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ABSTRACT

Late Quaternary tree-ring chronologies have been constructed using data col-
lected from subfossil trees preserved under favourable conditions in lake sediments
and peat deposits. Tree-ring widths and densities are commonly used for reconstruc-
tions of past climate variability. An alternative way of using these data is to explore the
replication curves of these chronologies. Here, we make use of previously collected
data that is currently available from tree-ring databases to demonstrate the deposi-
tional histories of pine trees once accumulated into the sediment in lake (i.e., riparian
trees) and peatland sites. Divergent courses of depositional histories were obtained for
different sedimentary settings in southern Finland. Accumulation of peatland pines was
high, but that of riparian trees was low around 1.0 ka during the Medieval Climate
Anomaly (MCA). By contrast, the accumulation of peatland pines declined towards the
Little Ice Age (LIA), while that of riparian trees increased, with a culmination around 0.7
ka. We interpret these variations to mean transitional environmental changes in the
corresponding habitats and to indicate increased precipitation and a rising water table
from MCA towards the LIA. These results demonstrate the relative roles of recruitment
and preservation potentials, and thus of palaeoecological and taphonomic processes,
in controlling the tree accumulation in peatland and lake environments, respectively.
We conclude that subfossil tree-ring chronologies, even those extracted from elec-
tronic databases, can provide important insights into palaeoecology, furnishing new
perspectives on palaeoclimate, palaeohydrology of lakes and peatlands, and for study-
ing the tree population responses to past climatic changes.
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INTRODUCTION

Recent changes in our climate can be evalu-
ated by examining various types of long-term data
with environmental indications. Apart from ongoing
warming (Jones et al., 2012), the instrumental data
exhibit changes in global precipitation patterns with
considerable increase in precipitation by 10–40%
in northern Europe in the course of the 20th cen-
tury (Dore, 2005). An increasing risk of extreme
hydroclimate events is predicted in the coming
decades in the same region (Räisänen and Joels-
son, 2001; Palmer and Räisänen, 2002). Moreover,
there is a possibility that the early stage of the
growing season may experience more precipitation
(Ylhäisi et al., 2010). Uncertainties remain, how-
ever, with different aspects of future hydroclimate
change (Frei et al., 2006; Räisänen, 2007). Indirect
estimates of climate variability (i.e., proxy records)
help to increase our understanding of climate vari-
ations in a longer-term perspective and to assess
the climate models of future climate scenarios
(Bradley, 2000; Braconnot et al., 2012). Tree rings
provide late Quaternary records of climate variabil-
ity. These records have high temporal resolution
(from annual to even intra-annual) and can have
wide spatial coverage over land areas (Fritts, 1976;
Hughes, 2011). Tree-ring chronologies of various
species can be used to reconstruct drought vari-
ability across Europe (Cook et al., 2015). In Fen-
noscandia, the chronologies of Scots pine (Pinus
sylvestris L.) tree rings are sensitive to moisture
conditions, particularly during the early stage of the
growing season (Jönsson and Nilsson, 2009;
Helama and Lindholm, 2003) and have been
shown to record summer precipitation variability
(Henttonen, 1984; Linderholm and Molin, 2005).
The longest of the Scots pine and Norway spruce
(Picea abies [L.] H. Karst.) chronologies have been
used to reconstruct hydroclimate variability over
the last millennium in Fennoscandia (Seftigen et
al., 2015) and the chronologies of Scots pine over
the past 14 centuries in south-east Finland
(Helama et al., 2009; Helama, 2014). Importantly,
these records portray the hydroclimate variations
through the Medieval Climate Anomaly (MCA; Diaz
et al., 2011) and the Little Ice Age (LIA; Matthew
and Briffa, 2005), thus placing the instrumental
records into a perspective of contrasting past cli-
matic conditions. These intervals are particularly
interesting pre-industrial periods with relatively
warm (MCA) and cool climates (LIA) over wide
areas in Europe (Luterbacher et al., 2016). Com-
pared to temperature histories, the characteristics
of the MCA and LIA hydroclimates remain less

quantified. Recent dendroclimatic studies have,
however, quantified markedly dry MCA (AD 1000–
1200) over large regions in continental north-cen-
tral Europe and southern Fennoscandia (ca. 60°N
to 50°N and 5°E to 20°E). The magnitude of this
drought appears to exceed the hydroclimate varia-
tions during the LIA (AD 1550–1750) and instru-
mental period (Helama et al., 2009; Cook et al.,
2015). Additional records are needed to under-
stand the details of these climatic variations and
the stress these long-term changes pose for eco-
systems. 

