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Ho lo cene sed i ment pro file from a paludified near-shore area of Lake Kñži (Vidzeme Heights, Cen tral Lat via) was in ves ti gated us ing
lithological and palaeobotanical (pol len and macrofossil anal y sis) meth ods and ac cel er a tor mass spec trom e try AMS 14C dat ing. The re -
sults of this first com pre hen sive study of a Ho lo cene sed i ment core from the Vidzeme Heights in di cate that at the be gin ning of the Early
and at the end of the Late Ho lo cene the lake level was low and fen peat ac cu mu lated around the lake. From ca. 9000 BP up to 1500 BP the
mire was flooded and gyttja with interlayers of sand and peat ac cu mu lated. The wa ter level fluc tu a tions are clearly rep re sented in the
lithological suc ces sion and pol len spec tra. We com pared the L. Kñži pol len di a gram with well-stud ied sites from the Haanja Heights,
which have a sim i lar gen e sis. The most ob vi ous dif fer ence in these di a grams is the ear lier ap pear ance (9200 BP) of Picea pol len in the L.
Kñži pro file and its dom i nance up to 1000 BP. Com par a tive anal y sis of the li thol ogy and pol len spec tra from L. Kñži and ref er ence pro -
files from the Haanja Heights in di cate the im por tance of broad re gional fac tors in in flu enc ing the pol len spec tra. 
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INTRODUCTION

Dur ing the last few de cades, a num ber of stud ies have ad -
dressed the in flu ence of en vi ron men tal pro cesses at var i ous
time and space scales on the de vel op ment of veg e ta tion, eco -
sys tem and land scape (Delcourt and Delcourt, 1988; Pun ning
et al., 1995; Laurent et al., 2008). The de vel op ment of veg e ta tion
and the for ma tion of pol len spec tra is par tic u larly com plex on mo -
saic gla cial land scapes where vari able to pog ra phy and soils and
change able microclimatic, aero- and hy dro dy namic con di tions
limit the spa tial-tem po ral res o lu tion of pol len data for the re con -
struc tion of palaeogeographic con di tions. Many in ves ti ga tions
deal ing with lake de pos its show that wa ter level plays a cru cial
role in the for ma tion of pol len spec tra (e.g., Da vis and Brubaker,
1973). The ef fects of lo cal fac tors can be so dom i nant that few
strati graphic cri te ria pro posed for the Ho lo cene should be treated
as syn chro nous. There fore the study of such ar eas also gives
valu able in for ma tion in es tab lish ing con straints on
palaeogeographic and biostratigraphic meth ods (Lynch, 1996;
Sugita et al., 2006). 

Long-term strati graphi cal and palaeoclimatological stud -
ies have been car ried out on the Haanja Heights in Es to nia
(Ilves and Mäemets, 1987; Saarse and Rajamäe, 1997; Pun -
ning et al., 2004, 2005; Veski et al., 2005; Niinemets and
Saarse, 2007). The Haanja Heights is part of a well-de vel oped 
ice-mar ginal zone rang ing from the Le nin grad re gion (Luga)
to North Lith u a nia (Serebrjannyi and Raukas, 1966;
Serebrjannyi et al., 1970; Raukas et al., 2004). Dur ing the for -
ma tion of these land scapes a com pli cated proglacial flu vial
net work de vel oped be tween the in di vid ual pe riph eral ice
streams; pro cesses caused by ac tive and pas sive ice cre ated
mo saic to pog ra phy and soils on which the biogenic pro cesses
de vel oped (Zelcs and Markots, 2004). 

Study of the veg e ta tion his tory on the Haanja and Vidzeme
Heights is also im por tant in or der to clar ify the im mi gra tion of
in di vid ual tree spe cies into ar eas freed from con ti nen tal ice
cover. Eilart (1963) and Laasimer (1965) noted the im por tance
of the south east ern part of Es to nia with mo saic land scapes and
rivers such as the Gauja River as mi gra tion routes for many
spe cies. Most re cent syn the ses of the palynological and
climatostratigraphical data show that the veg e ta tion dy nam ics



in SE Es to nia was characterized by spe cific pat terns, such as
the early ar rival of Picea, Ulmus and Quercus (Niinemets and
Saarse, 2007). Es sen tial dif fer ences in the in di vid ual pol len di -
a grams com pli cate the re con struc tion of re gional
palaeoclimatic con di tions but of fer new pos si bil i ties for clar i -
fy ing the mech a nisms of the for ma tion of lo cal veg e ta tion his -
tory and resultant pol len spec tra (Ralska-Jasiewiczowa, 2006).

