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S u m m a r y .  D endrochronological studies of P inus sy lvestris L. revealed  grow th 
phases of forests on a  raised  bog. An analysis of annual tre e -r in g  w id th s of tim b er 
preserved in  th e  ra ised  bog in  U zpelkiu Tyrelis enabled in te rp re ta tio n  of clim ate  
changes in th e  la s t 2000 years. D endro chronological and  rad io carb o n  da ting  of 
subfossil tim b e r sam ples revealed ev ident separate afforestation  phases occurred  in 
th e  7 th  -  8 th  c. an d  in  th e  10th -  11th c., corresponding to  w arm  an d  d ry  clim ate  
conditions su itab le  for p ine  grow th. C onditions unsu itab le  for p ine g row th  occurred  
in  th e  9 th  c. and  during  th e  „little  ice age” in th e  m iddle of th e  2nd  m illenium  AD.

B A D A N IA  D E N D R O C H R O N O L O G I C Z N E  D Y N A M I K I  P A L E O L A S Ó W  
N A  W Y S O K I C H  B A G N A C H  L IT W Y

S tr e s z c z e n ie .  N a podstaw ie  badań  dendrochronologicznych odtw orzono fazy 
rozw oju lasów P in u s  sylw estris L. n a  wysokich bagnach. A naliza szerokości pierścieni 
rocznych przy rostów  pni drzew  zachowanych pod pow ierzchnią bag n a  w U zpelkiu 
Tyrelis pozw oliła n a  in te rp re tac ję  zm ian k lim atu  w okresie o s ta tn ich  2000 la t. D a to 
w ania dendrochronologiczne i radiowęglowe próbek subfosylnych pn i sosny ujaw niły 
w ystępow anie w yraźnie  oddzielnych faz zalesiania. P oczątek  pierw szej fazy zalesia
n ia  w okresie su b a tlan ty ck im  p rzypada n a  II wiek BC. Fazy najobfitszego  zalesiania 
m iały  m iejsce w wiekach V II -  V III oraz X -  XI, i odpow iadały  w arunkom  ciepłego 
suchego k lim a tu  sp rzy jającego  wzrostowi sosny. Fazy te  w ystępow ały  w w ieku IX 
oraz w czasie „m alej epoki lidowcowej”w środkowym okresie drugiego tysiąclecia 
AD.
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1. In tr o d u c t io n

T ree rings of tim b er , p reserved in  th e  sites w here th e  trees  had  been  growing, are 
im p o rta n t source of know ledge ab o u t changing  env ironm en ta l conditions in th e  past. 
D ifferently  from  o th e r pa laeoclim atic  proxy d a ta , flu c tu a tin g  annual g row th of tree  rings 
p rovide an n u a l inform ation  ab o u t these changes. T h a t is w hy dendrochronological investi
ga tion  of subfossil tim b e r besides to  palinology and  o th e r geological and  physical m ethods 
has to  b e  used for pa laeoclim atic  and  pa laeoenv ironm enta l research . R aised  pea t -  bogs 
w ith  th e ir  acid  p e a t can be an ideal p lace  for p reservation  of tim ber an d  p ro tec tion  of 
dendrochronological in form ation  for thousands of years. In  th is  research dendrochrono
logical m e th o d  was used to  reco n s tru c t P in u s sy lvestris L. w oodland phases on a  raised 
bog. R ing w id th  analysis was used for in te rp re ta tio n  of c lim atic  fluc tuations during the 
las t 2000 years.

2. M a te r ia l an d  m e th o d s

T h e  investiga ted  site , U zpelkiu T yrelis ra ised  bog, is loca ted  in  th e  n o rth -w est p a rt 
of L ith u an ia , 47 km  from  th e  B altic  sea, in  th e  region of Z em aitija  H ills, 138 m  above 
sea level. G eographical co-o rd inates: la t itu d e  56°05’ N, long itude  2T>50’ E. T he a rea  of 
bog is 36.7 h a , m ean  thickness of p ea t is 3.4 m , th e  h ighest -  8.0 m . T h e  beginning of 

bog fo rm ation  took  place in B oreal period  (ab o u t 7000 years B C ). O ligotro  phical phase 
s ta r te d  in  th e  end  of Subboreal period  (ab o u t 2500 years ago) (B itvinskas T . e t al., 1978). 
T h e  e a r th  surface is u n d u la ted  as well as th e  b o tto m  of bog and  m ore or less layers of 

p e a t in  th is  region.

