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Introduction
Annually resolved and absolutely dated patterns of tree-ring width, ideally driven by one
dominating climate factor, such as summer temperature at the upper and northern distribution
limits of tree growth (Fritts 1976), can provide unique opportunities for reconstructing past climate
conditions (Esper et al. 2002). A combination of living trees and relict material may even allow
continuous chronologies to be developed over centuries to millennia (Büntgen et al. 2011), which
ultimately denote important paleo-environmental archives (IPCC 2007).
Arctic driftwood, exclusively originating from the circumpolar boreal forest zone, rifted by the ocean
currents and deposited along shallow coastlines, is exceptional regarding its spatial dispersal
distance and ability to be preserved over most of the Holocene (Funder et al. 2011). Driftwood may
therefore constitute an important proxy record at the interface of marine and terrestrial processes.
In fact, it may contain information on past environmental conditions that occurred during a tree´s
lifespan, but also reflects changes in forest management, as well as associated logging and
floating activities (Johansen 1998). Insight into past changes in the rate of river runoff, the
dynamics of ocean currents, and the amount of postglacial uplift might be further gained from large
driftwood collections if the absolute age and precise origin of each sample is determined via the
application of traditional dendrochronological and wood anatomical techniques.
Early explorers at the end of the 19th century were pioneers in scientifically collecting and
analyzing driftwood (e.g. Agardh 1869, Kindle 1921, Eurola 1971) (Fig. 1). The amount of material
considered in these studies was, however, restricted to a few samples only. From the 1990s
onward, more sophisticated surveys with enhanced sample replication took place with a main
interest in assessing paleo-environmental changes including variations in sea-ice cover, as well as
in linking driftwood abundance to human settlement (e.g. Eggertsson 1993, 1994a, 1994b, Dyke et
al. 1997, Johansen 1998, 1999, Alix 2005). Nevertheless, highly replicated and systematic Arctic
driftwood compilations and their subsequent wood anatomical and dendrochronological evaluation
are still missing.
Near Holocene-long estimates of fluctuations in Arctic sea-ice cover and ocean currents were
recently obtained from radiocarbon dates of ~80 driftwood samples (Funder et al. 2011), which
originated from northeast Greenland. This 10’000-year long record was combined with careful
analyses of ancient shell and plant remains, as well as lake isolation lines. Situated at the forefront
of modern paleo-climatology and -oceanography, and focusing on the Arctic region – one of the
world’s most sensitive environments to climate change – this cross-disciplinary study clearly
emphasizes the potential of driftwood research to generate unprecedented datasets that combine
information from both, terrestrial and marine ecosystems. However, some of the results remain
partly debatable and thus raise an array of stimulating questions: Were wood anatomical and/or
dendrochronological analyses applied to define the genus or species of each driftwood sample,
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and if yes, were these methods able to properly differentiate between spruce, larch, and pine? Why
was the potential Siberian source region restricted to the boreal forest east of ~85°E only? How
were different ocean currents that may transport driftwood from the Russian White Sea, the
Barents Sea, and the more eastern Kara Sea considered? Why was the natural species
distribution of the boreal forest zone simplified, yielding to the assumption that spruce
predominantly originates from northern North America and larch mainly derives from eastern
Siberia?

Figure 1: History of Arctic driftwood research per region: A. Iceland, B. Northern Norway, C. Svalbard, D. Jan
Mayen, E. Northern Greenland, F. Northern Canada, G. Central Canada, H. Alaska, I. Siberia (Kolyma), J.
Svalbard (This study), K. Eastern Greenland (This study). More than one study was often conducted per
region and circle sizes therefore indicate the number of collected samples per region.

Data and Methods
In seeking to provide further methodological insight and to possibly also answer some of the above
questions, we reanalyzed a total of 1’445 driftwood samples from coastal east Greenland (1’055)
and Svalbard (390). All samples, ranging from small branches to large stems, were collected as
discs and represent a random compilation of Arctic driftwood. The samples were differentiated
between logged and natural material in the field. Logged stems derive from timber rafting on the
boreal rivers, while naturally fallen stems enter the rivers due to storm events, erosion processes,
or changing soil conditions. Missing rootstocks and snags characterize logged material, and clearly
distinguish it from natural wood showing a root collar and/or evidence of branches.
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All samples were sanded and macroscopically categorized. Macroscopic characteristics include
sap-to-heartwood contrast, wood color, resin ducts, and the transition from early- to latewood.
Odor and gloss of driftwood samples do not provide reliable information. Reddish heartwood is
indicative for larch and pine. Spruce and fir are bright colored. Large resin ducts are typical for
pine, whereas small resin ducts are common in larch and spruce. Fir is characterized by the
absence of resin ducts or solely contains traumatic rows. Sharp boundaries between bright
earlywood and reddish latewood are indicative for larch. To further identify the genus, respectively
species of each sample, their corresponding radial cuts were microscopically analyzed. Larch,
spruce, and fir have small pits in the ray cross-fields. Pine has large pinoid pits in the rays. Scots
pine differs from Siberian pine by tooth-shaped in comparison to smooth tracheid walls.
Geographical online data (Little 1971, EUFORGEN 2009, Malyshev 2008) were combined with
historical Russian inventories (pers. comm. S. Shyatov) and documentary evidence (Berg 1950), to
map the circumpolar distribution of the main boreal conifer species. The main Eurasian and
American river systems and dominant Arctic Ocean currents supplemented the bio-geographical
mapping.
Results and Discussion
Our macroscopic classification separated pine, other coniferous (larch, spruce, and fir) and a few
deciduous genera. Additional microscopic anatomical analyses specified Pinus sylvestris and
Pinus sibirica, as well as Larix sp., Picea sp., Abies sp., Salix sp., Populus sp., and Betula sp.
Microscopic differentiation was possible for fir, willow, poplar and birch at genus-level, at specieslevel for pine (Scots pine and Siberian pine). Similar structure and frequent fungi infestation
complicated the distinction between spruce and larch.
Uniseriately (biseriately) arranged bordered pits most often indicate spruce (larch). The different
shape of cross-sectioned bordered pits in radial cuts enables the certain differentiation between
the two species (Bartholin 1979). Angular-shaped pits characterize spruce, while smooth-shaped
pits are typical for larch (Fig. 2).