De tailed stud ies of three Ho lo cene peat pro files within the
small Vällamäe (Haanja Heights) ket tle-hole (di am e ter of
150 m) showed that microclimatic vari a tions pro duced dif fer -
ences in the pol len con tent of dif fer ent pro files (Pun ning et al.,
1995). The tem po ral dis tri bu tion of so lar ra di a tion fall ing on the
ket tle-hole and the de vel op ment of the hy dro log i cal re gime in
gen er at ing di verse peat se quences was highly sig nif i cant in con -
trol ling the ear li est stages of mire de vel op ment.

Al though the postglacial veg e ta tion his tory of Lat via has
been stud ied since the be gin ning of the 20th cen tury, and pol -
len zones of Ho lo cene de pos its from many peat pro files from
dif fer ent re gions have been used to com pile a re gional sum -
mary di a gram for the whole of Lat via, palynological and
climatostratigraphical in for ma tion from the Ho lo cene veg e ta -
tion his tory in North ern and Cen tral Lat via is rather poor. The
only avail able palynological pro files from the Lat vian part of
the Haanja Heights (Alñksne Heights) are un dated (Vanaga,
1970) and for the Vidzeme Heights are to tally ab sent. There -
fore, to gether with col leagues from the Uni ver sity of Lat via,

we started a com pre hen sive study of the Ho lo cene sed i ment
pro files in this area. 

In this pa per we fo cus on the es tab lish ment of the de vel op -
ment of en vi ron men tal con di tions of the Vidzeme Heights
through pol len and macrofossil anal y ses of sed i ments from
L. Kñži com bined with litho- and chronostratigraphy. This is the
first site in this re gion with a well-es tab lished chro nol ogy, en -
abling dis crim i na tion of dif fer ences and sim i lar i ties with the
palaeoenvironmental de vel op ment the Haanja Heights in Es to nia. 

STUDY AREA

Lake Kñži is sit u ated in Cen tral Lat via in the west ern part of
the Vidzeme Heights amongst the Piebalga hilly area (57°2’N
and 25°20’E; ab so lute height 191.5 m a.s.l.; Fig. 1). The
Vidzeme Heights is lo cated dis tally from the ice-mar ginal de pos -
its of the Luga (North Lith u a nian) stage. The most im pres sive
de pos its of this ice ad vance form a wide belt of heights at about
13 200–13 000 BP (Raukas et al., 1995). The to pog ra phy of the
Vidzeme Heights is var ied and com plex, with a dom i nance of
subglacial land forms. The el e va tion of the area var ies from 180
to 240 m. Small de pres sions be tween hill ocks were formed fol -
low ing the with drawal of gla ciers from mar ginal land forms.
Many bas ins, such as L. Kñži, have a glaciokarstic or i gin. 
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Fig. 1. Lo ca tion of the study sites in the Haanja Heights and Vidzeme Heights (A); bathymetry of Lake Kñži, to pog ra phy and land cover 
of the lake catch ment (B)



The Vidzeme Heights have a moist climate. The av er age
an nual pre cip i ta tion is about 800 mm of which 550 mm falls
dur ing the warm sea son and 250 mm dur ing the cold sea son.
The mean tem per a ture var ies from –7.5°C in Jan u ary to 16.5°C 
in June. The veg e ta tion pe riod lasts for 175–185 days.
The frost-free pe riod lasts for 120 days and the area is usu ally
cov ered with snow from No vem ber to April. The thick ness of
the snow cover may reach 50 cm. The soils are ex tremely var -
ied in the re gion be cause of the hilly to pog ra phy. On the hills
podzols dom i nate, which on the cul ti vated slopes are in ten -
sively eroded (�boltiÖš, 1997).