T h e  bog was d ra ined  som e decades ago. In dustria l excavation  of p e a t fac ilita ted  th e  

sam pling  of subfossil trees. In o rder to  p rep a re  th e  p lace for fu r th e r pea t excavation  surface 
of bog was levelled by cu ttin g  o u t th e  first m ete r of p ea t. O nly sm all ou tlie rs of surface 
p e a t layers w ere left u n d is tu rbed . A bou t h a lf  of tim b er sam ples (P inus sylvestris s tum ps 
an d  tru n k s) w ere collected from  th e  levelled a rea  (ab o u t 1 m e te r in dep th  from  th e  ac tua l 

surface of th e  bog). O ther sam ples w ere collected from  2 d itches. T he first was dug ou t 
in th e  a rea  w ith  th e  surface p e a t layers u n d is tu rb ed  and  was 1 m  in dep th . T he  second 
one was dug o u t in th e  levelled a rea  and  rep resen ted  p e a t layers from 1 to  2.5 m eter in 
d ep th . T h e  richest layers w ith g rea test am o u n t of tim b e r w ere a t  dep th  of around  1.6 m.

A bou t 300 sam ples of subfossil p ine w ere collected in to ta l (B itv inskas T ., 1978). In 
fig. 1 th e  d is trib u tio n  of sam ples w ith d ep th  is shown. T he  largest am oun t of tru n k s was 
co llected  from  0.8 to  1.8 m eter. Very few sam ples were found near the n a tu ra l surface of
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th e  bog and  th e  la s t deepest rem nan ts, sound enough to  fit for da ting , were in th e  d ep th  

of 2.6 m.

Fig. 1. D istribu tion  of sam ples along th e  d ep th  

R ys. 1. R ozkład  p u łap ek  w zględem  głębokości

T w en ty -e igh t sam ples w ere da ted  by 14C m ethod  in  th e  lab o ra to ry  of E stonian  In
s t i tu te  of Zoology and  tw o -  in  th e  In s titu te  of th e  H istory  of m a te ria l cu ltu re  in St. 

Pe te rsbu rg  (R ussia). D ates covered th e  period from  now -days to  2090 years B P (be
fore 1950 AD) (B itv inskas T ., 1978). Som e of these dates w ere ca lib ra ted  using Stuiver 
and  Pearson ca lib ra tion  curve in th e  dendrochronological lab o ra to ry  of Joensuu U niver

sity  (F in land ), o th e rs  -  in th e  radiocarbonical labora to ry  of th e  In s titu te  of th e  H istory 

of m ateria l cu ltu re  in  St. P e te rsb u rg  (R ussia). In fig. 2 rad iocarbon  dates of U zpelkiu 
Tyrelis bog pines a re  shown (w ith in  th e  confidence intervals of 1 a ) .  T hough  th ere  were 

som e gaps, especially  around  14th -  17th centuries, the sequence of 14C dates gave a hope 
to  construct a  long -  te rm  dendrochronology for las t 2000 years.

For estab lish ing  positions of tree  life -  spans in a tim e  scale, cross -  da ting  of tree 
ring  p a tte rn s  was used. T ree ring w id ths were m easured in two radii using standard  
technique (B itv inskas T ., 1974). No standard isa tion  of tree  ring  series was used, because 

age trend  of P in u s sylvestris from boggy h ab ita ts  is no t expressed. Synchronisation  of
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F ig . 2. 14C d a te s  of U zprlk iu  T yrelis bog pines w ith in  lcr confidence intervals 

Rys. 2. D a ty  14C sosen z b ag n a  w Uzpelkiu T yrelis z p rzedzia łam i ufności lcr

sam ples w as v isu a l an d  m a th em atica l. A nnual rad ia l g row th curves w ere com pared on 
pap er; p e rcen tag e  of sign ag reem ent, correlation  coefficient, and  t values (Baillie and 
P ilcher, 1973) in  d ifferent positions betw een tre e  ring  sequences w ere calcu lated . Annual 
rad ia l g row th  of synchron ised  sam ples was th e  basis to  co n stru c t averaged chronologies.

