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Mcga-remnants of past vegetation like sub-fossil tree trunks arc scldom used in Lithuanian vcgetation history studics.
The paper describes the analysis of sub-fossil oak timbers discovered in peaty ground in the Birzai Forest Enterprise,
North Lithuania. Radiocarbon dating has rcvealed that thesc oak trces grew in the first half of the Atlantic period
before 7-6.5 millennia. Annual radial growth scrics of the trces were analysed using dendrochronological mcthods. Having
synchronized the growth scrics of four timbers a 207 ycars long mcan scrics of thc Mid-Holocene oak annual radial
growth was compiled. The cxistence of boggy oak forest type on the territory of Lithuania in prchistoric times has been
cstablished. Chronological coincidence of the period of the investigated sub-fossil bog oak growth with the formation of
a wecll-represented oak horizon in Northwest Germany bogs hints to inter-regional parallclism in the Holocenc 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 (Kabailiene 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, etc.
(Pukiene 2001, Leuschner et al. 2002, Spurk et al. 2002).

In West European tree ring laboratories the in-
vestigation of sub-fossil oaks (Quercus spp.) excavat-
ed from different types of sediments started in the
1970s (Leuschner et 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 (burBuuckac ef al. 1978). These trunks are the
remnants from prehistoric oak-woods that grew in the
river valley and later died and were buried by gravel
deposits due to riverbank erosion.

In West European countries (Ireland, Germany,
the Netherlands), in addition to river gravel deposits,
oak trunks are also found in peat bog layers (Leus-
chner et al. 1987). At present peat bogs are not the
typical sites for oak-woods all over the area 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,
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which existed in previous geological periods of the
Holocene.

In Lithuania oak-woods usually grow in fertile and
comparatively dry soil types (Vaidys, Karazija 1997).
The main type of the present day Lithuanian oak for-
ests is Hepatico-oxalido-Quercetum (Karazija 1997).
The moistest oak forest type is Carico-mixtoherbo-
Quercetum (ibid). At present peat soils are referred to
as not suitable for oak (Vaidys, 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 were examined.
Annual radial growth sequences of the buried trees
were analysed and temporal position of the tree growth
was established using dendrochronological and radi-
ocarbon analysis. The width of annual trec-rings has
been measured using a stereomicroscope with an ac-
curacy to 0.025 mm. The measurement was carried out
on cross-sections of trunks along radial tracks pre-
pared by a razor blade, two or three radii per speci-
men. Tree-ring width sequences for each radius have
been plotted, synchronised and averaged to get a sin-
gle tree-ring series representing the specimen (a sin-
gle tree). The specimen ring series were then synchro-
nised among themselves. Synchronisation has been
carried out using standard technique by looking for
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 used 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 werc
prepared for each specimen. Chemical treatment of the
wood was carried out in the Radioisotope Laboratory
of the Lithuanian Institute of Geology and Geography.
The content of '“C isotope in the samples was meas-
ured in the Laboratory of Radioisotopes of Vytautas
Magnus University by using highly precise LSC
“Quantulus-1220” equipment.

Results

After measuring tree-ring width of the sub-fossil
oak specimens, time series of 113 to 183 years were
constructed. The analysis of the annual radial incre-
ment has revealed that despite the moisture and pro-
gressing peat 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 mm.

By comparing the series of ring width on differ-
ent measurement radii it was established that all the
specimens had more or less expressed trunk growth
eccentricity. Cumulative annual increment measured
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 radii in all examined trees.

After synchronization of the tree-ring series rep-
resenting the specimens, series of four specimens were
relatively dated against each other. In synchronous
overlap position t-values of series correlation ranged

I 2003, Vol 9, No:'2(17): Y 55 139213

"

Bra002_m

E 350 radius 2
Figure 1. Cumula- % 300 At
tive annual increment  § 250 <} radius
along two different & 200 Eap»
radii  of spccimen % :gg A
Bra002_m cross-sec- 2 g f.?
tion demonstrating € o !
trunk growth ecccen- TraBThEREHOraD
tricity. year

from 3.32 to 21.64 (Table 1). In Figure 2, visual cross-
match of the synchronized growth series of two trees
(Bra001_m and Bra005_m) is demonstrated. Tree-ring
series 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 in all series overlap positions.

