused flood ing of this lit tle peat-bog and gyttja
started to ac cu mu late then. In the wa ter body of K³adkowe
Bagno, veg e ta tion of the Charetea and Potametea classes oc -
curred. Re mains of Characeae, fruits and endocarps of Pota-
mogeton natans, seeds, frag ments of leaves and idioblasts of
Nymphaea alba were rec og nized. Ag gre gates of Pedia-
strum, like Pediastrum integrum, were nu mer ous. Their
pres ence is an ev i dence of cold and clear wa ter (Jankovská,
Komárek 2000).

The pres ence of peat layer un der la cus trine sedi ment in
Po land was noted, e.g. in the Bie brza val ley (Oœwit 1973,
Oœwit, ¯urek 1981, Bal wierz, ¯urek 1987), in Pom era nia
(Marek 1991), in the Mas urian Lake land (Kloss 1993), and
in the Puszcza Knyszyñska For est – Ma chnacz (¯urek 1992), 
and Stare Biele (¯urek 2000). Fen and tran si tional peat was
domi nant there but in the bot tom of the Ku wasy I pro file in
the Bie brza val ley (Oœwit, ¯urek 1981), high moor peat was
de scribed, like in the KBVII pro file stud ied here. Its ap pear -
ance was con nected with re gional wa ter shed.

The Late Gla cial ini tia tion of the K³ad kowe Bagno lake,
makes it simi lar to an other wa ter bod ies func tion ing in the
past in this re gion, like Ma chnacz (¯urek 1992), Stare Biele
(¯urek 2000), Tabo³y (Drzy mul ska 2005, 2006b), and Ra-
binówka (Gródek- Micha³owo De pres sion) (Drzy mul ska
2004a).

Early and mid dle Ho lo cene (10000–5000 14C BP)

In Pre bo real pe riod, at the spot of the KBVII drill ing,
wa ter body still func tioned, be cause the age of the mid dle

sam ple of la cus trine sedi ment is 9570 ± 40 14C BP (Poz-
 2879) (Fig. 3, 4). Any way fall of wa ter level, start ing from
the be gin ning of the Holo cene took place, which was evi -
denced by the oc cur rence of Po ta mo ge ton na tans (cf. To bol -
ski 1998). Ac cord ing to ¯urek (1995) the rea sons of low
wa ter level in lakes at the be gin ning of the Holo cene were
rapid for est de vel op ment, low pre cipi ta tion and high evapo -
ra tion. Nu mer ous re mains of Nym paea alba were con tained
in gyttja. Wa ter lil ies are im por tant in pro cess of over grow ing 
of lakes, up lift sub stra tum pres er va tion (Pod bielkowski,
Tomasze wicz 1982).

Trans for ma tion of wa ter body into mire took place at the
de cline of Bo real pe riod (8120 ± 40 14C BP, Poz- 2878 – the
age of the old est peat sam ple) (Fig. 3, 4). The sub as so cia tion
Cari ce tum ros tratae cal lier gono sum was an ini tia tor of that
pro cess. Dis ap pear ance of lake could be con nected with a fall 
of wa ter level noted in lakes and mires in the ter ri tory of
North ern Po land from the sec ond half of Pre bo real pe riod
un til the be gin ning of the At lan tic (Ralska- Jasiewiczowa,
Starkel 1988). Af ter over grow ing of lake by float ing sedge-
 brown moss matt, the sub as so cia tion Cari ce tum ros tratae
sphag ne to sum fal la cis de vel oped. It func tioned in the vi cin -
ity of neigh bour ing KB2 drill ing still in Pre bo real pe riod
(9635 ± 50 14C BP, Poz- 6426) (Fig. 4). In both cores this phy -
to coe no sis was a par ent com mu nity of Cariceto- Bryaleti
peat.