3. S y n c h r o n isa t io n  o f  su b fo ss il t im b e r  sa m p les

D uring  h u n d red s  of years of being in peat usually  only a  sm all p a r t of tree  betw een stem  
and  ro o ts  has rem a in ed  preserved. B ut for dendrochronolo  gical investigation  th is p a r t is 
n o t very  su itab le . B ecause of th e  influence of roo t -  grow ing tree  rings are  ra th e r eccentric 

there . T h a t d im in ishes th e  w eight of fluctuations in annual g row th due to  exogenic factors 
com m on to  all trees  in  a  site . M issing of rings is qu ite  often in poor h a b ita ts  of raised bogs 

b u t in  th e  low est p a r t  of s tem  it  is m ost frequent. A dding u p  peculiarities of tree -ring  
p a tte rn s  c h a rac te ris tic  for P in u s sylvestris from  boggy sites due to  differences in micro 
h a b ita ts  th e  cross -  d a tin g  based on th e  lower p a rt of stem  becom es m ore com plicated. 
Ind iv idua l p ecu lia ritie s  cause difficulties bo th  in visual and  m a th em atica l synchronisation. 
In  m ost positions of overlap  t  values betw een sam ples w ere less th a n  4. Only two groups 

of sam ples w ere found  w here t values am ong th e  trees w ere m ore th a n  5.

T h e  p rob lem  of d issim ilarities of individual tree  -  ring  p a tte rn s  is closely connected 

w ith  th e  p rob lem  of pseudosynchronism  in P inus sy lvestris, especially  in th e  periods of 

tim e  w hen som e cycles in grow th dynam ics are  expressive. T h ere  are cases when t value
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exceeds 4 in  tw o or th ree  positions of overlapping in th e  sam e pair of trees. T herefore 
conclusion a b o u t synchronism  was m ade after thorough visual synchronisation  and when 
n o t only  a  p a ir  b u t som e group of curves fitted  w ith  each o th e r in the sam e position.

D issim ilarities betw een individual trees cause p a rticu la r difficulties, w hen period  of 
overlap  is sh o rt. In ou r clim atic conditions pines in bogs d o n ’t  live very long. Only in rare 
cases th e  age of living trees exceeds 180 years. T he m ean age of excavated stum ps was 
ab o u t 100 years , only 7 trees were older th an  200. Especially  short series were in  th e  upper 
layers of bog. B ecause of these peculiarities only one th ird  of sam ples was synchronised 
an d  inc luded  in to  fu rth er analysis.

T h e  process of dendrochronological synchronisation  revealed som e separa te  phases in 
fo rest h isto ry . Som e am ounts of trees form ed groups, w here germ ination  occurred  in the  
close tim e . Such situa tions m ay be explained by rap id  changes in hydrological conditions 
o f th e  bog  w hen  dried  surface becom es su itab le  for young pine tree  regeneration  (M cNally 
A ., D oyle G .J .,  1984). Analysis of pollen (B itv inskas T . e t a l., 1978) showed four peaks in 
th e  cu rve of p ine  pollen during th e  S u ba tlan tic  period. D ecrease in q u an tity  of pine pollen 
co incided  w ith  increase of spruce or birch pollen abou t 500 years, abou t 800, and  about 
1600 years ago. These fluctuations in forest succession on th e  bog and its  surroundings 
are  re la ted  to  clim atic  changes.

4 . P a la e o fo r e s t  gro w th  d y n a m ics  an d  its  eco lo g ica l  
b a ck g ro u n d

In  figure 3 re lative positions of synchronised subfossil p ine wood sam ples are p resented  
in  a  tim e  scale. T he  sam ples w ith  14C dates included in to  groups were th e  basis to  da te  th e  
floa ting  chronologies. In th e  m ost cases 14C dates correspond each o ther b u t som etim es 

d iscrepancy  exceeds 200 years. In  fig. 4 an  exam ple of difference betw een radiocarbon 

d a tin g  and  dendrochronological c ro ss-da ting  of two sam ples from  10th -  12th centuries is 

p resen ted . In  such a  way dendrochronological m ethod  corrected  d is tribu tion  of 14C dates 
and  as a  re su lt we see th a t abundance of trees was no t equal during th e  last two m illennia.

