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Mecga-remnants of past vegetation like sub-fossil (ree trunks arc scldom uscd in Lithuanian vegetation history studics
The paper desceribes the analysis of sub-tossil oak Uimbers discovered in pealy ground in the BirZzai Uorcst Enterprisc,
North Lithuania. Radiocarbon dating has revealed (hat these oak trees grew in the first halt of the Atlantic period
before 7-6.5 millennia. Annual radial growth scrics of the trees were analysed using dendrochronological methods. Having
synchronized the growth scrics of tour timbers a 207 ycars long mean scries of the Mid-Holocene oak annual radial
grow(h was compiled. The cxistence of boggy oak forest type on the territory of Lithuania in prchistoric times has been
established. Chronological coinctdence of the period of the investigated sub-fossil bog oak growth with the formation of
a well-represented oak horizon in Northwest Germany bogs hints to inter-regional parallulism in the Holocence vegetation

history.
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Introduction

The knowledge of the Holocene vegetation his-
tory and forest development on the territory of Lithua-
nia is derived mainly from the pollen and peat compo-

sition analysis (Kabatliene 1990). The investigation of

mega-remnants like sub-fossil tree trunks can reveal
quite sophisticated information on past environmen-
tal changes, for example aspects of landscape dynam-
ics, forest stand dynamics, hydro-regime changes, ctc.
(Pukiene 2001, Leuschner et al. 2002, Spurk ef al. 2002).

In West European tree ring laboratories the in-
vestigation of sub-fossil oaks (Quercus spp.) excavat-
ed from different types of scdiments started in the
1970s (Leuschner ef al. 2000). At the same time the
collection of oak trunks. buried in riverine sediments
of the river Neris, has begun in Lithuania, in the lab-
oratory of dendroclimachronology of the Botany In-
stitute (bursnuckac ¢t al. 1978). These trunks arc the
remnants {rom prehistoric vak-woods that grew in the
river valley and later died and were buried by gravel
deposits due to riverbank crosion.

In West European countries ( reland, iermany,
the Netherlands), in addition to river gravel deposits,
oak trunks are also found in peat bog layers (Leus-
chner ef al. 1987). At present peat bogs are not the
typical sites for oak-woods all over the arca of Quer-
cus robur L. and Quercus petrea L. distribution,
Therefore the layers of oak trunks in peat deposits are
an interesting indicator of the boggy oak forest type,

which existed in previous geological periods of the
IHolocene.

In Lithuarmia oak-woods usually grow in fertile and
comparatively dry soil types (Vailys, Karazija 1997).
The main type of the present day Lithuanian oak for-
ests 1s Hepatico-oxalido-Quercetum (Karazija 1997).
The moistesi oak forest type is Carico-mixtoherbo-
Quercetium (1bid). At present peat soils are referred to
as not suitable ior oak (Vailys, Karazija 1997).

The presence of sub-fossil oak trunks in peat
deposits demonstrates that boggy oak-woods existed
in Lithuania in the past too. Such trunks were exca-
vated from peat layers in the Birzai district, North
Lithuania. The aim of the presented study was to in-
vestigate this unique relict of ancient bog oak-woods
and complement the knowledge of the postglacial his-
tory of Lithuanian forests.

Materials and methods

Partly destroyed oak trunks were found in the
BirZai forest enterprise in peaty ground during exca-
vation of a pond. Geographical co-ordinates of the site
are 56°12°N 24°44°E. Several meters long and up to 0.5
m in diameter oak trunks were embedded in layers of
peat deposits at 2 — 4 m depth. Crown and root parts
were rotted away but central parts of stems were
sound enough to carry out the analysis of wood and
annual tree rings.
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Five well-preserved trunks of oaks werc examined.
Annual radial growth sequences of the buried trees
werce analysed and temporal position of the trec growth
was established using dendrochronological and radi-
ocarbon analysis. The width of annual ree-rings has
been measured using a stercomicroscope with an ac-
curacy to 0.025 mm. The measurement was carricd out
on cross-scctions of trunks along radial tracks pre-
pared by a razor blade, two or three radii per speci-
mcen. Tree-ring width sequences for cach radius have
been plotted, synchronised and averaged to gct a sin-
ale tree-ring serics representing the specimen (a sin-
gle tree). The specimen ring scries were then synchro-
nised among themselves. Synchronisation has bcen
carried out using standard technique by looking [or
the position of ring series overlap with highest val-
ues of statistical correlation and best visual cross-
match of graphs. Student’s t-value of the correlation
coefficient calculated according to Baillie and Pilcher
(1973) was uscd as a statistical test for the correla-
tion between the compared series.