The Vidzeme Heights be longs to the Cen tral Vidzeme
geobotanical re gion. Only 25% of the heights are cov ered with
for est; the rest of the ter ri tory is mainly cul ti vated. The most
com mon are Oxalidosa and Aegopodiosa spruce for ests, which 
make up 50.4% of all the for ests in the area. A to tal of 1009
vas cu lar plant spe cies have been re corded, of which 167 oc cur
in lakes (Kabucis, 1994).

Lake Kñži is 6.3 ha in area (max i mum length 380 m, width
210 m and depth up to 7 m) with a lim ited flow-through. It is
sit u ated in the hilly land scape and is sur rounded in the NW part
of the lake by a peaty area up to 100 m wide (Fig. 1B). The
thick ness of fen peat and lac us trine sed i ments in the sur round -
ing area reaches 630 cm. The size of the lake’s catch ment area
is 1.2 km2 and it is cov ered with for ests to the east and west of
the lake. Mead ows and ag ri cul tural land are sit u ated to the
north and south of the lake. A 2 m ter race around the lake is
clearly vis i ble.

METHODS

SAMPLING

A sed i ment core of 650 cm was taken in the sum mer of
2007 with a Belarussian (Rus sian) peat sam pler from the
paludified north west ern shore of L. Kñži (Fig. 1B). A de scrip -
tion of the core was re corded in the field. Then the sed i ment
core was dis sected into 50 cm long pieces, pho to graphed and
wrapped in plas tic. A subsampling for the dif fer ent anal y ses
was made in the lab o ra tory. At first macrofossils from lay ers of
dif fer ent com po si tion were picked out for AMS 14C dat ing per -
formed in the Poznañ ra dio car bon dat ing lab o ra tory, Po land.
Af ter that sam ples for lithological anal y ses (1 cm3 sam ples
from ev ery 20 cm) and pol len anal y sis were taken. The sed i -
ment sam ples for macrofossil anal y ses, which re quire a larger
amount of ma te rial, were col lected from a 20 cm in ter val with a 
thick ness of 5 cm. 

ANALYSES

The lithological anal y ses were per formed by the stan dard
loss-on-ig ni tion (LOI) method. To de ter mine the wa ter con -
tent, the sam ples were dried to con stant weight at 105°C. The
con tent of or ganic mat ter was mea sured af ter 3.5 hours of com -
bus tion at 550°C and ex pressed as the per cent age of dry mat ter. 
The car bon ate con tent was cal cu lated from the loss of weight
af ter burn ing the LOI res i due at 950°C for 2.5 hours (Heiri et

al., 2001). The siliclastic (minerogenic) com po nent was cal cu -
lated by sub tract ing from the dry mass the amount of LOI550

and LOI950.
For macrofossil anal y ses 100 cm3 sam ples were dis persed

in wa ter and washed gently through a 250 mm mesh sieve. Res i -
dues were dis persed in wa ter and ex am ined on a white plate un -
der a ste reo mi cro scope. The gen eral com po si tion of each sam -
ple and the rel a tive abun dance of the com po nents in per cent -
ages were es ti mated by us ing a 10 ́  10 square grid graticule in -
serted into one of the mi cro scope eye pieces and mov ing the
spec i men plate ran domly to 10 dif fer ent po si tions and av er ag -
ing the re sults. The fol low ing com po nents of the sed i ment frac -
tions were sep a rated: leaves and stems of mosses (mainly
Warnstorfia spp.), amor phous her ba ceous de bris (lim ited to
small roots of Carex spp. and epi der mis of Typha latifolia L.
and Nuphar lutea (L.) Sm) and a lig ne ous part (small pieces of
wood or bark and so on). All seeds, fruits and other iden ti fi able
re mains were iden ti fied with the aid of ref er ence col lec tions
and de scrip tive man u als and the re sults were ex pressed as num -
ber of macrofossils per 100 cm3.

