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Abstract

Decreased growth of pedunculate oak (Quercus robur L.) during the 20" century has been documented in Europe
and is considered as one of the symptoms of oak decline. However, there is insufficient information on wood formation
of oak in Latvia (Baltic countries). Tree-ring width is a commonly used proxy for evaluation of growth, but other wood
proxies, such as earlywood vessel size, can provide additional information on mechanisms affecting growth. In this study,
we investigated changes in tree-ring width and cross-section area of earlywood vessels for the periods of 1899-2009.
Since the 1980s, abrupt changes in wood formation were observed, particularly in the more continental eastern Latvia.
Tree-ring width showed significant decrease, while lumen cross-section area of earlywood vessels significantly increased
in the eastern part of Latvia. These changes might have been triggered by an extremely cold December in 1978.
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Introduction

Decline of pedunculate oak has been observed
since the second part of the 20" century in many re-
gions of Europe (Wazny et al. 1990, Brasier 1996, Fiihr-
er 1998, Thomas et al. 2002, Drobyshev et al. 2007a,
Helama et al. 2009, Sonesson and Drobyshev 2010).
Symptoms of oak decline are decreased vitality with loss
of crown and decrease of tree-ring width (TRW) (Dro-
byshev et al. 2007a, Helama et al. 2009, Sonesson and
Drobyshev 2010, Anderson et al. 2011). The cause of
the decline is not completely understood, but is con-
sidered to be an effect of a complex of environmental
factors. Pest activity, such as Phytophthora sp. fungus,
is considered as one of the reasons (Brasier 1996, Jung
et al. 2000), along with climate change. It has been
shown that decline can be triggered by climatic extremes,
such as drought or extremely low temperature, which
can weaken oak, making it susceptible to pests (Son-
esson and Drobyshev 2010, Anderson et al. 2011).

The decline of oak on its northern distribution
limit has been shown to be a continuous process, and
decreased TRW can last for up to several decades
(Helama et al. 2009, Anderson et al. 2011). Declining
and dying oaks in Finland were observed to grow slow-
er also before visual symptoms of decline appeared

(Helama et al. 2009). Oak is a light demanding species
(Jones 1959), and thus the effect of competition might
facilitate decrease of vitality. However, during recent
decades in Southern Sweden growth improvement also
has been observed (Sonesson and Drobyshev 2010).
TRW has been often used to study decline of oaks
(Wazny et al. 1990, Thomas et al. 2002, Helama et al.
2009, Sonesson and Drobyshev 2010). Earlywood ves-
sel size is another proxy that could be used, as it has
been shown to contain strong environmental signals
(Garcia-Gonzalez and Eckstein 2003, Tardif and Conci-
atori 2006, Campelo et al. 2010, Fonti et al. 2010, Ma-
tisons et al. 2012). Vessel size in oak also can be re-
lated with physiological vigour of tree (Fonti et al.
2009). The symptoms of the decline might be expect-
ed to be reflected in high and low frequency variation
of vessel size, as earlywood vessels are the main wa-
ter conducting elements in oak (Tyree and Ewers 1991,
Granier et al. 1994, Tyree and Zimmermann 2002). Pre-
vious work has indicated that major changes in wood
formation of oak might have occurred since the 1980s
(Matisons and Brumelis 2012). The aim of the study
was to determine if decreased growth below that ex-
pected from the age-related decline had occurred in
Latvia during the last few decades, using both tree-
ring width and earlywood vessel size as proxies.
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Materials and methods

Material and data

Study area, sampling, sample treatment and proxy
measurement procedures are described in Matisons et
al. (2012); the same material was used in this study.
Mean time-series of tree-ring width (TRW, +£0.01 mm)
and mean earlywood vessel lumen area of tree-ring
(VLA, + 100 un?) for stands was obtained for 40 sites
located across Latvia (Figure 1). The stands were oak-
dominated on clayey soils; details about sites are
shown in Table 1. The study area is located in the
hemiboreal forest zone. According to data from Latvi-
an Environment, Geology and Meteorology Centre
(LEGMC) mean yearly temperature is 5 °C and mean
annual precipitation ranges from 550—-850 mm.