For radiocarbon dating of the excavated trees,
wood samples consisting of 16 to 40 annual rings were
prepared for cach specimen. Chemical treatment of the
wood was carried out in the Radioisotope Laboratory
of thie Lithuanian [nstitute of Geology and Geography.
The content of "C isotope in the samples was mcas-
ured in the Laboratory of Radioisotopes of Vytautas
Magnus Universily by using highly precise LSC
“Quantulus-1220” cquipment.

Results

After measuring trec-rig width of the sub-fossil
oak specimens, time series of 113 to 183 years were
constructed. The analysts of the annual radial incre-
ment has revealed that despite the moisture and pro-
gressing peal accumulation, the site conditions were
suitable for oak growth. Tree-ring width fluctuated
within the range from 0.5 to 2.5 mm, the average an-
nual radial increment was 1.56 mum.

By comparing the series ol ring width on differ-
ent measurcment radit it was established that all the
specimens had more or less expressed trunk growth
cccentricity. Cumulative annual increment measurcd
along two different radii of specimen Bra002_m stem
is presented in Figure 1. Despite the prevailing high-
er increment rate along one trunk radius, inter-annual
fluctuations of the radial increment were highly syn-
chronous comparing different radu in all examined trees.

After synchronization of the tree-ring serics rep-
resenting the specimens, series of four specimens werc
relatively dated against each other. In syuchronous
overlap position t-values of series correlation ranged
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from 3.32 to 21.64 (Table ). In Figure 2, visual cross-
match of the synchronized growth series of two trees
(Bra001_m and Bra005 m) is demonstrated. Tree-ring
serics of specimen Bra004 m could not be dated
against the series of the remaining specimens because
the growth fluctuation lacked similarity and statisti-
cal test values were low 1n all series overlap positions.

Table 1. Relative position of the synchronised tree-ring sc-
rics of the ivestigated sub-fossil oak trees and results of
statistical t-test of corrclation between the serics

= Thengih | Relative dates Correlation coelTicient 1-value
Specimen = = : -
‘ ciude ‘ (\)_I_Iil_:\"" ‘ First ring | 1 ‘ braOl m bra02_m  bra03_m  bra0S _m
| brathi_m T | i Vi . V63 149 11,73
bra02_m 139 59 197 . 214 1.53
bra03_m 140 00 199 ’ . . 3,32
braQs_m | 133 75 207 * .

Figure 2. Visual cross-match of the growth scrics of two
subfossil oak trecs (Bra001l_m and Bra005 m) in the syn-
chroniscd position

Radiocarbon dating of wood has revealed that all
the examined oak trees grew in the Middle Holocene,
in the Atlantic period that lasted from 7500 to 5000
years before present. The established "C dates of the
speeimens ranged trom 5490+/-40 to 6130-/-40 years
before present (BP). The Atlantic period is referred to
as the warmest period in the postglacial history and
most suitable for broadleaf tree species spread (Kabai-
liene 1979). Radiocarbon dates with the laboratory
indices and the ranges of calibrated calendar years of
wood formation are presented in Table 2. Radiocarbon
dates were calibrated according to the Stuiver and
Pearson (Stuiver, Pearson 1993, Pearson, Stuiver 1993)
calibration curve, expressing the deviation of the real
amount of radiocarbon in the atmosphere from the
thecoretically stable level.
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Table 2. Subfossil oak radiocarbon dating results

within 1 @
letdir years

Il,e-nglh Ra Calibrate

of ring

¢ of | Conventional

Laboratory | Speci
index code

SEeS

1678-4638; 46214502

5194-5185; 5073-4960

BraDO3_m| 140 | 17-34
Bra0O04 _m| 113 40-50

[VDU-153
VDILI-156

6130 +/-40

VDU-15 Bral01_m| 183 139-162 5605 +/-40  {534-4460
VDU Bra(02_m| 139 102-118 5490 +/-40 H438-4427; 4365-432]; 4285-4260
VDU-159 | BraOS m | 133 T0-95 5660 +/-60)  H565-4451; 44214395

= BP - belore present, Le. before AD1950

Radiocarbon dating of four specimens that were
cross-dated by dendrochronological method
(Bra001_m, Bra002 m, Bra003 m and Bra005 m) has
showed close '""C dates. These oaks grew about six
and a half millennia before present, i.e. around 4600 —
4400 years BC. Calibrated "*C date of oak No. Bra004 m,
the tree-ring series of which could not be dated against
those of the rest specimens, has revealed that this tree
arew on the same boggy site several centuries earlier.
It grew in the first half of the Atlantic pcriod, around
5100 - 5000 years BC. In Figure 3 approximate posi-
tions of the growth span of the examined oaks on a
time scale are presented.