For pol len anal y sis 1 cm3 block sam ples were treated with a
10% KOH so lu tion fol lowed by a stan dard acetolysis ac cord -
ing to Moore et al. (1991). In gen eral, at least 500 ar bo real pol -
len grains were de ter mined un der the mi cro scope. The per cent -
age pol len di a grams are based on to tal pol len sums. The di a -
grams were made us ing the TILIA pro gram. Pol len and spore
no men cla ture fol lows Moore et al. (1991).

RESULTS

LITHOLOGY AND CHRONOSTRATIGRAPHY

The un con sol i dated or ganic-rich de pos its with high wa ter
con tent (80–90%) of L. Kñži lie above on fine-grained silty
sands. The Ho lo cene sed i ment se quence was di vided into four
lithostratigraphic units (Ta ble 1). Unit 1 con sists of woody peat
rich in wood re mains. Unit 2 is detritic gyttja with interlayers of 
well-de com posed peat and sand; wood frag ments are also pres -
ent. Unit 3 con sists of slightly de com posed fen peat char ac ter -
ized by a high con tent of wood re mains. The top most 30 cm of
the sed i ments (unit 4) con sists of well-de com posed peat lay ers
un der slightly de com posed Sphag num-Carex peat. 
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Depth from
the sed i ment
sur face [cm]

Unit Lithological de scrip tion
Or ganic mat ter 

[%]

0–30 4
slightly de com posed 
Sphag num-Carex peat

80–90

31–150 3
slightly de com posed fen peat
with pieces of wood re mains

90–95

151–580 2
detritic gyttja, peaty sand

interlayers
40–75

581–627 1 woody peat 75–85

T a  b l e  1

Lithological units of the Kñži sed i ment se quence
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Fig. 2. Lithostratigraphy of the core stud ied; phys i cal com po si tion of sed i ments: wa ter con tent, or ganic mat ter con tent in per cent ages from
dry mat ter (LOI550); car bo na ceous mat ter (cal cu lated on the ba sis of LOI950) con tent in per cent ages from dry mat ter; siliclastic (minerogenic)

com po nent was cal cu lated by sub tract ing from the dry mat ter the amount of or ganic mat ter and car bo na ceous mat ter

Fig. 3. Age-depth curve of the Lake Kñži core based on five AMS 14C dates shown in Ta ble 2



The li thol ogy of the sed i ment pro file is clearly rep re sented
in the com po si tion of the sed i ments (Fig. 2), with a high con -
tent of or ganic mat ter (OM) in the woody peat (up to 85%). The 
OM con tent in unit 2 var ies from 40 up to 75%, in di cat ing a
change able sed i men tary en vi ron ment. In unit 3 the OM con tent 
is high and sta ble (ca. 95%). The con tent of car bo na ceous mat -
ter is gen er ally uni form through the core (2–3%).

The age-depth curve (Fig. 3) was com piled on the ba sis of
five AMS 14C dates (Ta ble 2). The 14C dates were also cal cu -
lated in cal en dar years, but in or der to com pare dif fer ent se -
quences in this pa per we fur ther ap ply only uncalibrated 14C
dates in years BP. Three sed i men ta tion pe ri ods of dif fer ent ac -
cu mu la tion rates could be dis tin guished on the 14C age-depth
di a gram. The ac cu mu la tion rate was gen er ally sta ble and high
at the be gin ning of the Ho lo cene (10 000 BP up to 7000 BP)
and over the last few mil len nia (since ca. 1000 BP). There was
a tran si tion in ter val be tween these when the area stud ied was
fre quently flooded, and the sed i men ta tion rate was much lower
and more vari able.

POLLEN AND MACROFOSSIL STRATIGRAPHY

The L. Kñži pol len di a gram is di vided into five ma jor
LPAZ (Lo cal Pol len As sem blage Zones; Fig. 4). These pol len
zones largely cor re spond with the macrofossil zones (Fig. 5)
and co in cide with some lithological units (Ta ble 1). The low er -
most part of the pol len per cent age di a gram (10 000–9000 BP,
LPAZ K-1; 650–560 cm) is char ac ter ized by high Betula and
NAP fre quen cies, which de cline up wards. The NAP con sist
mainly of Poaceae pol len and their fre quency is fairly high
(40%). The Pinus curve is ir reg u lar and its pol len con tent is be -
low 20%. Polypodiaceae and Sphag num spores are pres ent in
val ues of 10–20%. Among the macrofossils, only seeds and
cat kin scales of birch are rep re sented among the re mains of
trees and seeds of Carex and Menyanthes tri foli ata among the
re mains of herbal plants in zone KM1 (Fig. 5). The role of the
lig ne ous frac tion was higher in the low er most lay ers.
Lithologically these fit within unit 1.