Table 1. Relative position of the synchronised tree-ring se-
rics of the investigated sub-fossil oak trees and results of
statistical t-test of corrclation between the series

N Length Relative dates Correlation coefticient t-value
Specimen of g‘.“ N
code scrils B irst ring | Lastring { braOl_m  bra02_m braO3_m bra0OS_m
braOl_m 183 } 183 * 3.63 3.49 11.78
bra02_m 139 59 197 * * 214 353
bra03_m 140 60 199 * * * 3.32
bra05_m 133 75 207 * * * *

Figure 2. Visual cross-match of the growth series of two
subfossil oak trees (Bra001_m and Bra005_m) in the syn-
chronised 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
specimens ranged from 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-
liené 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
theoretically stable level.




Table 2. Subfossil oak radiocarbon dating results

boratory | Specimen Length) Range of | Conventional Cal‘il?rated age within 1 ¢
. of ring] sampled | radiocarbon | probability range, calendar years
index code series rings |age, years BP* BC
VDU-153 |Bra003_m| 140 17-34 5730 +/-60 [4678-4638; 4621-4502
VDU-156 | Bra004_m| 113 40-80 6130 +/-40 [5194-5185; 5073-4960
VDU-157 |Bra001_m| 183 | 139-162 | 5665 +/-40 W}534-4460
VDU-158 |Bra002_m| 139 | 102-118 | 5490 +/-40 W438-4427; 4365-4321; 4285-4260
VDU-159 |Bra005_m| 133 7095 5660 +/-60 (4565-4451; 4421-4395 o

* BP — before present, i.e. 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
grew on the same boggy site several centuries earlier.
It grew in the first half of the Atlantic period, 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.

5660+/-60

Bra005_m
6130+/-40
Bra004_m
5730+/-60

Bra003_m
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Bra002_m
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Bra001_m
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calbrated date year BC

Figure 3. Positioning of the 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 (Bra001_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 series BRAMEAN2 is 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 in the middle of the 5®
millennium BC (in 0.01 mm)

it Years | 0 1 2 3 4 5 6 7 8 9
Series index Decades I { [ l I ’ l l l
BRAMEAN2 | 1 191 241 191 173 237 72 131 184 221
BRAMEANZ | 10 169 198 204 193 169 119 103 172 95 9
BRAMEAN2 | 20 153 184 213 208 172 177 203 154 129 173
BRAMEAN? | 30 175 214 185 204 224 192 158 156 179 220
BRAMEAN? | 40 163 219 156 168 137 141 150 79 80 85
BRAMEAN?2 | 50 77 104 128 134 105 183 118 183 195 143
BRAMEAN | 60 158 154 125 147 61 54 85 134 168 101
BRAMEAN? | 70 111 222 234 233 183 215 194 167 217 225
BRAMEAN2 | 80 157 169 183 203 196 200 172 193 195 193
BRAMEAN2Z | 90 226 225 192 208 154 173 163 217 152 194
BRAMEAN?2 | 100 243 220 142 131 180 203 202 217 195 225
BRAMEAN2 | 110 144 170 150 163 175 163 224 206 97 147
BRAMEAN2 | 120 205 189 169 171 125 133 149 131 156 160
BRAMEAN2 | 130 171 130 153 167 169 119 144 120 125 157
BRAMEAN? | 140 158 183 145 115 162 204 170 173 136 113
BRAMEAN2? | 150 96 126 126 133 112 145 144 140 218 142
BRAMEAN2 | 160 126 137 137 174 154 153 182 204 179 147
BRAMEAN? | 170 172 190 181 161 100 134 140 179 174 124
BRAMEAN2 | 180 128 13 129 110 83 105 109 94 117 100
BRAMEAN2 { 190 109 102 97 107 88 102 92 90 116 101
BRAMEAN?2 | 200 92 90 14 15t 139 80 9% 100

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 is 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 (butBunckac 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 1988). 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 ions (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).

By the analysis of sub-fossil oak trunks found in
peat deposits in 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, Leuschner et al. 1987, Pilcher et al. 1996).
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As the root part of the investigated BirZai 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-
turies. 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 to all the investigated trees, indicates non-
vertical tension stress in trunks, probably due to ex-
pressed site relief. There is also assumption that oaks
growing on peat could not be so stable as those on
mineral soil because they had shallow root system and
therefore were sensitive to wind-throw (Baillie 1982;
Pilcher et al. 1996). Trunk Bra004_ m, dated several
centuries earlier than the rest of the trunks, was more
decomposed and more blackened. It can be an indica-
tion of some change in peat accumulation and trunk
preservation processes in the transition period. Peat
deposits that had covered the former trunk had prob-
ably more intensive contact to ground water and larger
amount of iron ions.