Ac cord ing to pali nologi cal age de ter mi na tion (Ku pry -
janowicz 2004) radi cal changes in the mire started at the be -
gin ning of At lan tic pe riod. In the vi cin ity of the KBVII (Fig.
3, 4) the mire trans formed into raised bog, which is evi -
denced by oc cur rence of the sub as so cia tion Sphag ne tum
mag el lan ici typicum. Slightly de com posed Sphag num mag -
el lani cum-peat and Eus phag neti peat were ac cu mu lated. The 
mire lost con tact with ground wa ters and om bro ge nous phase 
started, with typi cal vege ta tion of the class Oxycocco-Spha-
gnetea. It could be con nected with the phe nome non of no ta -
ble fall of wa ter level noted in lakes and mires in North ern
Po land just in At lan tic pe riod (Ralska- Jasiewiczowa, Starkel
1988, 1999). In the sec ond half of this pe riod the sub as so cia -
tion Sphag ne tum mag el lan ici erio pho re to sum pre domi nated 
in the peat- bog. The layer of Erio phoro-Sphagneti peat was
then formed.

Thus, suc ces sion of plant com mu ni ties af ter dis ap pear -
ance of lake car ried on from phy to coe noses of eutrophic
habi tats (with brown mosses), through by sphagnum- sedge
com mu ni ties of meso trophic habi tats, to the stage of typi cal
peat- bog.

Ac cu mu la tion of high moor peat in At lan tic pe riod was
also noted by Pa cowski (1967) in West ern Pom era nia (Wiel -
iszewo) and by Kloss (1993) in Mas urian Lake land. In West -
ern Car pa thi ans, the age of om bro ge nous phase peat was
about 8300 14C BP (Obidowicz 1990). In Ma chnacz (Ku pry -
janowicz 1994), Ledo- Spagnetum-type com mu nity oc curred 
at the de cline of the Pre bo real.

In the sec ond half of the At lan tic peat- forming pro cess
started in shal lower north ern ba sin of mire in the vi cin ity of
the KBIII drill ing (Fig. 2, 3). Its ini tia tion dates back to 6280
± 40 14C BP (Poz- 2956). It could be con nected with hu mid
cli mate. The sub as so cia tion Cari ce tum ros tratae spha-
gnetosum fal la cis ap peared there in min eral sub stra tum.
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Sphagnum-sedge peat and sedge- read peat were then de pos -
ited. How ever ap pear ance of om bro trophic peat mosses in
these sedi ments in di cates de clin ing role of flow ing wa ters in
for ma tion of the de posit.

Late Ho lo cene (5000–0 14C BP)

In Sub bo real pe riod, in south ern ba sin of K³ad kowe
Bagno, ac cu mu la tion of peat still took place only in the vi cin -
ity of the KB2 and KBVII drill ings (Fig. 2). Three spe cies of
high moor peat were de pos ited there by sub as so cia tions of
the Sphag ne tum mag el lan ici: Eriophoro- Sphagneti peat,
Pino- Sphagneti peat and Eus phag neti peat (Fig. 3, 4). In
Subat lan tic pe riod ac cu mu la tion of peat started at the spot of
sev eral drill ings: KBV, KBVI, KBVIII, KB1 and KB3 (Fig.
2, 4). Again (see above) Cari ce tum ros tratae sphag ne to sum
fal la cis was an ini tia tor of peat- forming pro cess (be sides

KBV). This com mu nity formed sphagnum- sedge peat. Ap -
pear ance of the as so cia tion Sphag ne tum mag el lan ici caused
uni fi ca tion of type of the whole south ern ba sin. In to tal two
dates from the KBVII core are Subat lan tic: 2190 ± 30 14C BP
(Poz- 2876), and 575 ± 25 14C BP (Poz- 2875). The last one is
con nected with cotton- grass with drawal, and ap pear ance of
peat mosses from Cus pi data (Sphag num fal lax) and Pal us -
tria sec tions. Just these peat mosses pre domi nated in the
south ern ba sin of K³ad kowe Bagno in the last phase of the
Subat lan tic. There fore Sphag ne tum mag el lan ici sphag ne to -
sum fal la cis and Sphag ne tum mag el lan ici typicum sub as so -
cia tions func tioned in the mire. The first one formed lay ers of 
Cuspidato- Sphagneti peat and the sec ond one – Eus phag neti
peat and Sphag num mag el lani cum-peat (Fig. 3, 4).