A sharp in crease in Alnus, Corylus (up to 20%) and Ulmus
pol len is char ac ter is tic of LPAZ K-2 (9000–6500 BP; 559–375 
cm). At the be gin ning of the zone there is a slight in crease in
Picea pol len be gan. Low per cent age val ues of Picea pol len at
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Sam -
ple

depth
[cm]

Lab. 
num ber

Macrofossils 
sub mit ted

14C age
[yr BP]

Cal 14C age 
[yr BP] 68% prob -
a bil ity (Reimer et

al., 2004)

190 Poz-23170 plant re mains 925 ±30      790–910 

269 Poz-23171 plant re mains 2825 ±35   2 870–2 965

345 Poz-23172 plant re mains 6240 ±50   7 020–7 260

490 Poz-23174 plant re mains 8030 ±50   8 770–9 020

625 Poz-23175 wood re mains 9810 ±60 11 185–11 265

T a  b l e  2

AMS 14C data from the Kñži sed i ment se quence
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the be gin ning of the zone sug gest that this most prob a bly rep re -
sents only scat tered trees. Since 8000 BP the fre quency of
Picea pol len con tin u ously in creased. At the same time the per -
cent age of Pinus re mained low (less than 20%). By the end of
LPAZ K-2 pol len of Quercus and Tilia be gan to in crease. A
few birch and al der seeds and in di vid ual Carex and
Menyanthes tri foli ata seeds were found from the macrofossils
in zone KM2. The frac tion of moss re mains var ied from 70 up
to 15% (Fig. 5). 

In LPAZ K-3 (6500–2500 BP; 374–250 cm) the con tent of
Picea pol len reach a first max i mum of 40%. The fre quen cies of 
Betula and Alnus are around 20%. Tilia had the max i mum val -
ues at the be gin ning of the zone. By the end of the zone the
amount of the pol len of Quercetum mixtum was steadily de -
creas ing. Only macrofossils orig i nat ing from trees and in di vid -
ual frag ments of Nymphaea alba seeds were found in the sed i -
ments of zone KM3 (Fig. 5). The li thol ogy of this LPAZ K-3,
de tri tus gyttja with interlayers of well-de com posed peat and
sandy peat and some pieces of wood re mains, in di cates a
change able sed i men tary re gime. The pres ence of spruce nee -
dles in di cates that a spruce for est was grow ing around the lake
with some birch, wil low and al der trees near the shore line.
Around 2200 BP, at a depth of 250 cm, a short-term de crease in 
Picea pol len with a si mul ta neous in crease in Betula pol len oc -
curred. The in crease in Poaceae pol len and Polypodiaceae
spores sug gests that there were changes in wa ter level. 

Zone LPAZ K-4 (2500–700 BP; 249–160 cm) is char ac ter -
ized by a max i mum of Picea pol len (up to 70%). Betula and
Alnus pol len fre quen cies were around 10–20%. A slight in -
crease oc curred in Pinus pol len con tent (up to 20%). The seeds
and cat kin scales of Betula were pres ent in the high est val ues of 
up to 150 per 100 cm3 of the sam ple in zone KM4 (Fig. 5). The
num ber of the re mains of other trees such as nee dles and seeds
of Salix and Picea was high. For the first time the seeds of
aquatic plants such as Nymphaea alba, Potamogeton spp. and
in di vid ual Chara oo spores ap peared in these lay ers. 

Zone LPAZ K-5 (700–0 BP; 159–0 cm) is char ac ter ized by
a very sharp de crease in Picea pol len and an in crease in Betula,
Pinus and Alnus pol len. The for mer lake shore re ceded and the
area around the lake be came cov ered with fen peat where
Carex diandra and other Carex spe cies grew, as in di cated by
macrofossil data (Fig. 5).