T h e  o ldest sam ples cover 2nd c. BC - 3rd c. AD. Especially  th e  groups of cro ss-dated  
sam ples from  around  th e  7th -  8 th  cen turies AD, and from around th e  9 th  -  11th centuries 
AD are  well rep resen ted . S im ilarities am ong ind iv idual ring  sequences are ra th e r high there 

( t  values a re  m ostly  above 4.5). T he  germ ination  of trees from th e  7th -  8 th  c. group was 

a lm ost in th e  sam e tim e. D ating  of these two groups coincides w ith th e  big peak of pine 
pollen  in th e  pollen diagram  from  the bog (B itv inskas T . e t al., 1978). Very few sam ples 

w ith  narrow  rings represent 5th -  6th centuries AD.
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Fig. 3. C ro ss -d a ted  U zpelkiu  T yrelis bog p ine  series. F loating  groups a re  d a te d  by radio
carbon. 14C -  d a ted  rings (B P ) a re  m arked  in black

R ys. 3. D iagram  korelacyjny pn i sosen z bag n a  U zpelkiu T yrelis. P ły w a jące  chronologie 
datow ano m e to d ą  radiowęglową. P ierścienie datow ane m e to d ą  14C oznaczono na 
czarno; wiek w la tach  B P

Fig. 4. D ifference betw een rad iocarbon  d a tes  of two sam ples from  th e  sam e age 

R ys. 4. R óżnica m iędzy d a tam i radiowęglowym i dwóch rów noległych próbek

In th e  second m illennium  AD th e  group of sam ples com ing from  th e  13th -  15th c., 
and  th e  group of m odern  sam ples (19th c.) connected  w ith th e  living -  tre e  chronology 
was found. Sam ples from  th e  13th - 1 5  c. have ra th e r ind iv idual tre e  -  ring  p a tte rn s  and  
form  two groups still no t crossdated . Ind iv idualities of grow th dynam ics an d  difficulties of 

rad iocarbon  d a tin g  from  th is  tim e  period p reven t us m eanw hile to  m ake firm  conclusion if
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these groups rep resen t different generations or they  grew  a t th e  sam e tim e  b u t differences 
in g row th p a tte rn s  rep resen t differentiation of m icro h a b ita ts .

In  th e  F igu re  5 th e  annual radial grow th dynam ics of reco n stru c ted  w oodland phases 
are p resen ted . In  th e  spell of 2000 years there  w ere ra th e r  expressive changes in th e  annual 
grow th of bog pine. G row th variability  of trees depends on th e  env ironm ental conditions. 
R esearch  on m odern , living trees from  th is raised  p e a t -  bog revealed  positive correlation 
betw een  annua l rad ia l grow th fluctuations and  F eb ruary  - S ep tem ber tem pera tu res, and 
negative  co rrelation  w ith  annual p rec ip ita tion  (P ik sry te  R ., 1994). It m eans th a t during 
clim atic  o p tim a  -  w arm  and  dry periods -  p ine in th is  p ea t bog had  w ider tree  rings than  

d u ring  cold an d  w et periods.

Fig. 5. A nnulal rad ia l grow th of P inus sylvestris L. in  U zpelkiu  T yrelis raised bog w ithin 
two m illenia

R ys. 5. R oczne przyrosty  prom ieniowe P inus sy lvestris L. z wysokiego bagna w Uzpelkiu 
T yrelis w okresie 2 tysiącleci

A nalysis of abundance  of tree  rem nants from  d ifferent tim e  periods (fig. 3) shows th a t 
th e  m ost ab u n d an t group comes from 10th -  11th cen tu ry  -  tim e  in  clim atology known as 