In the north ern ba sin (KBIII re gion, Fig. 2, 3), in Sub bo -
real pe riod, Sphag ne tum betulo- pinosum erio pho reto fru -
ticu le to sum was rec og nized. It was a par ent com mu nity of
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Fig. 4. Cross-sec tion of the K³adkowe Bagno south ern ba sin. Typology and age of sed i ments. 1 – Euspahgneti peat, 2 – Sphag num
magellanicum-peat, 3 – Cuspidato-Sphagneti peat, 4 – Eriophoro-Sphagneti peat, 5 – Pino-Sphagneti peat, 6 – sphag num-sedge peat, 7 –
Bryaleti peat, 8 – Cariceto-Bryaleti peat, 9 – humopeat, 10 – me dium-de tri tus gyttja, 11 – de tri tus-cal car e ous gyttja, 12 – sand, 13 – spot of
drill ing, 14 – 14C dates BP, 15 – bor der of chronozones, 16 – pine, 17 – birch, 18 – wil low, 19 – co nif er ous stem, SA – Subatlantic pe riod, SB – 
Subboreal pe riod, AT – At lan tic pe riod, BO – Bo real pe riod, PB – Preboreal pe riod, LG – Late Gla cial.



the Pino- Betuleti peat. Ap pear ance of this syn taxon, dis -
cussed by Drzy mul ska (2006a), could be a re sult of ground-
wa ter level low er ing in mires and lakes of North ern Po land
ter ri tory at the mid dle of Sub bo real pe riod (Ralska-Jasie-
wiczowa, Starkel 1988). It was re placed in Subat lan tic pe -
riod by the sub as so cia tion Sphag ne tum mag el lan ici erio pho -
re to sum (1660 ± 35 14C BP, Poz- 6425) (Fig. 3). In this pe riod
peat ac cu mu la tion started also in the vi cin ity of the KBI and
KBII drill ings (Fig. 2, 3). The north ern ba sin of K³ad kowe
Bagno lost con tact with ground wa ter, and om bro ge nous
phase started then. Sev eral units of high moor peat were
formed: Pino- Sphagneti peat, Eriophoro- Sphagneti peat,
Cuspidato-Sphagneti and Sphag num fal lax-peat (Fig. 3).
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Fig. 5. Scheme of subfossil plant com mu ni ties suc ces sion in the north ern ba sin and isth mus of the K³adkowe Bagno peat bog.

Ta ble 1
Fre quency (%) of phytocoenoses oc cur rence

in par tic u lar kinds of hab i tats

Phytocoenosis

Hu mid ity of habitat

mid dle
humid

humid wet very wet

Sphagnetum  
magellanici 

sphagnetosum
fallacis

– 100 – –

typicum 28.5 71.5 – –

eriophoretosum 71.5 28.5 – –

pinetosum 100 – – –

Ta ble 2
KBIII pro file – val ues of hu mid ity in dex (HI) and hu mid con di tions of hab i tats