DISCUSSION

The change able li thol ogy, sharp vari a tions in the OM con -
tent and in the sed i men tary ac cu mu la tion rate in the L. Kñži
show that marked fluc tu a tions of lake level and al ter na tion of
re gres sive-transgressive phases of the lake took place dur ing
the Ho lo cene. The well-sorted fine-grained silty sands in the
basal lay ers ac cu mu lated most prob a bly in the ice-dammed
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Fig. 5. Dis tri bu tion of macrofossils in the L. Kñži sed i ment core

The frac tions of sed i ment types are given in per cent ages, macrofossils as the num ber of seeds per 100 cm3 of the sed i ment



lake that formed on the Vidzeme Heights dur ing the Late Gla -
cial. The woody peat rich in wood re mains, ly ing on sands at
depths of 627–625 cm, is dated to 9810 BP and in di cates a rel a -
tively low wa ter level at the be gin ning of the Ho lo cene. This
early postglacial re gres sion was brief as from a depth of 610 cm 
(from ca. 9500 BP) up wards well-de com posed peat and fur ther 
gyttja with sand and woody peat interlayers ac cu mu lated. Such
lithologies sug gest a con tin u ous wa ter level rise, which was
fre quently in ter rupted by short-term pe ri ods of wa ter level low -
er ing. The wa ter level fluc tu a tions are also viv idly re corded in
the OM val ues (Fig. 2). The de crease of OM val ues from a
depth of 590 cm up wards is at first dras tic and then rather
smooth up to min i mum val ues in lay ers from 400 up to 270 cm
(ac cu mu lated since 7000 BP to 3500 BP). From that level on -
wards the or ganic mat ter con tent again starts to in crease. The
sed i ments of low est or ganic mat ter con tent con sist of ho mo ge -
neous gyttja rich in min eral mat ter with scarce plant re mains.
Such sed i ments are char ac ter is tic of the deep and near-shore
wa ter en vi ron ment. The up per con tact be tween gyttja and
well-de com posed fen peat at a depth of 150 cm is sharp and is
char ac ter ized by a rapid in crease in the OM con tent up to 95%.

Com par i son of wa ter level changes in L. Kñži with the data
ob tained in our ear lier stud ies on the bo tan i cal com po si tion re -
cords in the Vällamäe ket tle-hole in the Haanja Heights (Pun -
ning et al., 1995) and, with the li thol ogy and geo chem is try of
sed i ments in the transect through Lake Juusa in the Otepää
Heights (Pun ning et al., 2005) gives a pos si bil ity of es ti mat ing
re gional and lo cal spe cific fea tures of the hy dro log i cal bal ances 
of the lakes stud ied. It seems that a high wa ter level dom i nated
in all the lakes stud ied at the be gin ning of the Ho lo cene some -
what be fore and around 10 000 BP. Af ter that a rapid wa ter
level fall took place in L. Kñži, but in the Vällamäe ket tle-hole
and es pe cially in L. Juusa the wa ter level was rel a tively high
through out the Early Ho lo cene, at least up to 8200 BP. Then in
L. Juusa a clearly rep re sented re gres sion fol lowed and the wa -
ter level was rel a tively low up to 6000 BP. Con trast ing trends
are re corded in the sed i ments of L. Kñži and Vällamäe. Dur ing
that time gyttja of low OM con tent ac cu mu lated in L. Kñži and
the pres ence of Warnstorfia fluitans in the Vällamäe ket tle-hole 
in di cates a high wa ter level (Pun ning et al., 1995). 

From 6000 BP a wa ter level rise is re corded in all the pro -
files stud ied. The lithological com po si tion of the sed i ments in -
di cates that this pro cess was not uni form; the am pli tudes of
fluc tu a tions dif fered and were even at times op po site in phase.
So in the Vällamäe peat pro file the yel low interlayers in di cate
some wa ter level rise about 3800, 2200, 1600 and 700 years
ago (Pun ning et al., 1995). In L. Juusa the wa ter level rose 4000 
BP fol lowed by a re gres sion at 3200 BP (Pun ning et al., 2005)

and in L. Kñži the wa ter level fluc tu ated around its max i mum
level from 7000 BP up to 3500 BP. A com mon fea ture of all the 
sites stud ied is the rel a tive low er ing of the wa ter level since
about 1000 BP. 

