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In many societies, livelihood strategies are based on a combination of economic
strategies, including natural resources such as trees for wood, leaves, and fruits.
Archeological wood charcoals are residues of human activity related to fire. They
provide evidence of fuelwood and, in some contexts, timber, handcraft activities, and
fruit production. They represent a detailed record of the way ancient woodlands were
exploited. However, charcoal analyses are often confined to the study of taxa and
their relative frequency, and socio-economic interpretations are thus limited. In the last
two decades, dendro-anthracological studies have been developed. Tree-ring widths,
radius of curvature, and carbon isotope contents are increasingly used as indicators
of wood gathering practices, woodland management and climate. Nevertheless, in
the absence of standards, measurement procedures and data processing are very
diverse. The challenge for archeological charcoal analyses is thus to improve analytical
tools, especially on dendro-anthracological and isotopic aspects, in order to improve
the interpretation of archeological assemblages and advance the discipline. As an
example, we present a new approach for taxa growing in Western Europe combining
() different dendro-anthracological parameters, (i) an anthraco-typological approach
based on modern-day wood stands, (i) identification of anatomical signatures revealing
particular forestry practices, and (iv) stable carbon isotopes. This opens the discussion
on methodological perspectives and the associated scientific questions focusing on
woodland exploitation and climate, and on the interest of a systemic approach for the
analysis of charcoal in archeological contexts.

Keywords: archaeological charcoal assemblages, dendro-anatomy, isotope, wood gathering, woodland
management, climate
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RETHINKING WHAT WOOD
MANAGEMENT PRACTICES CAN TELL
US ABOUT PAST SOCIETIES

Natural Wood Resources: An
Underestimated Key for Studying Past
Societies

In archeology, reflection about wood gathering practices for
fuel and timber is mainly based on a list of taxa and their
frequency and thus often reduced to concepts of selection
or opportunism. However, many ethnographic examples show
much more complex relationships between societies and the
living world. In many societies, livelihood strategies are based
on a combination of economic strategies, including wild
plant resources (Testard, 2012). Highly sophisticated systems
of natural wood resource exploitation linked to different
degrees of woodland management have been described in
ethnography (see e.g., Kialo, 2007; Michon, 2015; Rostain, 2016).
At the tree scale, strategies include harvesting or incipient
management such as tolerance (preserving plants) and protection
(eliminating competitors) (Gonzilez-Insuasti and Caballero,
2007). Additional practices, such as coppicing and pollarding,
lead to an increase in wood biomass, favoring the production
of wood with a specific morphology and the management of
edible fruit production (Mosquera-Losada et al., 2012). At the
forest ecosystem scale, societies transform their living space by
the interweaving of natural silvigenetic dynamics and socially
driven actions favoring particular wood resources and their
associated products such as fruits and roots (Michon, 2015).
Forests have been shaped by societies into humanized, valuable,
nourishing spaces in as many different ways as the societies
themselves, depending on social organization, know-how and
techniques, food strategies and environment (Descola, 2004).
Various spatial configurations, from the simplest to the most
complex, result from this articulation between forest and society,
and particularly from different forestry practices. Therefore
the forest can be understood as part of the social space of a
community, both shaping and shaped by communities (Paschalis,
2003). Our challenge is to identify such practices and reconstruct
the resulting landscape. Furthermore, woodland management
practices may constitute a key and as yet underestimated tool
for studying the trajectories of past societies. Charred wood
preserved as charcoal in archeological sites is the most frequent
and informative record of past woodland exploitation. These
residues of wood gathered and transported by people are
also valuable artefacts reflecting social actions depending on
techniques, economic strategies, and the environment (Asouti
and Austin, 2005; Picornell-Gelabert et al., 2011; Dufraisse, 2012,
2014; Figure 1).