Depth (cm) Subfossil comunity Hu mid ity in dex (HI) Hab i tat feature

0–10 Sphagnetum magellanici sphagnetosum fallacis 6.7 humid

10–40 Sphagnetum magellanici typicum 6.0 hu mid

40–50 6.0 hu mid

50–60 Sphagnetum magellanici pinetosum 5.5 mid dle hu mid

60–75 5.8 mid dle hu mid

75–85 Sphagnetum magellanici eriophoretosum 5.7 mid dle hu mid

85–97 6.0 hu mid

97–155 Sphagnetum betulo-pinosum eriophoreto fruticuletosum 6.4 hu mid

155–215 Caricetum rostratae sphagnetosum fallacis 7.1 wet

7.9 wet

8.2 very wet



The both ba sins of the K³ad kowe Bagno peat bog were
ag gre gated proba bly sev eral hun dred years ago. The shal low
isth mus in be tween is filled by 0.3 m layer of the Cuspidato-
 Sphagneti peat (Fig. 3). Sphag ne tum mag el lan ici sphag ne to -
sum fal la cis, ap pear ing in min eral sub stra tum, was its par ent
com mu nity. In the lat est phase of the Holo cene, the rate of
high moor peat depo si tion was 0.4–1.2 mm·year–1 (Drzy mul -
ska 2005). Bas ing on mean value (0.68 mm·year–1) one can
as sess that the both ba sins joined about 400 years ago.

Peat of roof lay ers was slightly de com posed and it ac cu -
mu lated very fast, achiev ing 1.2 mm·year1. De com po si tion
de gree could be con nected with high pre cipi ta tion noted in
the lat est phase of the Holo cene (cf. Ralska- Jasiewiczowa,
Starkel 1988).

Suc ces sion of sub fos sil com mu ni ties in K³ad kowe
Bagno was pre sented in Fig. 5, 6. Sev eral sub as so cia tions of

the as so cia tion Sphag ne tum mag el lan ici func tioned there.
Ac cord ing to bib lio graphic data there is re la tion ship be tween 
hu mid ity of mire sur face and oc cur rence of each sub as so cia -
tion (Pa cowski 1967, Kloss 1993). Sphag ne tum mag el lan ici
pineto sum and Sphag ne tum mag el lan ici erio pho re to sum
seem to be con nected with the least hu mid habi tats, Sphag ne -
tum mag el lan ici typicum and Sphag ne tum mag el lan ici fus -
cae (not pres ent in K³ad kowe Bagno) – with mid hu mid
habi tats, and Sphag ne tum mag el lan ici sphag ne to sum fal la -
cis oc curs in more hu mid ar eas. That last sub as so cia tion was
domi nant in the fi nal stage of de posit de vel op ment in K³ad -
kowe Bagno, be cause in the de cline of Subat lan tic pe riod
pre cipi ta tion in creased (cf. Ralska- Jasiewiczowa, Starkel
1988). Kloss (1993) ob served such re la tion ships in Nowe
Sady VIII and £uk najno VII (both in Mas urian Lake land).
Many of Brit ish re search ers also pointed im por tance of sub -
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Fig. 6. Scheme of subfossil plant com mu ni ties suc ces sion in the south ern ba sin of the K³adkowe Bagno peat bog.



fos sil plant re mains analy sis in rec og niz ing mire sur face hu -
mid ity (Bar ber 1981, Black ford 2000, Chiv er rell 2001).

To ob serve oc cur rence of each Sphag ne tum mag el lan ici
sub as so cia tions in dif fer ent hu mid ity con di tions in K³ad -
kowe Bagno, hu mid ity in dex (HI) of these sub fos sil com mu -
ni ties was es ti mated (Drzy mul ska 2004b, 2005). This para-
me ter was counted bas ing on hu mid ity pref er ences of peat-
 forming plants (Ye lina, Yurkovs kaya 1992). The HI val ues
let to de fine hu mid ity of habi tat ac cord ing to Oœwit 1992
(Drzy mul ska 2005). Data pre sented in Ta ble 1 con firm con -
nec tions of sub as so cia tions with less (Sphag ne tum mag el -
lan ici erio pho re to sum and Sphag ne tum mag el lan ici pine-
tosum) or more hu mid (Sphag ne tum mag el lan ici sphag ne to -
sum fal la cis and Sphag ne tum mag el lan ici typicum) sub stra -
tum, what Kloss (1993) im plied.

The HI val ues and de scrip tions of habi tat hu midi ties
along two com plete cores (KBIII – north ern ba sin and
KBVII – south ern ba sin) were listed in Tabs 2, 3.