Thus the lithological com po si tion of the se quence stud ied
clearly re flects two ter res trial pe ri ods (first from ca. 10 000 BP
up to 9500 BP and then from 700 BP up to the pres ent) when
the wa ter level was be low or around the sed i ment sur face and a
lac us trine pe riod be tween them when the wa ter level was
mainly above it. This con clu sion is also sup ported by the pol len 

data (Fig. 4): the con tent of herb pol len is con sid er ably higher
in lay ers ac cu mu lated in the Early and Late Ho lo cene. 

The re con structed vari a tions in the changes of the sed i men -
ta tion en vi ron ment set ad di tional con straints on the strati -
graphi cal res o lu tion and ad e quacy be tween pol len spec tra and
veg e ta tion on the catch ment. There fore we pro vide char ac ter -
iza tion of pol len di a grams for com par i son of the Kñži site with
the Vällamäe (Pun ning et al., 1995) and Tuuljärv (Ilves and
Mäemets, 1987) sites within the Haanja Heights (Fig. 1A) on
the ba sis of the 14C data (Ta ble 3). Lake Tuuljärv was cho sen as
it is ap prox i mately of the same size (3.6 ha) as L. Kñži, and the
core for palynological anal y ses was taken from the quag mire
area. The sed i men tary re gime should there fore be com pa ra ble
with that of L. Kñži.

In sed i ments that ac cu mu lated in the ref er ence sites on the
Haanja Heights dur ing the Early Ho lo cene, Pinus and Betula
pol len dom i nated (Ta ble 3). On the Vidzeme Heights, Ho lo -
cene wood land de vel op ment started with scat tered birch woods 
with in di vid ual pine trees. Most char ac ter is tic of the pol len di a -
gram of L. Kñži is a clear signs of Picea ap pear ing al ready from 
9000 BP (ca. 1000 years be fore its ap pear ance in the Vällamäe
sec tion) and its con tin u ously high pro por tion up to the Late Ho -
lo cene. This dif fer ence in the dis tri bu tion of spruce in pol len di -
a grams from the Haanja and Vidzeme heights might partly be
ex plained by the char ac ter is tics of spruce pol len grains. These
may be overrepresented in pol len spec tra dur ing the lac us trine
phase of sed i men ta tion in Kñži site due to their saccate struc -
ture. This might also be one of the rea sons why the con tent of
Picea pol len reaches such high val ues (up to 70% of AP) in the
lac us trine sed i ments and de creases rap idly in the fen peat lay -
ers. How ever, it should be men tioned here that at pres ent the
pro por tion of spruce-dom i nated for ests in the Vidzeme Heights 
is around 50% while in the up per most sam ple from the peat in
the Kñži site it is around 20%. 

The suc ces sive im mi gra tion of the shade-tol er ant and com -
pet i tive broad-leaved for est trees — Alnus, Ulmus and Corylus
— be gan in the area of L. Kñži about at 9000 BP (Fig. 4). The
change in the pol len as sem blage sug gests warm ing as well as
in creased pre cip i ta tion ac com pa nied by a rise in the wa ter
level. Ear lier ex pan sion of Alnus was also no ticed in L.
Tuuljärv (Ilves and Mäemets, 1987). In Po land the wide dis tri -
bu tion of Alnus is dated to 8500–8000 BP (Ralska-
 Jasiewiczowa, 2006) and such a broad spread of moist wood -
land most prob a bly sug gests a pe riod of greater rise of wa ter
lev els. Si mul ta neously with an in crease in the pol len of
thermophilous trees a sig nif i cant de cline in Betula pol len is seen in 
the L. Kñži di a gram. In this di a gram a mod est (ca. 15–20% of AP) 
and al most con stant con tent of Pinus pol len through out the Ho lo -
cene is com mon. By con trast in the sites from the Haanja Heights
Picea pol len ap pears much later and its fre quen cies are highly
vari able. In L. Kñži Picea pol len is dom i nant among the tree pol -
len (55–70%) in de pos its ac cu mu lated from 4500 up to 700 BP. A
short-term Picea pol len de cline at ca. 2300 BP con curred with an
in crease in Betula and Alnus pol len. The low er ing of the lake level
and a change in the pol len source area might have caused this. The
Vällamäe and Tuuljärv sites also dem on strate a bound ary around
2500 BP but with an in crease in Betula and Pinus and a re duc tion
in Alnus. Picea is most vari able hav ing max i mum val ues in
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L. Kñži at around 1000 BP, in Tuuljärv at 500 BP and in
Vällamäe at 1500 BP (Ta ble 3).