Previous analyses of droughts and pluvials
during the MCA and LIA have been based on net-
works of long tree-ring chronologies (Helama et al.,
2009; Seftigen et al., 2015; Cook et al., 2015).
These records result from long-time efforts of con-
structing composite tree-ring chronologies from
subfossil, archaeological, and architectural materi-
als, in addition to updating the long chronologies
with modern tree rings. Effective, continuing use of
such materials collected and dated in the course of
several decades is greatly facilitated by archival of
tree-ring datasets into well-organized databases.
These archives may be private or publicly distrib-
uted (Grissino-Mayer and Fritts, 1997; Läänelaid,
2000; Corona et al., 2010; Jansma et al., 2012),
and they make it possible to properly obtain the
previously studied tree-ring assemblages for novel
investigations, new research targets, upgraded
data analyses, and research hypotheses. A tree-
ring collection that played an essential role in previ-
ous tree-ring based reconstructions of past hydro-
climate variations in Europe (Cook et al., 2015) and
in Fennoscandia (Helama et al., 2009; Seftigen et
al., 2015) initiates from the Tree-Ring Data Bank
SAIMA. This is a regionally concentrated database
containing different types of tree-ring data from Fin-
land and adjacent areas. With regards to hydrocli-
mate reconstructions, the tree-ring data from this
database constitutes a long composite tree-ring
chronology of south-east Finland since AD 535
(Helama et al., 2005). Comparisons with the local
climatic records have shown that the tree-ring
widths of this chronology correlate strongly with the
variations in early-summer (May–June) precipita-
tion over the period with instrumental weather
observations (Helama and Lindholm, 2003;
Helama et al., 2005), the pre-instrumental part of
the chronology thus providing palaeoclimatic varia-
tions of precipitation history over the late Holocene.
Integration of this dendroclimatic proxy data into
multi-proxy comparisons with sedimentary midge
(Luoto and Helama, 2010), mayfly and caddisfly
2
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(Luoto et al., 2013), and cladoceran fossil assem-
blages (Nevalainen et al., 2013) have resulted in
palaeoclimatological and palaeolimnological recon-
structions indicative of varying climate conditions
during the MCA and LIA. During the MCA the sum-
mers were likely warm and dry, as contrasted by
the snowy winters, in comparison to summers of
the LIA that were generally wetter, whereas the
winters may have actually been less snowy and
undergone shortening of the ice-free season during
the LIA (Luoto and Helama, 2010; Luoto et al.,
2013; Nevalainen et al., 2013; Luoto and
Nevalainen, 2015). The results presented thus far
have, therefore, supported the concept of the MCA
and LIA. These results also highlight the value of
multi-proxy comparisons and emphasize the need
for additional well-dated proxy records over the
MCA and LIA to be examined for inter- and intra-
regional and inter-proxy analyses.

Dendroclimatic reconstructions are com-
monly produced by transforming the annual values
of a mean tree-ring chronology (or a network of
chronologies) into verifiable estimates of year-to-
year climate variability (Fritts, 1976, 1991). Alterna-
tively, the replication curves of tree-ring chronolo-
gies can be used to portray temporal variations in
depositional histories of the trees comprising the
chronologies. Abundant materials of subfossil
pines have previously been collected from boreal
peatlands (Edvardsson et al., 2012a, 2012b,
2014a, 2014b) and lake sediments (Gunnarson,
2001, 2008; Gunnarson et al., 2003). Such speci-
mens are preserved due to acidic anoxic condi-
tions in their sedimentary environment
(Greenwood, 1991) and can be used to illustrate
the arboreal depositional histories. Moreover, their
replication data can be used to infer past climatic
and environmental fluctuations. The colonization of
pine to peatland is interpreted in terms of drier sur-
face conditions (Edvardsson, 2013). In lacustrine
sites, a rise of lake level drowns the riparian trees
that may then accumulate in the sediments (Gun-
narson, 2001). Tree-ring chronologies thus provide
the Quaternary research with exactly dated palaeo-
botanical evidence of climate-driven tree popula-
tion dynamics over the past centuries and millennia
(Edvardsson et al., in press). However, a variety of
taphonomic processes influence the data due to
post-depositional modifications of the fossil assem-
blages (Wilson, 1988; Martin, 1999); the tapho-
nomic processes ought to be taken into account
when interpreting the tree depositional histories
from variations in chronology replication (Helama
et al., 2010). 