Table 1. Location (WGS 84 coordinates), soil moisture, re-
lief, age (mean age of five oldest cored trees), and species
composition of studied sites (stands) and number of cored trees

Code Coordinates moSisotiLIJre Relief S;Zr;d L\gﬁds (';lfuon;?:c;
trees
Western region
ANC 21956'5E, 57°34'23N Dry Flat 215 Yes 10
CCE 22°34'18E, 56°39'1N Dry Flat 176 Yes 10
DOB 23°17'24E, 56°36'9N Dry Slight slope 184 Yes 10
DOB1 23°1310E, 56°35'34N Dry Slight slope 192 Yes 18
DRB 21°17'42E, 56°35'0N Dry Flat 212 Yes 10
DUN1 22°20'52E, 57°29'47N Dry Flat 157 No 10
DzC 2392'17E, 57°7'5N Dry Flat 227 Yes 10
Gvz 21°19'5E, 56°31'26N Moist Flat 230 Yes 10
IcV 24°8'56E, 56°34'9N Dry Flat 148 No 10
JBRsa  23°23'57E, 56°43'0N Dry Flat 237 No 8
JBRsl  23°92522F, 56°44’51N Moist Flat 176 Yes 7
JEL 23°45'0E, 56°37'4N Dry Flat 225 Yes 18
KUL 22°2'6E, 56°55'26N Dry Flat 118 Yes 1
MZN 24°1'58E, 56°26'47N Dry Flat 223 Yes 10
PIL 21°41'53E, 57°12'5N Dry Flat 197 Yes 12
SKR 21°59'7E, 56°34’58N Dry Slight slope 173 Yes 10
TBR 21°34'23E, 56°45'32N Dry Flat 167 Yes 12
UGL 21°58'31E, 57°14'35N Dry Flat 223 Yes 14
Eastern region
AGL 26°54'5E, 56°12'41N Dry Flat 206 No 10
ALK 26°57°37E, 57°22'54N Dry Slight slope 115 Yes 10
BAR 26°38'59E, 56°42'30N Moist Flat 165 Yes 12
BIK 26°17'51E, 56°55'19N Dry Flat 160 Yes 10
B2ZN 26°3'41E, 56°50"11N Dry Flat 118 Yes 23
CES 25°1324E, 57°17'30N Dry Slight slope 252 Yes 10
DKL 25°4'35E, 57°37°28N Dry Flat 186 Yes 10
ELK 25°36'45E, 56°13'19N Dry Flat 118 Yes 1
EZR 27°36'28E, 56°11'15N Dry Flat 202 No 10
JEK 25957'16E, 56°28'17N Dry Slope 180 Yes 10
LMBsa  24°5526E, 57°30'52N Dry Flat 184 Yes 10
LMBsl 2592'11E, 57°30’33N Moist Flat 220 Yes 10
LOB 25°12'42E, 56°44'12N Dry Flat 193 Yes 16
LZA 27°57'22E, 56°30'23N Dry Flat 167 Yes 5
RDA 26°10'57E, 55°53'11N Dry Slight slope 180 Yes 14
RUJ 25923'40E, 57°52'26N Moist Flat 114 No 10
SIG 24°482E, 57°9'5N Dry Slope 219 Yes 12
SKV 2592'33E, 56°39'38N Dry Flat 17 No 10
STP 24°56'45E, 57°22°21N Dry Slight slope 180 No 10
STR 25°43'19E, 57°37'44N Dry Slight slope 176 Yes 10
VDL 25°46'31E, 56°16'21N Dry Flat 173 Yes 10
VLK 26°4'18E, 57°42"21N Dry Slight slope 149 Yes 7