Brall5_m | \
6130440 |

Bra003 m

Brad02_m

Bra001_m

-5200 -5109 -50C0 -4900

calbrated date year BC

Figure 3. Positioning of thc growth spans of the examined

oaks on a time scale according to dendrochronological and
radiocarbon dating results. Lighter shading points out the
tree-ring intervals sampled for radiocarbon analysis, nearby
numbers indicate conventional radiocarbon dates BP

Synchronised tree-ring series of the contempora-
neous oak specimens (Bra00l m, Bra002 m, Bra003 m
and Bra005 m) were averaged and 207 years long mean
series of the Mid-Holocene oak annual radial growth
was compiled. This mean seriecs BRAMEAN2 i1s pre-
sented in Table 3.

Discussion

Buried in specific anaerobic conditions wood as
well as other remnants of past vegetation can be pre-
served for centuries. Investigated sub-fossil oak tim-
bers were preserved in peat deposits for almost sev-
en millennia. Accumulating peat had covered dead
trees and inhibited wood decomposition. Formation of
peat layers around tree remains is an indicator of site

Table 3. Mean series of annual radial growth of sub-fossil
oaks that grew in the Atlantic period 1n the middle of the 5
millennium BC (in 0.0 mm)

[ Years [0 1 |~ 3 |4 [s
| Decades |

1 191 4 191 173
BRAMEA 10 169 198 204 193 169
BRAMEANZ | 20 153 184 213 208 172
AE. 30 175 214 185 204 224
40 163 219 156 165 137
50 77 104 128 134 105

60 58 154 125 4 61
70 1 222 234 233 183
80 15 169 183 203 96
90 226 225 192 208 154
100 243 220 14 131 180
110 144 170 150 163 5
120 205 189 169 171 125
130 11 130 153 167 69

140 15 183 145 115 162

2150 96 126 126 133 12
BRAMEANZ | 160 126 137 137 174 154
BRAMEAN2 | 170 172 170 181 161 100
2 128 113 129 110 £3

100 102 97 107 &8

92 90 14 151 139

bogginess and proves the existence of boggy oak-
woods on the territory of Lithuania in the Atlantic
period.

Specific dark colour is characteristic of oak wood
that has been lying in wet ground or water for a long
time (such wood 1s called “black oak”). The intensity
of colour change is sometimes used as an indicator
of oak wood age. But the wood of the investigated
oaks from peat layers is lighter (dark gray colour) in
comparison with the wood of oak trees (black colour)
from gravel of the river Neris (bureunckac et al. 1978)
though the latters are millennium or two younger. Low
intensity of darkening coincides to the characteristic
of bog oak findings of type A horizons in North-West
Germany (Leuschner, Delorme [988). These horizons
are embedded in the peat layer at the base of oligo-
trophic deposits. The darkening of oak wood was not
so intensive In fast growing fen peat because of lack
of iron 1ons (ibid). Not so intensive black colour of
the investigated sub-fossil oak trunks from Birzai al-
lows us to suppose that similar rapid bog development
process enabled the preservation of the trunks. The
investigation of Lithuanian vegetation history by pol-
len analysis has demonstrated that humid Atlantic
period was one of the most favourable times for in-
tensive bog formation in the Holocene (Kabailiené
1979).

ity the analysis of sub-fossil oak trunks found in
peat deposits i1 West European countries it was recon-
structed that some bog oaks were rooted in mineral soil
and overgrown by peat; but also there were oak for-
ests with root systems distributed in the peat layer
(Leuschner et al. 1987). Such forest communities, atyp-
ical for present day vegetation, could be formed in dri-
er phases of previous geological periods of the post-
glacial at a particular stage of bog development (Bail-
lie 1982, Leuschuer ef al. 1987, Pilcher et al. 1996).
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As the rool part of the investigated BirZzai oaks
has been rotted away and the information on the soil
profile is missing, we cannot reconstruct the site con-
ditions and site development process in detail. Radi-
ocarbon dating of the trunks has revealed that the site
was suitable for oak growth at least for several cen-
turtes. All the investigated trees were older than one
hundred years and their annual radial increment rate
was comparable to that in present day oaks growing
on non-boggy mineral soils. The eccentric growth,
specific (o all the investigated trees, indicates non-
vertical tension stress in trunks, probably due to ex-
pressed site relief. There 1s also assumption that oaks
growing on peat could not be so stable as thosc on
mineral sotl because they had shallow root system and
therefore were sensitive to wind-throw (Baillie 1982;
Pileher ¢f «f. 1996). Trunk Bra004_m, dated several
centuries carlier than the rest of the trunks, was more
decomposced and more blackened. [t can be an indica-
tion of some change in peat accumulation and trunk
preservation processes i the transition period. Peat
deposits that had covered the former trunk had prob-
ably more intensive contact (0 ground water and larger
amount of iron 1ons.