The both ba sins of K³ad kowe Bagno, de spite dif fer ent
gene sis and age, ul ti mately be come simi lar. The other situa -
tion was noted by Obidowicz (1975) in To por owy Staw
Wy¿ni (Ta tra Moun tains). This de posit de vel oped also in
two peat- forming cen tres but past and pres ent char ac ter of
both ba sins are quite dif fer ent. Un for tu nately there are no
other known ex am ples of such kind of mires his tory, so any

gen er ali sa tions re fer ring re la tion ship: geo graphi cal lo ca tion
– de vel op ment of mire, are not pos si ble.

At pres ent the whole sur face of K³ad kowe Bagno is
over grown by Vac cinio uliginosi- Pinetum. It seems to be re -
sult of drain age and stag na tion in depo si tion of sedi ments (cf. 
¯urek 1993).

CON CLU SIONS

Both ba sins of the stud ied peat bog in K³ad kowe Bagno
char ac ter ize di ver si fied his tory. The thick ness of de pos its,
age and kind of peat- forming pro cess in the two ba sins are
dif fer ent. De spite that, they ul ti mately ag gre gated, proba bly
400 years ago, and they form uni form mire at pres ent.

In the his tory of the two ba sins, the fol low ing di rec tions
of de vel op ment could be noted:

1. North ern ba sin – fen/tran si tional mire ® raised bog,
2. South ern ba sin – raised bog ® lac us trine phase ®

fen/tran si tional mire ® raised bog.
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KBVII pro file – val ues of hu mid ity in dex (HI) and hu mid con di tions of hab i tats

Depth (cm) Subfossil com mu nity Hu mid ity in dex (HI) Hab i tat fea ture

0–15 Sphagnetum magellanici typicum 6.3 hu mid

15–30 6.2 hu mid

30–50 Sphagnetum magellanici sphagnetosum fallacis 6.6 hu mid

50–65 Sphagnetum magellanici typicum 6.4 hu mid

65–75 Sphagnetum magellanici eriophoretosum 5.8 mid dle hu mid

75–85 Sphagnetum magellanici typicum 6.2 hu mid

85–100 6.2 hu mid

100–110 6.2 hu mid

110–160 Sphagnetum magellanici eriophoretosum 5.9 mid dle hu mid

160–170 Sphagnetum magellanici typicum 6.4 hu mid

170–180 Sphagnetum magellanici pinetosum 5.3 mid dle hu mid

180–190 Sphagnetum magellanici typicum 6.1 hu mid

190–200 Sphagnetum magellanici eriophoretosum 6.0 mid dle hu mid

200–215 Sphagnetum magellanici typicum 5.7 mid dle hu mid

215–290 Sphagnetum magellanici eriophoretosum 5.9 mid dle hu mid

290–300 Sphagnetum magellanici typicum 5.7 mid dle hu mid

300–312 5.3 mid dle hu mid

312–325 5.8 mid dle hu mid

325–360 Caricetum rostratae sphagnetosum fallacis 6.8 hu mid

360–370 Caricetum rostratae calliergonosum 7.9 wet

370–380 7.9 wet

380–400 7.9 wet

400–490 aquatic plants – wa ter

490–505 Sphagnetum magellanici eriophoretosum 6.3 hu mid



Bar ber K. 1981. Peat stra tig ra phy and cli ma tic change. A palaeo -
eco logi cal test of the the ory of cy cling peat re gen er a tion. A. A.
Balkema, Rot ter dam

Blackford J. 2000. Palaeoclimatic re cords from peat bogs. Trends in 
Ecol ogy & Evo lu tion 15, 193–198.

Chiverrell R.C. 2001. A proxy re cord of late Ho lo cene cli mate
change from May Moss, north east Eng land. Jour nal of Qua ter -
nary Sci ence 16, 9–29.

Drzymulska D. 2004a. His tory of veg e ta tion at Rabinówka mire
(Gródek-Micha³owo De pres sion, NE Po land). In Wo³ejko L.,
Jasnowska J. (eds.), The fu ture of Pol ish mires, 37–42. Mono -
graph. Print of Ag ri cul tural Uni ver sity of Szczecin.