Dendrochronological synchronisation of tree ring
series of the contemporaneous oak specimens
Bra00!_m, Bra002_m, Bra003_m and Bra005_m also
reflected some aspects of stand dynamics. The oak
trees were not evenly aged. The dates of their germi-
nation were separated by decades. The first ring of
tree Bra00!_m was formed 75 years earlier before tree
Bra005_m started to grow.

The relative dates of the tree death could not be
exactly fixed due to decomposition of the outermost
part of the trunks 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 Bra001_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. It is evident that these trees continued to grow
for at least two decades after the death of tree
Bra00l_m.

Investigation of sub-fossil oaks found in West
European bogs has revealed rather uneven temporal
distribution of the finds throughout the Holocene
(Brown, Baillie 1992; Leuschner et al. 2000). Periods
with a great number of buried oaks were followed by
phases of sparse 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
(Leuschner et al. 2000, Leuschner et al. 2002). In north
Germany the oldest and most represented oak horizon,
named after “Meppen”, was formed in 4900 — 4400 BC.
(Leuschner et al. 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 favourable for oak
expansion onto bogs and preservation of dead tree
remnants in peat deposits on a large territory of Eu-
rope from North Germany to Lithuania.

Acknowledgements

The author is grateful to manager of the Birzai
Forest Enterprise Romanas GaudieSius and his col-
leagues for the information on the discovery of sub-

fossil oaks and opportunity to sample and investigate

them. I also would like to thank coworkers in the Ra-
dioisotope Laboratory of the Lithuanian Institute of
Geology and Geography and the Laboratory of Ra-
dioisotopes of Vytautas Magnus University who par-
ticipated in radiocarbon dating of wood samples.

References

Baillie, M.G.L. 1982. Trcc-ring dating and archacology. Lon-
don, Canbcra, 275 p.

Baillie, M.G.L., Pilcher J.R. 1973. A simplc crossdating
programmc for trcc-ring rcscarch. Tree-ring Bullctin, 33:
7 - 15.

Brown, D.M., Baillic, M.G.L. 1992. Construction and dat-
ing of a 5000 ycar English bog oak trce-ring chronology.
Trec rings and environment. LUNDQUA Rcport 34. Lund:
72-75

Kabailiené, M. 1979. Taikomosios palinologijos pagrindai
[The cssentials of applicd palynology]. Vilnius, 147 p. (in
Lithuanian). .

Kabailiené, M. 1990. Lictuvos holocenas [The Holocenc in
Lithuania). Vilnius, 176 p. (in Lithuanian).

Karazija, S. 1997. AZuolyny tipy charaktcristika [Charactcr-
istics of types of oak stands]. In: S. Karazija (Editor),
Lictuvos aZuolynai: iSsaugojimo ir atkiirimo problcmos
|Lithuanian oak forcsts: Problems of preservation and
rchabilitation]. Kaunas, p. 35-44 (in Lithuanian).

Leuschner, H.H., Delorme, A. 1988, Trece-ring work in
Gocttingen — Absolutc oak chronologics back to 6266 BC.
PACT, 22 -~ IL.5: 123-131.

Leuschner, H.H., Delorme, A., Hoefle, H.C. 1987. Dcn-
drochronological study of oak trunks found in bogs in
Northwest Germany. — Proc. of the Int. Symp. on Eco-
logical Aspccts of Trcc-Ring Analysis. Ncw York, 1986:
298-318.




Leuschner, II.LH., Spurk, M., Baillic, M., Jansma, E. 2000.
Stand dynamics of prchistoric oak forcsts dcrived from
dendrochronologically dated subfossil trunks from bogs and
riverine scdiments in Buropec. GEOLINES, 11: 118--121.

Leuschner, H.H., Sass-Klaassen, U., Jansma, E., Baillic,
M., Spurk, M. 2002. Subfossil Curopcan bog oaks: pop-
ulation dynamics and long-tcrm growth dcpressions as
indicators of changes in the Holocene hydro-regime and
climatc. The Holocene 12.6: 695-706.

Pearson, G.W., Stuiver, M., 1993. High-prccision bidccadal
calibration of thc radiocarbon timc scalc, 500-2500 BC.
Radiocarbon, 35: 25-34.

Pilcher, J.R., Baillic, M.G.L., Brown, D.M., McCormac,
F.G. 1996. Hydrological data from thc long lrish subfos-
sil oak rccords. In: J.S. Dcan, D.M. Mcko, T. Swctnam
(Editors), Trcc rings, cnvironment and humanity. Radio-
carbon, Tucson, p. 259-264.