In this paper, we hypothesize that the deposi-
tional histories of trees once grown under the same
late Holocene climate but in different ecological
and depositional environments may vary according
to factors influencing the tree recruitment, dying-off
phases, and taphonomic processes. In order to
test this hypothesis, a subset of tree-ring data was
extracted from the Tree-Ring Data Bank SAIMA,
these data representing both the lake and peatland
sites. As the widely accepted standpoint is that the
growth dynamics of trees in such habitats is pro-
foundly influenced by annual to long-term hydrocli-
matic changes (Edvardsson et al., in press), it is
also hypothesized that the recorded variations in
the corresponding properties of these tree-ring
chronologies can be related to late Holocene
droughts and pluvials as experienced by the trees
during their lifespans. To do so, we exploit subfossil
tree-ring width data of Scots pine representing not
only distinctly different ecosystems and deposi-
tional environments (lake versus peatland), but
also contrasting climatic periods of the MCA and
LIA. In so doing, we make use of these exactly
dated multi-centennial data to investigate the pos-
sibility of applying the data of chronology replica-
tion as an indicator of ancient tree communities
and taphonomic processes and, finally, as inte-
grated proxies of hydroclimate variations through
the MCA and LIA. Our study makes an essential
contribution for understanding the potential of
using the subfossil tree-ring data as palaeoclimatic
and palaeoecologic proxies of the Holocene cli-
mate transitions.

MATERIAL AND METHODS

Tree-ring Data

Tree-ring data were extracted from the Tree-
Ring Data Bank SAIMA (currently positioned at:
lustiag.pp.fi/Saima/). The data were also available
as a part of The International Tree-Ring Data Bank
(Meriläinen and Timonen, 2004). The data used
herein represent Scots pine (Pinus sylvestris L.)
tree-ring series originating from subfossil samples
of trees (i.e., megafossils) preserved in the sedi-
ments of lakes and peatlands in the south boreal
forests (Ahti et al., 1968) of south-eastern Finland
between 62.03° N and 61.80° N and 29.75° E and
28.83° E (Table 1; Figure 1). These data consist of
eight lake sites and one peatland site with total
number of 152023 rings and 939 tree-ring series
measured from 590 subfossil tree trunks (Table 1).
The number of trees per site varied between 7 and
170 subfossil specimens. However, the mean
3
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length of the series did not exhibit marked differ-
ences between the sites being an average 164
years, with longest and shortest mean lengths of
187 and 127 years, respectively. These data are
provided in the database as readily cross-dated

using standard procedures (Fritts, 1976; Schwein-
gruber, 1988), that is, each tree-ring value is
assigned to calendar year. Dating recheck of tree-
ring measurements was carried out using Cofecha
software (Holmes, 1983; Holmes et al., 1986; Gris-
sino-Mayer, 2001).

In general, the processes involving the mega-
fossil deposition are characterised by autochtho-
nous burial. Because of their large size, tree trunks
remain minimally transported, especially in peat-
land sites. In lacustrine conditions, however, a
fallen trunk may become captured by lake ice
during the boreal winter and transported from the
shore. Such minimally transported specimens
would, strictly speaking, represent parautochtho-
nous (sensu Kidwell et al., 1986) plant material.
Plant remains are preserved in these environments
because of gradual accumulation rates (Green-
wood, 1991) and reduced rates of biological and
mechanical degradation. These circumstances
benefit the preservation of whole or nearly com-
plete plants (Wing, 1988; Rich, 1989), such as
megafossils. Analysis of our data to illustrate the
pine population dynamics followed previous analy-
ses (Edvardsson et al., in press). The depositional
histories of tree accumulation were obtained as the
replication curves of each site chronology demon-
strating the number of tree-ring series (i.e., the
number of trees) per calendar year. Temporal fluc-
tuations in the replication curves were plotted to
depict the periods when the availability of subfossil
tree trunks in a given site was either increased or
decreased. These fluctuations were compared
amongst the lake sites and between the lake and
peatland sites, as well as with other proxy data
indicative of variations in past climatic conditions
and water table levels. 