„ little  c lim atic  op tim u m ” (B arash S.V., 1989). C hronology of th is  group has two intervals 
of b e tte r  grow th w hen tre e  -  ring w idth  was above long -  te rm  average during 30 -  
50 years. E vidence abou t w arm  and dry  clim ate  from  around  11th cen tury  comes from 
different sources. R econstruction  of sum m er tem p e ra tu re s  from  continuous tree  -  ring 

records from  n o rth e rn  Sweden shows w arm  period  from  th e  beginning of 10th until the 

end  of 11th cen tu ry  (Briffa K .R. e t al., 1992) (fig. 7). G laciological investigations reveal 
re tre a t of A lpine glacier in the  second half of 10th c. (Z um buhl, H olzhauser, 1988) (see fig. 
6). S im ilar in form ation  ab o u t su itab le  conditions for g rap e  cu ltu re  in England, Vikings 

se ttlem en ts  in G reenland , e tc. contains in chronicles and  annals b u t these sources report 
th a t  th e re  w ere a lot of cold w inters and wet sum m ers too  (B arash  S.V ., 1989). Tree 

-  ring  records show periods even during „ little  c lim atic  op tim u m ” w ith less favourable
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grow th  cond itions w hich are  n o t reg istered  in  no t so sensitive glaciological or palinological 
investigations.

T h e  second m ost ab u n d an t group of sam ples covers 7 th  -  8 th  centuries. T here  is not 
very m uch in fo rm ation  ab o u t c lim ate  o f th is  tim e  and evaluations som etim es con trad ict 
each o th er. For in s tance , V .I.T u rm an in a  (1979) referring to  estab lished  by G .K .Tushinskij 
„A rchize b reak ” of ice fo rm ation  in th e  C aucasus in 8 th  -  12th centuries and  o th er proxy 
d a ta  evalua tes period  of 8 th  -  12th c. as d ry  b u t 4 th  -  7 th  c. as w et. S .I.B arash  (1989) 
referring  to  S .I.K ostin  nam es period  of 5 th  -  8 th  centuries as „ the second kserotherm ic 
perio d ” d u ring  H olocene and  basing  on analysis of chronicles establishes increase of w et
ness d u ring  8 th  -  10th c. D ynam ics of p in e  forest fo rm ation  on U zpelkiu T yrelis raised 
bog and  annua l rad ia l g row th of trees su p p o r t estim ation  of clim ate around  7 th  c. as dry 
and  w arm , because  so sh o rt tim e  of fo rm ation  of th is generation  could be  due to  rapid  
drop of w ate r tab le  or a fte r fire. A nnual rad ia l grow th m ostly  above long - te rm  average 
shows o p tim a l conditions during  m ore th e n  100 years. Quasi solar cyclicity (it is w ith  
periods a round  11 and  22 years) is ch a rac te ris tic  for th e  grow th fluctuations of th is  tim e. 
B arash  (1989) referring  to  R eis m entions 7 th  c. as fam ous w ith  clim ate ex trem a and  such 
anom alous phen o m en a  like m agnetic  s to rm s and  no rthern  lights due to  changes in  E a rth  
-  Solar connections an d  Solar activ ity .

Fig. 6. T h e  fluc tua tions of G losser A letschgletschers in Sw itzerland reconstructed  using 
dendrochrnological m ethods (from  Zum buhl and  H olzhäuser, 1988)

Rys. 6. F lu k tu ac je  lodow ca G losser A letschgletschers w Szw ajcarii zrekonstruow ane n a  
podstaw ie  m etody  dendrochrnologicznej (Z um buhl and  H olzhäuser, 1988)

T hese  tw o m ost a b u n d an t g roups show ing favourable conditions for p ine s tan d  in th e  

bog do n ’t  c ro ssda te  w ith  each o ther. G ap  betw een these phases coincides w ith  glacier 

advance in th e  A lps in 9 th  c. (see fig. 6) and  cold period  in Ju ly  -  A ugust te m p e ra tu re  
fluc tuations in N orthern  F ennoscandia  a round  800 AD (fig. 7). Conclusion can be m aid , 
th a t  un favourab le  conditions in 9th c. sep a ra ted  two optim al periods around  7th  c. and
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Fig. 7. R econstruc tion  of Ju ly -A u g u st m ean tem pera tu res  in n o rth e rn  Fennoscan dia 
using con tinuous tree -ru n g  records (from Briffa e t al., 1992