Drzymulska D. 2004b. Changes in the mire sur face wet ness dur ing
peat-form ing pro cess – the ex am ple of three hydrologically
dif fer ent peat bogs from Knyszyñska For est (NE Po land). In
Päivänen J. (ed.), Wise Use of Peatlands, 847–852. Pro ceed -
ings of the 12th In ter na tional Peat So ci ety, Tampere, Fin land.

Drzymulska D. 2005. The late Gla cial and Ho lo cene his tory of veg -
e ta tion of se lected mires of the Puszcza Knyszyñska For est
(orig i nal: PóŸnoglacjalna i holoceñska historia roœlinnoœci
wybranych torfowisk Puszczy Knyszynskiej). Ph. D. The sis,
Ar chives Uni ver sity in Bia³ystok, In sti tute of Bi ol ogy,
Bia³ystok. Manu script (in Pol ish).

Drzymulska D. 2006a. Subfossil plant com mu ni ties in de pos its
from the Tabo³y, K³adkowe Bagno and Borki mires in the
Puszcza Knyszyñska For est, NE Po land. Acta Palaeobotanica
46, 255–275.

Drzymulska D. 2006b. The Late Gla cial and Ho lo cene wa ter bod ies 
of Tabo³y and K³adkowe Bagno mires (Puszcza Knyszyñska
For est): gen e sis and de vel op ment. Lim no logi cal Re view 6,
73–78.

Jankovská V., Komárek J. 2000. In dic a tive value of Pediastrum and 
other coccal green al gae in palaeo ec ol ogy. Folia Geobotanica
35, 59–82.

Kloss M. 1993. Dif fer en ti a tion and de vel op ment of peatlands in
hol lows with out run-off on young gla cial ter rains. Pol ish Eco -
log i cal Stud ies 19, 3–4, 115–219.

Kupryjanowicz M. 1994. Changes of veg e ta tion in the re gion of
Machnacz mire in the Puszcza Knyszyñska For est in the
Eemian, Vistulian and Ho lo cene (orig i nal: Zmiany roœlinnoœci 
rejonu torfowiska Machnacz w Puszczy Knyszyñskiej w
okresie interglacja³u emskiego, vistulianu i holocenu). Ph. D.
The sis, Ar chives Branch of War saw Uni ver sity, In sti tute of
Bi ol ogy, Bia³ystok. Manu script (in Pol ish).

Kupryjanowicz M. 2004. The veg e ta tion changes re corded in sed i -
ments of K³adkowe Bagno peat-bog in Puszcza Knyszyñska,
north-east ern Po land. Acta Palaeobotanica 44, 175–193.

Mangerud J., Andersen S.T., Berglund B.E., Donner J.J. 1974. Qua -
ter nary stra tig ra phy of Norden, a pro posal for ter mi nol ogy and
clas si fi ca tion. Boreas 3, 109–128.

Marek S. 1991. The suc ces sion of plant com mu ni ties in the cen tre
of a small mire sit u ated near the vil lage of Kramarzyny in the
S³upsk dis trict (orig i nal: Sukcesje roœlinnoœci w centrum
niewielkiego torfowiska po³o¿onego w okolicy Karmarzyn
(woj. s³upskie)). In Marek S., Stud ies of Pol ish mires stra tig ra -
phy (orig i nal: Studia nad stratygrafi¹ torfowisk w Polsce),
24–35. Acta Universitatis Wratislaviensis, Prace Botaniczne
XLVII (in Pol ish with Eng lish sum mary).

Obidowicz A. 1975. Entstehung und Al ter einiger Moore im
nördlichen Teil der Hohen Tatra. Fragmenta Floristica et
Geobotanica XXI, 3, 289–323.

Obidowicz A. 1990. Eine Pollenanalytische und Moorkundliche
Studie zur Vegetationsgeschichte des Podhale-Gebietes
(West-Karpaten). Acta Palaeobotanica 30, 147–219.