Data analysis

As suggested by Matisons et al. (2012) data was
divided in two groups: western (18 sites) and eastern
(22 sites) regions of Latvia (Figure 1, broken line) as
wood formation and its relation with climatic factors
differs between western and eastern parts of Latvia due
to differences in continentality. The border line (Fig-
ure 1) generally coincides with changes of continen-
tality (LEGMC). Quality of measurements was checked
and interseries correlation, mean sensitivity and auto-
correlation was calculated with COFECHA (Grissino-
Mayer 2001). Gleichldufigkeit and Gini coefficients were
calculated between site time-series using the program
R (R Development Core Team 2009) with library dplR
(Bunn 2008). For determination of changes in wood
formation in the later part of the 20" century, mean time-
series of both TRW and VLA for sites were standard-

Z(IJU km

Figure 1. Location of sampling sites (sampled stands)

ized and Euclidian distance matrices were produced.
Based on Euclidean distances chronological clustering
using the “coniss” method was applied. Significance of
clustering was assessed by the “broken stick” meth-
od. The analysis was conducted using the program R
(R Development Core Team 2009) using libraries “rio-
ja” (Juggins 2009). Mean time-series of TRW and VLA
were calculated for eastern and western regions of Latvia
based on time-series of sites, which were calculated from
mean time series of trees.

Results

Mean site time-series for sites (Figure 2) showed
distinct changes of TRW and VLA since the 1980°s.
TRW showed decrease resulting in lower amplitude of
site time-series, while VLA showed increase and in-
creasing spread between site time-series. Chronolog-
ical clustering, conducted for regional subsets of data,
showed that five and eight clusters for TRW and three
and four clusters for VLA were significant in the west-
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Figure 2. Mean time-series for each stand of TRW (A), VLA
(B) and their sample depth (replication)

ern and eastern regions, respectively. Different pat-
terns of clustering of TRW and VLA were observed
in western and eastern regions of Latvia (Figure 3).
For both tree-ring proxies in the eastern region an
explicit cluster, which consisted of the last 30 years,
was distinguished in the first level of division. In the
western region a cluster consisting of the first 30 years
of the analysed period was observed, but explicit clus-
tering for the last 30 years was not evident. Thus,
chronological clustering showed that the visually ap-
parent decrease of TRW and increase of VLA since the
1980s formed a significantly different pattern (trend)
than the preceding years of the chronology (mean time-
series) of the eastern region (Figure 4). Although VLA
was higher in the eastern than in the western region
since 1950, extremely low values of VLA occurred in
1979, which is about at the time trends for TRW and
VLA changed. Although TRW did not show extreme
values in 1979-1980, a decrease was observed a few
years later.

Statistics of mean regional time-series of TRW and
VLA suggested that wood formation have changed
during recent decades in both regions of Latvia (Ta-
ble 2). For the period 1980-2009, the agreement (in-
terseries correlation) and mean sensitivity of time-se-
ries were lower than in the preceding 30-year period,
particularly for VLA in the western region. During this
period VLA also showed slightly lower GLK in both
regions. Autocorrelation was higher for both proxies
in the most recent period, particularly for VLA, which
increased from AC =0.13 and 0.10 to 0.36 and 0.59, in
western and eastern regions of Latvia, respectively.

Discussion and conclusion

Shifts in trends of TRW and VLA occurred at
about 1980 in the more continental eastern region of
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Figure 3. Chronological clustering of TRW (A — western re-
gion and B — eastern region) and VLA (C — western region
and D — eastern region) mean site time-series for the period
1899-2009
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Figure 4. Mean regional time-series of TRW (A) and VLA
(B) for eastern and western regions of Latvia for the period
1950-2009 and linear trend lines for periods of 1950-1979
and 1980-2009