TABLE 1. Characteristics of the eight lake sites (L1-L8) and one peatland site (P9) and their tree-ring data. Abbrevia-
tions: LA, Latitude; LO, longitude; NR, the number of rings, NS, the number of tree-ring series; NT, the number of trees;
LS, the mean length of the series in years; FY and LA, the first (FY) and last (LY) calendar year (A.D.) of the site

chronology; and LC, the total length of the chronology in years.

Site name Code LA LO NR NS NT LS FY LY LC

Alakieluu Louhi Kerimäki L1 61.93 28.98 3424 21 13 163 1144 1705 562

Liippilampi Louhi Kerimäki L2 61.92 29.03 23579 158 95 149 595 1816 1222

Kaivanto Louhi Kerimäki L3 61.93 28.98 28707 160 94 179 535 1744 1210

Isokortteikko Kerimäki L4 61.97 28.87 6464 36 19 180 844 1693 850

Valkeajarvi Makkola Kerimäki L5 61.97 28.87 26703 150 78 178 582 1742 1161

Herajärvi Makkola Kerimäki L6 61.97 28.83 31863 214 170 149 559 1732 1174

Hiisjärvi Kerimäki L7 61.90 29.02 7251 57 35 127 885 1698 814

Valkiajärvi Riikola Kerimäki L8 62.03 29.17 2244 12 7 187 1233 1831 599

Purujärvi Suursuo Kesälahti P9 61.80 29.75 21788 131 79 166 845 1330 486

FIGURE 1. Map of North Europe showing the locations
of the study site in southern Finland (filled circle) and
other late Quaternary palaeoclimate-data producing
sites (open circles) mentioned in this study. Lake Iso
Lehmälampi is the site of water level reconstructions
based on subfossils of the chironomid midge and cla-
doceran water flea (Luoto, 2009; Nevalainen et al.,
2011; Nevalainen and Luoto, 2012). Lit-1 and Lit-2 are
tree-ring sites studied by Pukienė (1997) and Edvards-
son et al. (2016), respectively.
4
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Drought Index

Previously, a set of annual maps of recon-
structed summer wetness and dryness in Europe
had been developed as the “Old World Drought
Atlas” over the Common Era (Cook et al., 2015).
These maps are based on dendroclimatic recon-
structions of self-calibrating Palmer Drought Sever-
ity Index (PDSI) (van der Schrier et al., 2013) on a
5414-point half-degree longitude by- latitude grid
calculated over the three summer months (June
through August). This PDSI data thus reflects
spring-summer soil moisture conditions (Cook et
al., 2015). Here we used a spatially restricted por-
tion (65° N to 60° N and 25° E to 30° E) of this
large dataset for comparison with our pine data. To
illustrate long-term hydroclimatic variations, this
PDSI series was smoothed using 150-year spline
function (Cook and Peters, 1981). This smoothed
record was expected to portray low-frequency cli-
mate variability, i.e. variability on centennial and
longer scales. Being possibly the most widely used
regional index of drought, the PDSI is indicative not
only of the drought intensity (i.e., negative index)
but also the beginning and ending dates of corre-
sponding events (Alley, 1984). High coherence
between this drought (PDSI) and the precipitation
indices implies that the former is driven mainly by
precipitation variability. Yet, the PDSI is additionally
dependent on antecedent soil and atmospheric
conditions, which both contribute to a current
month’s drought index (Guttman, 1998).

Palaeolimnological Reconstructions

Several palaeolimnological studies have
recently concentrated on Lake Iso Lehmälampi
(Luoto, 2009; Nevalainen et al., 2011; Nevalainen
and Luoto, 2012) situated in southern Finland
(60.33° N; 24.60° E). This site may represent an
ideal comparison with tree-ring chronologies for
several reasons. The palaeolimnological records
from Lake Iso Lehmälampi have been shown to
contain the sedimentary midge (Chironomidae)
and water flea (Cladocera) assemblages indicative
of water level fluctuations during the MCA and LIA.
Moreover, the past water-level variations have
been quantitatively reconstructed for this site using
the microfossil remains of both chironomids and
Cladocera by applying the transfer function
approach (calibration-in-space). In addition, the
Cladocera-calibrations drawn from (1) intra-site
and (2) multi-site training sets have resulted in two
alternative reconstructions of past water-level vari-
ations. Depositional histories of our lake and peat-
land sites were compared to these three types of

reconstructions from the same site (Lake Iso
Lehmälampi) to reveal any possible difference the
proxy type (chironomids versus Cladocera) or the
type of calibration (intra-site versus multi-site train-
ing set) may have produced for the observed varia-
tions.