Com par a tive anal y sis of the pol len di a grams of the cores from
L. Kñži, the Vällamäe ket tle-hole and L. Tuuljärv in the Haanja
Heights (Ta ble 3) in di cates con sis tency in pol len com po si tion.
The main dif fer ence is that Picea pol len ap pears tem po rally ear lier 
and is dom i nant in the de pos its ac cu mu lated dur ing the pe riod of a 
high lake level. It is a clear ev i dence that spruce for ests to gether
with mixed pine-spruce for ests dom i nated on the higher hills
near the west ern and east ern slopes around L. Kñži.

Sharp changes in the pol len com po si tion dur ing the last
thou sand years re flect changes in pol len trans port and ac cu mu -
la tion path ways. In the pol len di a gram the con tent of Alnus,
Betula and Pinus pol len in creases to gether with herb pol len.
These taxa grow in the near est sur round ings of the site stud ied
on the north west ern paludified area of L. Kñži and have played
a dom i nant role due to the de crease of the wa ter level.

Com par i son of the L. Kñži pol len di a gram with the pol len
di a grams from the mire sed i ments from the Vällamäe ket -
tle-hole and L. Tuuljärv in the Haanja Heights dem on strates
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that the dif fer ence is not larger than the dif fer ence be tween the
ref er ence sites them selves. The most dis tinc tive biostrati -
graphic units on a re gional scale are the changes in the Early
and Late Ho lo cene. Fre quent fluc tu a tions in wa ter level at the
site stud ied in the Mid dle Ho lo cene had marked im pact on the
com po si tion of the pol len spec tra and there fore the re spec tive
part of the pol len di a gram only weakly re flects the changes in
for est com po si tion.

CONCLUSIONS

Re sults of com pre hen sive palaeoenvironmental stud ies of
a sed i ment core from the shore of L. Kñži have re vealed sig -
nif i cant changes in the hy dro log i cal re gime on the north west -
ern area of the Vidzeme Heights dur ing the Ho lo cene. The
lithological com po si tion of the se quence stud ied clearly re -
flects two pe ri ods (first from ca. 10 000 BP up to 9500 BP and 
the sec ond from 700 BP up to the pres ent) when the wa ter
level was be low or around the sed i ment sur face, and a lac us -
trine pe riod be tween them when the wa ter level was mainly
above the sed i ment sur face. This con clu sion is also sup ported
by the pol len data: the con tent of herb pol len is con sid er ably
higher in the lay ers that ac cu mu lated in the Early and Late
Ho lo cene. These vari a tions in the sed i men tary en vi ron ment

set ad di tional con straints to the strati graphi cal res o lu tion and
the de gree to which pol len spec tra may be in ter preted in terms
of veg e ta tion on the catch ment.

The Ho lo cene pi o neer veg e ta tion in the area stud ied con -
sisted mainly of birch with some pine trees. The main dif fer -
ence be tween the com po si tion of the L. Kñži pol len di a gram
and those from of the Haanja Heights sit u ated to the north-east
(Vällamäe and Tuuljärv sites), which have been more thor -
oughly stud ied, is the early ap pear ance of Picea pol len at
9000 BP and its dom i nance up to 700 BP. As to the com po si -
tion of the re main ing taxa, the L. Kñži di a gram is rather sim i lar
to the pol len di a grams from the Haanja Heights, show ing sim i -
lar ity of veg e ta tion his tory in the cen tral part of the
Luga–Haan ja–North-Lith u a nia ice-mar ginal zone.
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