Pukicné, R. 2001. Natural changes in bog vegctation recon-
structed by sub-fossil trce remnant analysis. Biologija, 2:
111-113.

Spurk, M., Leuschner, H.H., Baillic, M.G.L., Briffa, K.R.,
Friedrich, M. 2002. Dcpositional frcquency of German

CYB®OCHIIBHBIE JYBbI

subfossil oaks: climatically and non-climatically induccd
fluctuations in thc Holocenc. The Holocene, 12.6: 707-
715.

Stuiver, M., Pearson, G.W., 1993. High-prccision bidccadal
calibration of thc radiocarbon timc scale, AD 1950-500
BC and 2500-6000 BC. Radiocarbon, 35: 1-24.

Vaitys, M., Karazija, S. 1997. Azuolo ckologinés savybés ir
azuolyny augimvictés [Ecological fecaturcs of oak and their
habitats]. In: S. Karazija (Editor), Lictuvos aZuolynai:
i§saugojimo ir atkiirimo problemos [Lithuanian oak for-
csts: Problems of prescrvation and rchabilitation]. Kau-
nas, p. 34 - 35 (in Lithuanian).

Wainy, T. 1990. Aufbau und Anwendung der Dendrochronoi-
ogic fur Eichcnholz in Polen. Diss. — Hamburg, 213 p.

Bursunckac, T., Jlepraues, B., Jaykanrac, A., Jluiisa, A.,
Cyypman, C., Wyans, K. 1978. Hcnons3osanuc paauo-
yIJICPOJHOTO MCTOJIa  JIaTUPOBAHMS B ICAAX CO3NAHMS
cBepxlonrocpounsix acuapotukan [The usc of radiocarbon
dating mcthod for compiling supra-long dcndro-chronolo-
gics]. In: T. BurBuuckac (Editor) Yciosus cpcasl ¥ paau-
ansHblii npupoct acpesbes [Environmental conditions and
radial incrcment of trees]. Kaynac, C. 51-55 (in Russian).

Received 01 April 2003

CPEJHEI'o TIOJOHEHA KAK HCTOYHHK

HUHO®OPMAIIMA Ob UCTOPUM PA3BUTHSI JIECOB JIMTBBI

P. llykene

Pesiome

B u3yucHHH HCTOpHM NPHPOAHOH cpe/ibl JINTBBI PEAKO NMPHMEHAIOTCS TAKHC PACTHTCHBHBIC METa-O0CTaTKH, Kak
cybdociubibic aepeBbs. B crarbe NPUBOAATCH pe3ynbTaThi aHaM3a cyOQOCHALHBIX 1y6oB, HalACHHBIX B TOP(AHOH mouse
B Bupaiickom Jiecxose, cepepHas JIntea. Papnoymicposuioe IaTHPOBAHHE MOKA3AJI0, UTO JiyObl POCIH B NMEPBOH NOTOBHHE
aTAANTHUCCKOTO TepHojia, 7 — 6,5 Thic. neT ToMy Hasaf. CepuH TFOAMUHOrO PajnaNbHOTO NPHPOCTA, HAHJSHBIX JepeBbeB
H3YUAIHCD JICHAPOXPOHONIOTHUCCKMM MeTo/IoM. [Tocie yciicninoit CHHXPOHH3AaLMK CepUi NIPHPOCTa UCTHIpEX AepeBbeB Oblna
MOCTPOCHA OCPCAHECHHAs IHIKANA TOAMUHOrO PAAHANLHOTO NPHPOCTA AyGa, CCPCAMHBI TONONCHA MPOTKCHHOCTEIO0 207 net.
TTorsepxk/icHo HanKuuce Ha Teputopuy JINTBLL B niponutom GonoTHbIX Ay6pas. XpoHonoruueckoe coBnajeHHe nepHoia
TIPOM3PACTAHHA HCCIICIOBAHHBIX cyBocuapHbx Gonornuix ny6oB ¢ (opMHPOBAHHEM LIKPOKO MPECTABICHHOTO TyOOBOTO
ropusonTa B Gonotax ccBeposanafia I'epMaHHMH MPCANOAATACT MCKPCTHOHANBHYIO NMAPAJUICHb B UCTOPHH PasBUTHS

PacTHTCABHOCTH roJIOLICHA.

Kinouesnie cioBa: }1y6, JACHZIPOXPOHOJIOTHA, MPOHCTOPHIECKHE JICHAPOINIKAJILI, HCTOPUSA Pa3sBUTHA PaCTHTEILHOCTH,

Jlwrsa.
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