RESULTS

Replication Curves

Tree-ring chronologies of lake and peatland
sites represent late Holocene pine populations
between AD 535 and 1831 (Table 1). Temporal dis-
tribution of the chronologies showed synchronous
depositional histories of subfossil trees among the
lake sites (Figure 2.1). Accumulation of the trees
started to increase towards the late ninth century,
with a subsequent minimum during the first half of
the twelfth century. A peak in accumulation was
evident towards the late thirteenth century, around
AD 1300. Thereafter, the accumulation rate
decreased with only slight increase in subfossil
availability during the first half of the sixteenth cen-
tury. This course of depositional histories was nota-
bly similar for virtually all of the lake sites, with only
slight differences discernible between the corre-
sponding replication curves.

Accumulation of subfossil trees in the peat-
land site showed a distinctly divergent course of
depositional history (Figure 2.2). Since the begin-
ning of the accumulation in the ninth century, the
replication curve peaked more sharply at the turn
of the millennium, ca. AD 1000. Thereafter, a
decrease in the accumulation of trees was a nota-
ble feature of the replication curve; the most recent
subfossil pine specimen was dated as the early
fourteenth century. Whereas the accumulation of
the trees increased in lake sites over the twelfth
and thirteenth centuries, the peatland site indicated
no similar increase. Compared to peatland chronol-
ogy, all of the lake site chronologies exhibit more
continuous deposition of subfossil trunks, with
extended temporal coverage (Table 1). The length
of the peatland chronology (486 years) is notably
exceeded by the mean length of chronologies from
lake sites (949 years).

Reconstructed Droughts and Pluvials

Comparison with the long-term variations in
reconstructed Palmer Drought Severity Index
(PDSI) showed clear consistency with the deposi-
tional history of the peatland pines. Accumulation
of peatland pines started when the PDSI values
declined during the ninth century, indicating
5



HELAMA ET AL.: DEPOSITIONAL HISTORIES
increasing drought in the region (Figure 3.1). The
peak in accumulation around c.a. AD 1000 is con-
sistent with the long-term drought as illustrated by
negative PDSI values between AD 880s and
1080s. Increasing moisture, as observed by the
PDSI thereafter, coincides with decreasing replica-
tion of peatland pines. On the other hand, this
increase in moisture corresponds with increasing

replication in the lake site chronologies, especially
from the 1200s onwards. Moreover, the subse-
quent minimum in the lake sites’ replication during
the first half of the twelfth century coincides with
low PDSI values over the same period. Likewise,
the minor phase of increase during the first half of
the sixteenth century occurred during the rising
PDSI values.

FIGURE 2. Replication curves of the subfossil tree-ring chronologies. 1, lake sites; and 2, the peatland site. Data are
given in Table 1.
6
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7

FIGURE 3. Comparisons of the proxy indications from southern Finland from AD 600 to 1800. 1, the Palmer Drought
Severity Index (PDSI) reflecting spring-summer soil moisture conditions (Cook et al., 2015); 2, the water level recon-
struction based on subfossil chironomid midge (dashed line) and cladoceran water flea (solid lines; calibrations from
intra-site by thick line and multi-site training sets by thin line) communities in Lake Iso Lehmälampi (Luoto, 2009;
Nevalainen et al., 2011; Nevalainen and Luoto, 2012); and 3, the replication curves of the subfossil tree-ring chronol-
ogies constituting a peatland and eight lake sites (this study).
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Comparison with the palaeolimnological
reconstructions from chironomids and cladoceran
evidence for water level fluctuations in Lake Iso
Lehmälampi confirmed the patterns of increased
peatland pine accumulation during the droughts
and decreased accumulation in the same environ-
ment during the pluvials (Figure 3.2). All three
reconstructions of late Holocene water depth varia-
tions in Lake Iso Lehmälampi showed a generally
lowered water table during the late part of the first
millennium AD. This phase coincided with the
period of tree accumulation in the peatland site.
Thereafter, all three reconstructions indicated ris-
ing water tables not later than the twelfth century.
Timing of this change in palaeohydrology was
markedly consistent with the increasing accumula-
tion of trees in the lake sites (Figure 3.3). More
details of this linkage are observed when compar-
ing the tree accumulation with chironomid-based
reconstruction (dotted line in Figure 3.2). This com-
parison indicates a coinciding minimum in both
records during the eleventh and fifteenth centuries,
consistently with low PDSI values.