Okruszko H. 1995. Marshes – their gen e sis and im por tance in the
Puszcza Knyszyñska For est land scape (orig i nal: Mokrad³a –

ich geneza i znaczenie w krajobrazie Puszczy Knyszyñskiej).
In Czerwiñski A. (ed.), The Puszcza Knyszyñska For est. Nat u -
ral Mono graph (orig i nal: Puszcza Knyszyñska. Monografia
przyrodnicza), 239–254. Group of Land scape Parks in Supraœl, 
Supraœl (in Pol ish).

Oœwit J. 1973. Con di tions of mire de vel op ment in the lower Biebrza 
Val ley in con sid er ation of wa ter con di tions (orig i nal: Warunki
rozwoju torfowisk w dolinie dolnej Biebrzy na tle stosunków
wodnych). Roczniki Nauk Rolniczych Se ries D, Mono graphs
143, 1–80 (in Pol ish).

Oœwit J. 1992. Iden ti fi ca tion of hu mid con di tions in meadow hab i -
tats us ing plant in dexes (method of phytoindication) (orig i nal:
Identyfikacja warunków wilgotnoœciowych w siedliskach
³¹kowych za pomoc¹ wskaŸników roœlinnych (metoda
fitoindykacji). Biblioteczka Wiadomoœci IMUZ 79, 39–67 (in
Pol ish).

Oœwit J., ̄ urek S. 1981. Re con struc tion of swamp ing developmnet
in The Biebrza mar ginal stream val ley (orig i nal: Rekonstru-
kcja rozwoju zabagnieñ w Pradolinie Biebrzy). Sci en tific
Num bers of Ag ri cul tural Uni ver sity of Wroc³aw, Ag ri cul ture
134, 59–70 (in Pol ish).

Pacowski R. 1967. Bi ol ogy and stra tig ra phy of Wieliszewo peat
bog in West ern Pomerania (orig i nal: Biologia i stratygrafia
torfowiska wysokiego Wieliszewo na Pomorzu Zachodnim).
Zeszyty Problemowe Postêpów Nauk Rolniczych 76, 101–196
(in Pol ish).

Pa³czyñski A. 1975. Jaæwieskie Sümpfe – Das Urtal der Biebrza.
Die geobotanische, paleophytosoziologische und wirtschaf-
tliche Pobleme Jaæwieskie Swampings (orig i nal: Bagna Jaæ-
wieskie (Pradolina Biebrzy). Zagadnienia geobotaniczne,
paleofitosocjologiczne i gospodarcze). Roczniki Nauk Rolni-
czych, Se ries D, Mono graphs 145, 1–232 (in Pol ish with Ger -
man sum mary).

Podbielkowski Z., Tomaszewicz H. 1982. Sketch of hydrobotany
(orig i nal: Zarys hydrobotaniki). PWN, Warszawa (in Pol ish).

Ralska-Jasiewiczowa M., Starkel L. 1988. Re cord of the hy dro log i -
cal changes dur ing the Ho lo cene in the lake, mire and flivial
de pos its of Po land. Folia Quaternaria 57, 91–127.

Ralska-Jasiewiczowa M., Starkel L. 1999. Changes of cli mate and
wa ter re la tions in the Ho lo cene (orig i nal: Zmiany klimatu i
stosunków wodnych w holocenie). In Starkel L. (ed.), Ge og ra -
phy of Po land. Nat u ral en vi ron ment (orig i nal: Geografia
Polski. Œrodowisko przyrodnicze), 175–180. PWN, Warszawa 
(in Pol ish).

Tobolski K. 1998. The Late Gla cial his tory of Imio³ki wa ter body
(orig i nal: PóŸnoglacjalna historia zbiornika w Imio³kach). In
Tobolski K. (ed.), Palaeo eco logi cal study of the Late Gla cial
sed i ments from Lednica lake in Imio³ki (the Lednica Landcape
Park) (orig i nal: Paleoekologiczne studium póŸnoglacjalnych
osadów jeziora Lednica w Imio³kach (Lednicki Park Krajobra- 
zowy)), 69–79. Homini, Bydgoszcz (in Pol ish).