Figure 2: Distinctive anatomical feature for spruce and larch (radial cuts): a. Spruce contains angular
bordered pits in its cross-sections. b. Larch comprises smooth-shaped bordered pits in its cross sections.

Our results emphasize the importance of thorough wood anatomical analyses and reveal a diverse
species distribution among the driftwood sample, which reflects the circumpolar boreal species
composition fairly well. Scots pine constitutes almost half of the material (37%), followed by larch
and spruce (26% and 18%) (Fig. 3). Small branches represent local driftwood from surrounding
areas, with willow accounting for 8% of the entire compilation. Pinus sibirica, Abies sp., Populus
sp., and Betula sp. are less frequent and do not surpass 5% each.
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Figure 3: Species distribution of different driftwood studies, including material from northern Greenland
(Funder et al. 2011), as well as eastern Greenland and Svalbard (this study), with species being abbreviated
(PISY: Pinus sylvestris, PISI: Pinus sibirica, LASP: Larix sp., PCSP: Picea sp., ABSP: Abies sp., SASP: Salix
sp., BESP: Betula sp., Plyw.: Plywood, wood: unidentified samples; nd: not declared if natural or logged
wood, n: natural, l: logged).

This study highlights the importance of a precise anatomical assessment, and questions the results
by Funder et al. (2011), who separated 80 samples from northeast Greenland into larch and
spruce only. At the same time, our results stress the anatomical challenge of differentiating
between spruce and larch species, and hence imply the impossibility of defining the precise origin
of these two driftwood genera.
A combination of wood anatomical and dendrochronological techniques including crossdating
against boreal master chronologies per catchment therefore appears particularly relevant for a
precise driftwood provenancing.
Based on a fairly rough species distribution, Funder et al. (2011) considered spruce to originate
exclusively from northern North America, and larch to derive only from eastern Siberia > ~85°E
(east of the Yenisei River). However, the natural boreal species distribution is much more complex
(Fig. 4), and all genera appear circumpolar on both continents. Moreover, larch is widely distributed
in Siberia and its habitat reaches far more west than the Yenisei. According to the prevailing ocean
currents, wood from western Siberia should be able to enter the main currents, which subsequently
can transport the wood to its final deposition along the shallow coastlines of eastern Greenland
(Fig. 4).

Figure 4: Spatial distribution of boreal forest species: a. Funder et al. (2011), b. Distribution considered in
this study (EUFORGEN 2009, Little 1971, Malyshev 2008).
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The proportion of logged and natural stems differs between the species. Almost two third (71%) of
all Scots pines were logged. Within larch and spruce the amount of logged (39% and 40%) and
natural (39% and 40%) wood is nearly the same. Our results therefore contradict the rather old
material described by Funder et al. (2011). Pine is the dominating species in central Siberia and
therefore prominent in the Russian wood industry, where timber rafting on the large rivers is the
common way of transport. Intensive logging in combination with timber floating on the large
Siberian rivers was started in the first half of the 20th century. Before better floating methods were
established by the middle of the last century, many stems got lost on their way down the rivers.
Henceforth, pine is more likely to be transported into and further through the Arctic Ocean.
Conclusions
Macro- and microscopic wood anatomical classification reveals different driftwood genera. A
species-specific classification is exclusively possible for pine. Almost half of all samples were
logged, and thus originate from rather recent wood industrial activities, e.g. timber rafting.
Contradicting earlier results from the northeastern coastlines of Greenland, Pinus sylvestris
accounts for the majority of our sample. This material is associated to a particularly large
distribution area in Siberia, as well as to its predomination in the wood industry. Moreover, we
identified Larix sp., Picea sp., Abies sp., and Pinus sibirica, as well as deciduous wood of Salix sp.,
Populus sp., and Betula sp.. The herein analyzed driftwood collection proportionally reflects the
natural species distribution of the circumpolar boreal forest zone, where the same genera appear
with different intensity on both continents. Additional dendrochronological analyses including
precise crossdating will guarantee the precise geographical and temporal originating of our
driftwood collection. Further investigation on isotopes, fungi, ancient DNA or radiocarbon dating,
also on material from different sites in the Arctic will help to fully detect the dendroecological
potential of Arctic driftwood.
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