Dendrochronological synchronisation of tree ring
series of the contemporaneous oak specimens
Bra00l_m, Bra002_m, Bra003 m and Bra005 m also
reflected some aspects of stand dynamics. The oak
tfrees were not evenly aged. The dates of their germi-
nation were scparated by decades. The first ring of
trec Bra001_m was formed 75 years carlier before trec
Rra005 m started to grow.

The rclative dates of the tree death could not be
exactly fixed duc to decomposition of the outermost
part of the (runks and absence of last rings. But the
analysis of the cross-dated ring series did not indi-
cate simultaneous mass dying-off of the stand. The
last remaining ring in specimen Bra00l m was formed
24 years earlier than that in specimen Bra005 m. But
only specimen Bra00l_m had remnants of sapwood
rings. It means that this specimen had the least number
of lost outermost rings. Other specimens missed all
sapwood, on average consisting of 13 to 19 rings
(Wazny 1990), and unknown number of hardwood
rings. [LUis evident that these trees continued to grow
for at least two decades after the death of tree
Bra0Ol m.

Investigation of sub-fossil oaks found in West
Luropean bogs has revealed rather uneven temporal
distribution of the finds throughout the Holocene
(Brown, Baillie 1992; Leuschner ef af. 2000). Periods
with a great number of buried oaks were followed by
phases of sparsc findings. Significant intervals of
growth depression were specific to those rare oaks that

had grown during depletion phases. Formation of oak
horizons, germination and dying off phases often were
synchronous on different sites and even larger re-
gions, reflecting a larger scale of climatic fluctuations
(Lcuschner et al. 2000, Leuschner e @l 2002). In north
Germany the oldest and most represented oak horizon,
named after “Meppen”, was formed in 4900 — 4400 BC.
(Leuschner et /. 1987, Leuschner, Delorme 1988). Dat-
ing of the sub-fossil oaks from North Lithuania chron-
ologically coincides with the formation of this phase
in north Germany bogs. This temporal coincidence sug-
gests that in the first half of the fifth millennium BC
the environmental situation was [avourable for oak
cxpansion onto bogs and preservation of dead tree
remnants in peat deposits on a large territory of Eu-
rope from North Germany to Lithuania.
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FNOJIOIIEHA KAK MHCTOYHHUK

HMH®OPMALIHUHU Ob HCTOPUHU PA3BUTHUSI JIECOB JIMTBbI

P. ykene

Pesione

B usyvcii uetopiit apupojitoi epeisl JINTBLL PCAKO TPUMCHAIOTCS TAKWUC PACTHICILHLIC MCra-0CcTaTKH, Kak
cybhoctumiee aepessst. B cTaThe TIPUBOJBITCS PC3ymETarhl wiaitnsa cyOpoctuieitbix jiybon, HalICHHBIX B TOPOAHOH mouse
B Dupkaitcxonm neexose, cesepras Jlursa, Pajiioymiepoyjioc JaTpoBatye mokasano, uto Jydbsl pociy B HEpBOH TOTOBHHE
aranTitaeckoro nepuoy, 7 - 6,5 tuic, ner tomy nasa Cepuit ro/URILIOTO PAJMANLHOTO NPIPOCTA, HAllICHBIX ACPCELER
H3YTITHCD JICIIPOXPOHONOTHICCKHM MeTo/oM. TToclie yeuennioi cHXponsaiiy cepuii npupocTa ueTsipex jepesues Obia
HOCTPOCHA OCPCHHCIIAA DIKATA TOMSMHOIO paAIILIIOro NpHpocTa Ay0a, cepefitin ronolicia npotskennoctnio 207 ner.
[Torsepugeno wnune na Teputopun Jhursnt »oponnion Sog0TLix jyOpas. XpoHONOrHICeKoe COBIA/ICHHE TTEPHONA
HPOIPACTANIS HeCheROBANITLIX cyBhocannx Sonorimix )iybon ¢ (PopMUPOBARKEM LIIPOKO NPEICTAICIHOTO 1yDOBOTO
ropirsonTa 8 HOROTax cescposanaga FepmMamnt pe/uiolaractT MOKNCTHOHANALHYIO [IPAJICH, B HCTOPHH PAIBUTHA

PACTHTCILIIOCTIT FOJIOLICH A,

Kinouesnie ciona: 1[}’6, JICHAPOXPONONOTIHL, TIPOUCTONIMCCKIC NCUAPONIKAILL, HCTOPKA DASBHTHA PACTHTCIILHOCTH,

Jhrrsa.
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