Latvia (Figures 3, 4). Long-term changes of oak growth
have been shown to occur after extreme events (Hela-
ma et al. 2009, Sonesson and Drobyshev 2010). Simi-
larly, shifts of wood formation after 1980 (Figure 4)
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might have been triggered by a rapid drop of temper-
ature in winter of 1978/1979. According to data from
the LEGMC, in 1978, a rapid change of temperature
from a warm November (5 °C above the 100 year mean)
was followed by extreme cold in late December (16 °C
below the 100 year mean), when temperature in the
eastern regions reached -43.2 °C. Such a sudden drop
of temperature in autumn can damage oaks that are not
sufficiently hardened (Morin et al. 2007). VLA, which
contains less autocorrelation than TRW (Table 2, Gar-
cia-Gonzalez and Eckstein 2003), reacted immediately,
showing an increase already after 1980 (Figure 4). The
decrease of TRW started about 1980-1982, but it was
not abrupt, likely due to higher autocorrelation (Pal-
lardy 2008, Speer 2010). The trends of TRW and VLA
in western Latvia did not change during the last 30
years, likely due to milder climate; trends in wood
formation during 1900-1930 were likely caused by
ageing.

Table 2. Statistics of TRW and VLA time-series for west-
ern and eastern regions of Latvia for the periods 1950-1979
and 1980-2009

TRW TRW VLA VLA
western  eastern westem  eastern
region region region region
1950-1979
Mean value 148.75 169.95 281.61 307.86
Standard deviation 16.44 21.92 19.84 28.42

Autocorrelation 0.49 0.46 0.13 0.10
Mean Gleichlaufigkeit (GLK)

between sites 0.62 0.64 0.63 0.74

Gini coefficient 0.47 0.43 0.30 0.26

Mean interseries correlation 0.59 0.59 0.72 0.85

Mean sensitivity 0.11 0.12 0.06 0.10
1980-2009

Mean 134.02 14742  288.19 364.21

Standard deviation 16.43 31.53 11.43 39.56

Autocorrelation 0.54 0.70 0.36 0.59
Mean Gleichlaufigkeit (GLK)

between sites 0.62 0.64 0.57 0.64
Gini coefficient 0.49 0.44 0.31 0.26
Mean interseries correlation 0.51 0.60 0.36 0.66
Mean sensitivity 0.08 0.08 0.04 0.05

As earlywood vessel size in Latvia is limited by
temperature in the dormant season and spring (Mati-
sons and Briimelis 2012, Matisons et al. 2012), the
increase (change of trend) of VLA during 1980-2009
(Figure 4) might be facilitated by accelerating warm-
ing of climate in recent decades (IPCC 2007, Lizuma et
al. 2007). Earlywood vessels in oak function only in
the year of their formation (Tyree and Ewers 1991, Tyree
and Cochard 1996) and conduct most of the water (sap)
(Granier et al. 1994). Thus, conditions affecting ves-
sel size can determine water transport during the grow-
ing season. Larger vessels are more susceptible to

embolism (Sperry 1995), which causes physiological
water deficit and impedes growth (Garcia-Gonzalez and
Eckstein 2003, Pallardy 2008) thus explaining the ob-
served decrease of TRW (Figure 4). This is also sup-
ported by positive relationship between TRW and
August precipitation (Matisons et al. 2012). Increas-
ing variability of precipitation in summer (Briede and
Lizuma 2007, Avotniece et al. 2010) may also facilitate
water deficit. Additionally, the necessary amount of
water transport can be gained by different combina-
tions of vessel number and size (Tyree and Zimmer-
mann 2002). However in narrow tree-rings there might
be lack of space to for more numerous smaller ves-
sels to form, and thus larger vessels are formed to
sustain the needed amount of water transport, as con-
firmed by negative relationship between TRW and VLA
(Tardif and Conciatori 2006). Larger vessels are sus-
ceptible to embolism, which can cause a decrease of
TRW and trigger formation of larger vessels in the next
year, resulting in a negative feedback loop. This also
might explain the observed increased autocorrelation
and decreased sensitivity of VLA during 1980-2009.
An alternative explanation of changes in wood forma-
tion might be related with pest activity and competi-
tion within stands.