Rys. 7. R ek o n stru k c ja  średnich tem p era tu r lipca-sierpn ia  w północnej Fennoscandii na 
podstaw ie  sekw encji pierścieni rocznych przyrostów  drzew  (B riffa e t al., 1922

around  11th c. M ay be  less sensitive m ethods of past clim ate evaluations leads to  m ix tu re  
of these  tw o o p tim a  and  fixing th e  beginning of „ little  clim atic op tim u m ” in the  8 th  c. AD 
(see T u rm an in a , 1979)

T h e  oldest excavated  trees -  th e  first ones after th e  bog tu rn e d  to  oli gotrophical in 
th e  end  of S ubboreal period  -  began to  grow in th e  2nd cen tu ry  B C . T he  first trees were 
n o t long -  lived an d  th e re  was no t m ass -  germ ination. A nnual rad ia l grow th began  to  
exceed long -  te rm  average in  th e  m iddle  of th e  1st c. BC. T he  h ighest annual grow th 
was in  th e  2nd  -  3rd  cen turies AD. B arash  (1989) referring to  S .I.K ostin  and  J .L .R auner 
evaluates th e  first tw o cen turies as th e  w arm est in our tim es. R eferring to  chronicles he 
evaluates beg inn ing  of th e  first m illennium  AD as w arm  and  w et w ith  rap id  change to 
dryness in  th e  70 -  s of th e  1st c. W ide tree  -  rings in  U zpelkiu Tyrelis bog show op tim al 

com bination  of w a rm th  an d  dryness up  to  th e  end of th e  3rd c. AD.

N arrow  tre e  -  rings a re  characteristic  to  th e  trees th a t grew  during  th e  4 th  -  6 th  
centuries AD. E va lua tions of clim atic conditions of th is period  have som e controversy. 
B arash  (1989) m en tions w etness in th e  4th c. w ith increasing dryness from  th e  end of the 
4 th  c. un til th e  8 th  c. T u rm an in a  (1979) evaluates all th e  period of th e  4 th  -  8 th  centuries 
as w et. T rees from  U zpelkiu Tyrelis bog show unsuitable grow th conditions during  th e  

4 th  -  6 th  cen turies AD.

Less th a n  long -  te rm  average grow th is characteristic  for trees from  th e  13rd -  15th 

centuries. A fter th is  phase  som e centuries there  were no p ine forest in th is  bog. E vidently  
conditions of „ the  l i t t le  ice age” were unfavourable for p ine forest.

P ine  forest regenera tion  took place in the end of the  18th c. and  in th e  m iddle of the 

19th c. tree  -  ring  w id th  exceeded average. T he annual radial g row th of living trees from 

th is bog alm ost all th e  20th  cen tu ry  has been above 2000 y ea r’s average. It shows th a t 
w arm ing c lim ate  has positive influence on pine growing in raised  bogs. B u t th ere  were 

periods in th e  p a s t tw o m illennia w ith sim ilar or even b e tte r  grow th conditions.
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5. C o n c lu s io n s

D endrochronological and  radiocarbon da ting  of subfossil tim b e r sam ples revealed not 
even  d is tr ib u tio n  of p ine trees during 2000 years o f bog h isto ry . S epara te  afforestation 
phases b ecom e evident.

T h e  b eg inn ing  of th e  first afforestation phase in S u b a tlan tic  p e rio d  took p lace in the 
2nd  c. B C . T h e  m ost a b u n d an t afforestation phases occurred  in th e  7 th  -  8 th  centuries and 
in  th e  10th  -  11th  cen turies. G ap betw een these  tw o phases shows u n su itab le  conditions 
for p ine  in  th e  bog in  9 th  c. betw een two op tim al periods. U n su itab le  conditions for pine 
g row th  w ere also during  „little  ice age” in th e  m idd le  of th e  II m illenn ium  AD (14th -  
18th  c.).