Tobolski K. 2000. Vademecum Geobotanicum. Guide to de ter min -
ing of peat and lac us trine sed i ments (orig i nal: Vademecum
Geobotanicum. Przewodnik do oznaczania torfów i osadów
jeziornych). PWN, Warszawa (in Pol ish).

To³pa S., Jasnowski M., Pa³czyñski A. 1967. Sys tem der gene-
tischen Klassifizierung der Torfe Mitteleuropas. Zeszyty Pro-
blemowe Postêpów Nauk Rolniczych 79, 9–99.

Yelina G.A., Yurkovskaya T.K. 1992. Meth ods of palaeo- hy dro -
log i cal re gime fix ing as a base for objectivisation of rea sons of
swamp veg e ta tion suc ces sion (orig i nal: Mietody opriedie-
lenija paleogidrologiczeskogo re¿ima kak osnowa objektiwi-
zacji priczin sukcesji rastitjelnosti bo³ot). Botaniczeskij Zhur-
nal 77, 120–124 (in Rus sian).

Zarzycki K., Trzciñska-Tacik H., Ró¿añski W., Szel¹g Z., Wo³ek
J., Korzeniak U. 2002. Eco log i cal in di ca tor val ues of vas cu lar

K£ADKOWO BAGNO PEAT-BOG IN THE LATE GLA CIAL AND HOLOCENE 31



plants of Po land. Print of W. Szafer In sti tute of Bot any PAN,
Kraków.

¯arska B. 1993. Veg e ta tion cover (orig i nal: Szata roœlinna). In
Gacka-Grzesikiewicz E. (ed.), The Puszcza Knyszyñska For est 
Land scape Park. Nat u ral and cul tural doc u men ta tion with
prin ci ples of spa tial econ omy (orig i nal: Park Krajobrazowy
Puszczy Knyszyñskiej. Dokumentacja przyrodnicza i kultu-
rowa wraz z zasadami gospodarki przestrzennej), 40–59. Print
of In sti tute of En vi ron men tal Pro tec tion, Warszawa (in Pol -
ish).

¯urek S. 1992. Stra tig ra phy, de vel op ment and suc ces sive di rec -
tions of mires from wa ter shed zone in the Puszcza Knyszyñska
For est (orig i nal: Stratygrafia, rozwój i kierunki sukcesyjne
torfowisk strefy wododzia³owej w Puszczy Knyszyñskiej).
Sci en tific Num bers of Bia³ystok Tech ni cal Uni ver sity 5, 253–
317 (in Pol ish).

¯urek S. 1993. Palaeohydrological changes in marshes (orig i nal:
Zmiany paleohydrologiczne w mokrad³ach). Przegl¹d Geo-
graficzny LXIV, 75–95 (in Pol ish).

¯urek S. 1995. The de vel op ment of the peat-form ing pro cesses ver -
sus the low land re lief of Po land and hy dro log i cal changes in
the postglacial pe riod. Questiones Geographicae 17/18, 95–
100.

¯urek S. 2000. Stra tig ra phy, gen e sis and age of mire [Stare Biele]
(orig i nal: Stratygrafia, geneza i wiek torfowiska [Stare Biele]). 
In Czerwiñski A., Ko³os A., Matowicka B. (eds.), Trans for ma -
tions of hab i tats and mire veg e ta tion in Stare Biele range in the
Puszcza Knyszyñska For est (orig i nal: Przemiany siedlisk i
roœlinnoœci torfowisk uroczyska Stare Biele w Puszczy Kny-
szyñskiej), 40–69. Sci en tific Dis ser ta tion of Bia³ystok Tech ni -
cal Uni ver sity 70, Bia³ystok (in Pol ish).

32 D. DRZYMULSKA


