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Dendrogeomorphology — a new tool to study drift-sand dynamics
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A dendrogeomorphological approach is presented, using wood characteristics of native oak (Quercus robur L.) to infer dynamics of aeolian sediment
transport in drift-sand areas. Wood samples, taken from oaks in two drift-sand areas, were analysed to study changes in tree-ring pattern and
wood anatomy as a consequence of burying or exposure from drift sand.

In all cases, the wood of the sampled oaks showed sudden changes in anatomy and tree-ring width due to burial by drift sand or subsequent
exposure after erosion of the new soil surface. After aerial stems became covered by drift sand, the wood lost its characteristic ring-porous
features, and tree rings became strongly reduced in width with less distinct ring boundaries. Buried stems that became exposed after erosion
showed an abrupt increase in ring width and turned distinctly ring porous again. Roots that were exposed also adopted clear ring-porous features,
increased in ring width and anatomically resembled aerial stem wood.

Using tree-ring analysis, it is possible to precisely date sand deposition and erosion events by detecting the concurrent changes in aﬁatomy
of woody structures. This study indicates the high potential of dendrogeomorphology as a tool to study drift-sand dynamics with a high
temporal, i.e. annual, resolution for a period going back as long as the maximum age of the trees present (in this study at least 250 years). Since

the signals of past deposition and erosion events are conserved in the wood, this is the only method that can be used to reconstruct drift-sand

dynamics when the actual landforms are no longer present.
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remaining drift-sand areas, or restore the consolidated drift

Introduction
' ' sand by removing all vegetation and topsoil, and clearing sur-
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The Netherlands contain the largest area of active drift sands
in northern Europe, but this area is rapidly declining. During
the past centuries, the area of active drift sand has decreased
from approximately 800 km? in 1850 and 40 km? in 1980 to
only 15 km? in 2000 (Bakker et al., 2003; Riksen et al., 2006;
Fig. 1). Large-scale afforestations, changes in land use, and
increased nitrogen deposition have all contributed to the rapid
consolidation of active drift sands. Concurrently, species related
to drift sands have become rare or locally extinct (Bal et al.,
2001). To curb this trend, drift sand areas have been designated
a protected habitat type within the European Natura 2000
network. Many efforts are now made to conserve the last
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rounding forests to increase landscape erodibility.

The future development of the current drift-sand areas or
the potential of their successful restoration depend on a better
understanding of those external factors that are driving the
system: climate, landscape erodibility and land use (Koster,
1978: Bakker et al., 2003; Riksen et al., 2006). There are, how-
ever, no long-term data sets available on the direct relation
between these factors and aeolian activity. The reconstruction
of sediment transport and erosion, based on dated events in
the past, allows studying dynamics of aeolian activity in retro-
spect, and linking it to climatic events and changes in land-
scape structure.
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Fig. 1. The expanses of drift sand areas in the Netherlands and northern

Belgium, within the matrix of cover sands from which these drift sands
onginated. Most drift sands are now consolidated. The locations of the
research sites are indicated by DS (Deelensche Start) and LDD (Loonse en
Drunense Duinen). Figure after Koster (2005).

The large Dutch drift sands originate from the medieval
period (Koster, 1978). Their origin could be dated with
conventional dating techniques, such as 1C, of the palaeosoils
underneath the drift sand deposits. However, 14C dating of dune
formation is only possible if enough carbon has accumulated
in the overblown surface. This implies that between vegetated
periods, gradual build-up of the dunes cannot be followed due
to the lack of suitable organic material for '4C dating. Combined
with the wide confidence interval, this makes 14C dating not
suited to answer questions related to fine scale processes
within the drift-sand system that vary on a annual to decadal
scale. The recently developed technique of Optically Stimulated
Luminescence (OSL) dating has made it possible to study sand-
deposition phases with considerably higher accuracy (Ballarini
et al., 2003; Wallinga et al., 2007).

In this paper we propose a novel method for dating drift-
sand dynamics using the anatomical changes in the wood of
trees that are (partially) covered by drift sand, or have become
exposed after erosion. The detection of abrupt changes in
wood anatomy in combination with dendrochronology allows
dating deposition and erosion events to the exact year. This
will enable us to reconstruct aeolian activity with unprece-
dented precision.

The application of dendrochronological techniques in geo-
morphology has led to the development of dendrogeomorphology

(e.g. Alestalo, 1971; Gartner et al., 2001; Bodoque et al., 2005).
Especially in mountainous areas, studies on coniferous tree
species like Norway spruce (Picea abies (L.) Karst.), European
larch (Larix decidua P. Mill.) and Scots pine (Pinus sylvestris)
have been able to exactly date and reconstruct geological events
such as land slides and avalanches. This was done by using
sudden changes in the wood anatomy of roots that occurred
after exposure as time markers (Girtner et al., 2001; Géirtner,
2003, 2007; Bodoque et al., 2005). Also, the covering of stems
and roots by sand results in distinct changes in the wood
anatomy. This enables the detection of the burial time with
approximate annual precision (Cournoyer & Filion, 1994).

Recently, the possibilities of using broadleaved species have
been explored to reconstruct erosion effects on ash (Fraxinus
excelsior L.) and beech (Fagus sylvatica L.). These studies were
able to date the exact year of exposure (Sahling et al., 2003;
Hitz et al., 2006). To our knowledge, no research has yet been
conducted to test whether broadleaved species can be used to
study the time of burial due to geomorphic events.

In this paper we explore the potential of dendrogeomor-
phology, using native oak (Quercus robur L.), to reconstruct
aeolian sediment transport in drift-sand areas with high
accuracy. Specific questions we address are (1) what are the
effects of covering by sand and exposure on the wood anatomy
of stems and roots of oaks, and (2) can we exactly date the
year of burial and/or exposure?

- Methods

Trees m drift sand
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Trees frequently establish in drift-sand areas, mainly in local
areas where vegetation cover has developed in later stages of
the succession. Oak (Quercus robur, Q. petraea (Matt.) Liebl.),
Scots pine (Pinus sylvestris L.) and Birch (Betula pendula Roth)
are the main species occurring in Dutch drift sand (Fanta,
1982). Birch has a short life span, leaving oak and pine as the
most promising species to be used for a dendrogeomorphological
study. Scots pine was imported on a large scale in afforesta-
tions of drift sand during the late 19th and first half of the
20th century. Older trees are usually oaks. These may be trees
that have spontaneously established from seeds, or have been
planted and managed to serve as sand traps (Buis, 1985).

Oaks occur as single trees or clustered in groups in drift-
sand areas (Fig. 2). The clusters of oak are characterised by
having many stems growing closely together, and DNA-
analysis has shown that such oak clusters consist of a single
or a few different genotypes forming one or more clones
(Copini et al., 2005). These clusters originate from oak shrubs
or trees that have been partially covered by drift sand (Tesch
et al., 1926; Stoutjesdijk, 1959; Copini et al., 2005).
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