DISCUSSION

Peatland pine accumulation increased during
the drought around AD 1000, consistent with the
PDSI reconstruction. This increase, therefore,
occurred during a phase of dry surface conditions
beneficial for pine colonization (Torbenson et al.,
2015; Edvardsson et al., in press). Recent forestry
experiments have demonstrated that peatland
drainage is followed by increased pine recruitment,
stand density, and mean tree size (Sarkkola et al.,
2004). In peatland sites any decrease in soil mois-
ture is directly encountered by the root system of
trees growing on the site. With these regards the
physical and chemical changes within the upper-
most 30 cm of peat soil appear to play an essential
role in determining the changing soil-plant interac-
tions (Paavilainen, 1966; Boggie, 1972). In the
context of the past droughts, it can be deduced that
the water table level may have dropped in propor-
tion to this depth.

Since AD 1000 the replication of peatland
pines declined and that of lake sites increased,
with a concomitant indication of increased water
supply. Raising lake water level, indicated by chi-
ronomid- and cladoceran-based reconstructions,
likely submerged the trees recruited near the lake
shores during the period of low lake water level. In
the peatland site, however, surfaces became
excessively wet and did not allow pine regenera-
tion in that environment. Rising lake water level

contributed to necrological processes by inciting
riparian tree mortality and by increasing the preser-
vation potential of trees transported into the poten-
tially anoxic depositional environment. The
recruitment could likely continue adjacent to the
riparian zone, whereas pine recruitment may have
been largely halted by unsuitably high water level,
especially on peatland areas with flat topography.
This viewpoint concurs with that of differing plant
accumulation processes in lake and peatland sites
(Greenwood, 1991) and effectively explains the
contrasting trends in the two replication curves.
Generally moist conditions over this period of
higher water levels are also inferred from the PDSI
reconstruction with no similar droughts during the
following centuries, in comparison to that observed
at the turn of the millennium.

Once the high lake level was attained, the
accumulation of riparian trees was not increasing.
Instead, the replication of chronologies from lake
sites demonstrates a gradual decline in subfossil
availability since around AD 1300. Likely, it is not
the high lake level itself, but its progressive rise
that increased the accumulation in that environ-
ment. These palaeohydrological indications appear
consistent with the long-term climatic evolution of
continental Europe and Fennoscandia with evi-
dence for wide-spread megadroughts between AD
1000 and 1200 (Cook et al., 2015). Reconstructed
by multiple proxies for southern Finland, these fluc-
tuations represent summertime droughts during
the Medieval Climate Anomaly (MCA) and
increased moisture during the following centuries
characteristic of the Little Ice Age (LIA) conditions
(Luoto and Helama, 2010; Luoto et al., 2013;
Nevalainen et al., 2013; Luoto and Nevalainen,
2015). This depiction would demonstrate why the
lake and peatland sites can be so deviant in accu-
mulation rates of the same plant part and under the
same climatic fluctuations, the marked alterations
originating from the prevailing processes of necrol-
ogy and biostratinomy (Gastaldo, 1988).