A nalysis o f annua l rad ia l grow th of reconstructed  forest phases gives inform ation  about 
changes o f fo rm er clim ate . Periods w ith  narrow  tre e -rin g s  or gaps betw een  afforestation 
phases in som e e x te n t correspond to  glacier advance in  A lps (Z um buhl, H olzhauser) and 
p eriods ch a rac te rized  as cold or wet in o ther sources (6 th  c. AD (B arash , 1989, T urm anina, 
1979), 9 th  c. AD (B riffa e t ah , 1992, Z um buhl, H olzhauser, 1988), second half of 12th c. 
(B riffa  e t  ah , 1992), 14th -  17th c. (B arash , 1989 e tc .)) ; P eriods w ith  w ider tree-rings 
confirm  w arm  an d  dry  conditions in th e  beginning of 1st m illenn ium  AD, 7 th  -  8 th  c., 
11th  c., 2 0 th  c. AD.

C orrespondence  of P inus sylvestris grow th conditions in  U zpelk iu  T yrelis raised  bog to 
ev a lu a tio n  o f p a s t c lim ate  from  o ther sources ind ica tes  th a t  w oodland  dynam ics depended 
n o t only  on local conditions b u t also reflected th e  la rger scale c lim atic  fluctuations.

D endrochronological m ethod  investigating  th e  fo rm er en v ironm en t has good resolution 
in  tim e  scale an d  should  be  used in larger ex ten t.

For covering gaps betw een th e  floating U zpelkiu  T yre lis  chronologies and  dating  life 
sp an s of tre e  g roups w ith  accuracy of one year dendrochrono  logical m a te ria l from  o ther 
sim ila r o b jec ts  -  ra ised  bogs is necessary.
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S tr e sz c z e n ie

N a podstaw ie  badań  dendrochronologicznych od tw orzono fazy rozwoju lasów Pinus 

sylw estris L. n a  wysokich bagnach. A naliza  szerokości pierścieni rocznych przyrostów  
pn i drzew  zachowanych pod pow ierzchnią bag n a  w U zpelkiu Tyrelis pozw oliła n a  in

te rp re ta c ję  zm ian klim atu  w okresie o sta tn ich  2000 la t. D atow ania dendrochronologiczne 
i radiowęglowe próbek subfosylnych pni sosny u jaw niły  nierów nom ierny rozkład  drzew 
sosny w okresie 2000 la t historii bagna. W  w yraźny  sposób stw ierdzono w ystępow anie 

oddzielnych faz zalesiania. Początek pierw szej fazy za lesian ia  w okresie subatlan tyck im  
p rzy p ad a  n a  II wiek BC. Fazy najobfitszego za lesian ia  m iały  miejsce w wiekach V II -  

V III  oraz X -  X I. Przerw a m iędzy tym i fazam i w skazuje n a  w ystępow anie warunków nie
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sp rzy jających  sośnie w w ieku IX , m iędzy dw om a okresam i op tym alnym i. W arunki nie
sp rzy ja jące  w zrostowi sosny w ystępow ały  rów nież w czasie „m ałej epoki lodowcowej” w 
środku  II tysiąclecia  A D  (X V I-X V III w .) A naliza rocznych w zrostów  prom ieniow ych w 
zrekonstruow anych fazach  leśnych do sta rcza  inform acji o zm ianach k lim a tu  w przeszłości. 
O kresy z w ąskim i p ierścien iam i rocznym i lub przerw y m iędzy fazam i zalesiania odpow ia
d a ją  w pew nym  sto p n iu  tran sg res jom  (?) lodowców alpejskich oraz okresom  chraktery- 
zow anym  jako  zim ne lub  w ilgotne w innych źródłach. O kresy z szerszym i pierścieniam i 
rocznym i p o tw ierdza ją  w ystępow anie ciepłych i suchych warunków p o czą tku  I tysiąclecia 
AD, V II—V III w., IX  w ., X X  w ., AD.

Zgodność w arunków  w zrostu  P in u s  sylvestris n a  wysokim bagnie w U zpelkiu Tyrelis 
z oceanam i przeszłego k lim a tu  w p rzeszłych  środowiskach wskazuje, że dynam ika tere
nów leśnych zależy n ie ty lko  od w arunków  lokalnych ale odzw ierciedla rów nież fluktuacje 
k lim atu  w większej skali.

M etoda  dendrochronologiczna b ad a n ia  środowiska w przeszłości m a  d ob rą  zdolność 
rozdzielczą w skali czasu  i pow inna być lepiej w ykorzystyw ana.