Differences in autocorrelation, interseries corre-
lation and sensitivity of time-series (Table 2) suggest
that climate extremes in 1978 affected wood formation
also in western region of Latvia, however, the effect
was weaker. Dependence of growth on stored reserves
is higher in suppressed trees (Pallardy 2008), which
can explain the increase of autocorrelation in time-
series of TRW. Decreased sensitivity of TRW (Table 2)
can be explained by reduced growth when latewood
with is low (Zhang 1997). As habitat characteristics
influences variation of TRW (Matisons and Brumelis
2012), a decrease of agreement between TRW series
(Table 2, interseries correlation) and spread of VLA
series during 1980-2009 (Figure 2) might suggest in-
creasing influence of local factors on growth.

Decreased growth and loss of sensitivity of TRW
time-series are symptoms of oak decline (Wazny et al.
1990, Thomas et al. 2002, Helama et al. 2009), but the
studied oaks were visually healthy and there was no
obvious reduction of crowns or defoliation, contrain-
dicating oak decline. In Southern Sweden, where the
lifespan of oak growing in forest is considered to be
150-200 years, dying oaks show depressed growth
several decades before death (Drobyshev et al. 2007b,
Drobyshev and Niklasson 2010). In this respect, the
mortality rate of older oaks (~200 years) in Latvia might
increase as a result of the suppressed growth. How-
ever considering that changes in wood formation were
likely consequences of a climatic extreme, decreasing
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frequency of cold events (Avotniece et al. 2010) might
be beneficial for oak in the future. The observed slight
increase of TRW in 2009-2010 (Figure 2) might also
suggest improvement of growth, as recently observed
in southern Sweden (Sonesson and Drobyshev 2010).
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O®OPMUPOBAHHUE JPEBECHUHBI IYBA OBBIKHOBEHHOI'O B JIATBHUHU C 1980 11O

2009

P. Maruconc, /I. Eadeprc u I. Bpymeabuc

Pestome

Cokparnienue npupocta (cmam) ayda, NIMPOKO MccieaoBaH B EBporie, oqHako WHOpMAIHs HEJOCTATOYHA B CTpaHAX
bantun (JlarBus). IllupuHa rOAMYHBIX KOJEI IIHPOKO HCIONB3YIOTCS Ui aHaJIM3a MPUPOCTa, HO JAPYrHe U3MEpeHHS
JPEBECUHBI, TAKUE, KaK IUIOIIAIb COCYIOB PaHHEIl NPEBECHHBI, MOTYT NMPEAOCTABHTH JONOJHHUTEIBHYIO HHPOPMALUIO O
MEXaHU3Max OrpaHUYEHHS POCTa. MBI N3yday H3MEHEHHUs IMPUHBI TOANYHBIX KOJIEIl M IUIOIIAN COCY/I0B PaHHEH JIPeBeCUHBI
B nepuoae ¢ 1899 mo 2009. M3meHeHus B GpopMUpOBaHUHU OpeBeCUHBEl Ayb6a ObuIM OOHApy’>KEHBI, B YaCTHOCTHU, B
KOHTHHEHTAIbHOH, BocTouHOH vacTH JlarBuu. IllupuHa rogndHOro KoJiblla 3HAYUTENHFHO YMEHBIIMIACH, B TO BPeMs Kak
IUTOIIAAb COCY/IOB PaHHEH IPEBECHHBI YBEIMUUIACH B BOCTOUHOH gacTH JlarBuu. DTH H3MEHEHHS, BEPOSITHO, OBUIN BHI3BAHBI
9KCTpPEeMaJIbHBIMU MTOTOAHBIMH YCIIOBUSMH: KpaiiHe X0JI0mHbIM aekabpem B 1978 romy.

KiawueBble ciioBa: COCYabI paHHeﬁ JAPEBECUHBI, IIUPUHA I'OAUYHBIX KOJICI, KpaﬁHOCTH oroael, Quercus robur L.
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