To explain these variations in peatland and
lake sites, especially their dissimilarities, we further
suggest reading the rapid changes in the replica-
tion curves as indications of a transitional environ-
mental change. To this end, we infer that riparian
pines once recruited during the MCA were sub-
merged by progressively rising water levels and
deposited into the lacustrine sediment. Such devel-
opment would cause a positive trend in the lake
sites’ replication curve, whereas the recruitment of
peatland pines was simultaneously impaired by
gradual elevation of water table level, hence the
8
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coinciding negative trend in peatland site’s replica-
tion. Thus, decreasing potential for recruitment in
the peatland site would coincide with increasing
potential for preservation in lake sites. This inter-
pretation demonstrates the respective roles of
palaeoecologic and taphonomic processes in form-
ing the replication curves of peatland and lake
chronologies. Yet, the depositional histories in both
sedimentary environments contain palaeohydro-
logical signals of their own. These implications
show the importance of observing lacustrine plant
fossils from taphonomic perspective (Rich, 1989).
The taphonomic evidence for the lake site accumu-
lation can be thought of as a representation of
taphonomic gain (Wilson, 1988), demonstrating the
ways the taphonomic agents not only degrade the
details of palaeontological information, but also
contribute to palaeoenvironmental reconstruction
by leaving characteristic evidence of taphonomic
process in the record.

Although the reconstructed PDSI and lake
level fluctuations largely explained the main char-
acteristics in the depositional histories, it cannot be
ruled out that additional factors may also have
played a role in determining the obtained replica-
tion records. Drying of the peatland site likely
resulted in increased pine recruitment, stand den-
sity, and mean tree size (Sarkkola et al., 2004).
The concomitant increase in tree stand growth
may, in turn, have further lowered the water table
level within the site, because of increasing evapo-
transpiration (Hökkä et al., 2008). Such relation-
ships could intensify the climatic effects of the MCA
drought, to create conditions beneficial for pine col-
onization. Moreover, the pine recruitment depends
on seed crop, known to improve with increasing
site fertility (Sarvas, 1962). The pine seed crop
also depends on summer warmth, especially in
subarctic sites (Henttonen et al., 1986). Under
such circumstances the replication curves of sub-
fossil tree-ring chronologies are in fact expected to
reflect summer temperature variability (Helama et
al., 2005, 2010). Whereas the temperature control
on seed maturation weakens towards the south
(Henttonen et al., 1986), past temperature varia-
tions can be expected to have only minor influence
on our replication records. Nonetheless, the early
MCA was characterized by rising temperature lev-
els in most of Europe (Luterbacher et al., 2016)
and also in the study region (Helama et al., 2014).
If the pine seed crop increased during the early
MCA as the growing conditions changed, this may

have induced the ninth century increase observed
not only in the peatland pine curve, but also, albeit
less prominently, in the lake sites’ data.

In a larger regional view, our tree-ring chronol-
ogy of peatland pines can be compared with those
previously established in Lithuania (Pukienė, 1997,
2001; Edvardsson et al., 2016) (see Figure 1).
Overlapping with our data, the radiocarbon dated
pine chronology from a Lithuanian site Užpelkių
Tyrelis (Pukienė, 1997) spanned approximately AD
951–1148, thus coinciding markedly with the maxi-
mum phase of peatland pines in Finland. The syn-
chrony of these events suggests a common
climatic forcing causing the pine colonization on
the two distant sites. Moreover, the coincidence of
these recruitment phases with the MCA implies
that they may have been induced by the relatively
dry climates prevailing over a larger portion of con-
tinental north-central Europe and southern Fen-
noscandia, prevailing over the Lithuanian and
Finnish sites, between AD 1000 and 1200 (Cook et
al., 2015). 

However, the other radiocarbon-dated
chronologies from Lithuania span approximately
AD 636–956 (Edvardsson et al., 2016), AD 551–
837, AD 1143–1474, and AD 1773–1924 (Pukienė,
1997), and thus with no meaningful overlaps with
the Finnish peatland pine chronology. These dis-
crepancies may imply spatially restricted
responses in hydrological cycle, peatland vegeta-
tion, or both, to climatic shifts of continental scale.
In addition, the northern location of the Finnish site
has possibly made the trees more sensitive to tem-
perature variability in comparison to the Lithuanian
sites, which at present show tree-growth response
associated to a mixture of pre-growth season tem-
perature and long-term hydrological changes
(Edvardsson et al., 2015). We concur with the pre-
viously set target for developing continuous annu-
ally resolved moisture-sensitive tree-ring records
for the same region (Edvardsson et al., 2016).
Extending these chronologies will detail the picture
of hydroclimate anomalies over the Holocene.
They will also enable assessments of climate
model simulations and future climate scenarios.
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