The Memory of the Tree and Charcoal

Fragments: Tree-Ring Parameters

To characterize natural and anthropic woodlands four
parameters are needed: composition (dominant and secondary
species), stand density (number of stems per hectare), structure
(distribution of age and diameter classes of trees), and modes

of regeneration (seeded or vegetative regeneration) (Rondeux,
1999). The factors influencing growth are therefore multiple,
highlighting environmental events and human practices
that affect the tree throughout its life. These are recorded
within the wood tissues i.e., tree-ring anatomy and density,
chemical and isotopic wood composition, and depend on
age and tree organ (trunk or branch). To extract information
recorded in tree-ring widths from ecological records on living
trees or archeological wood remains, different tools from
dendrochronology, dendroarchaeology, dendroclimatology, etc.,
are used (Cook and Kairiukstis, 1990; Schweingruber, 1996;
Payette and Filion, 2010).

While carbonization preserves the wood anatomy, allowing
the taxonomic identification of wood remains, it also leads to
fragmentation, shrinkage and mass loss as charcoal fragments
are partially reduced to ashes. Besides, fragments deriving from
trunks and/or branches, or even roots, present few rings, often
without pith and/or bark, resulting from the exploitation of many
indistinguishable individuals. Consequently, in the absence of
adequate tools to explore the information contained in charcoal
tree-rings, the first dendro-anthracological developments started
at the beginning of the 20th century (for a review, see
Marguerie et al., 2010).

METHODOLOGICAL ADVANCES IN
DENDRO-ANTHRACOLOGY

Methodological Developments During

the Last Two Decades

Dendro-anthracological methods have undergone a decisive
expansion in the last two decades. Lundstrom-Baudais (1997)
and Ludemann and Nelle (2002) presented a semi-quantitative
estimation of the wood diameters guided by a graduated target.
Marguerie and Hunot (2007) proposed a systemic approach
using large pieces of charcoal, based on a combination of
the measurements of tree-ring width, a qualitative approach
of ring-curvature, and the presence of bark, pith or reaction
wood, and fungal hyphae. But the most outstanding advances
involved the development of quantitative tools and significantly
benefited from the use of image analysis software. This led to
the development of (i) quantitative anatomy, applied to specific
problems such as the management and cultivation practices of
the olive tree in the western Mediterranean (e.g., Terral and
Mengual, 1999; Limier et al., 2018); and (ii) quantitative dendro-
anthracology, focusing on estimating the charcoal-pith distance
independently of ring morphology variations (Dufraisse and
Garcia-Martinez, 2011; Paradis-Grenouillet et al., 2013), or to
specific approaches on entire pieces of round wood (Deforce and
Haneca, 2015; Out et al., 2020).

From Practices to Paleoenvironmental
Reconstruction: Dendro-Anthracological

Applications and Current Limitations

The application of dendro-anthracological parameters to
archeological charcoal assemblages gives access to valuable
information both on wood gathering practices (selection criteria,
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FIGURE 1 | Archeological charcoal fragments as valuable artefacts reflecting socio-economic organization and environment.

extraction methods, wood shaping), and woodland management
(supply areas, pruning practices). In Western Europe, mainly in
France and Germany, dendro-anthracology was developed and
applied in different contexts. Ludemann and Nelle (2002) and
Paradis-Grenouillet et al. (2015) characterized past wood uses
through the study of numerous historical wood charcoal kilns,
respectively in the Black Forest and Mont-Lozére. Marguerie
and Hunot (2007) systematically added the measurement of
ring widths to the identification of charcoal to assess woodland

density during the Holocene in Northwestern France. Dufraisse
(see e.g., Dufraisse and Leuzinger, 2009; Schlichtherle et al.,
2010) studied firewood gathering and woodland management as
an indicator of the social organizations and economic contexts
of Neolithic societies living along alpine lakeshores. In arid
environments, in Turkey, Kabukcu (2018) and Marston et al.
(2021) applied dendro-anthracology to describe wood uses and
assess their environmental impact. Finally, the production of
new datasets combining dendro-anthracology and entomology

Frontiers in Ecology and Evolution | www.frontiersin.org

March 2022 | Volume 10 | Article 823968


https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

Dufraisse et al.

Woodlands as Resources for Understanding Past Societies

has revitalized the field of anthracological research (Bouchaud
etal., 2021; Toriti et al., 2021).

All the above studies point out that the measurement
procedures and data processing lack a methodological standard.
In general, the morpho-anatomical characteristics cited in
the literature (ring width, radius of curvature, tyloses, etc.)
are used without regional and/or specific standard references.
For example, the presence of tyloses in vessels occurring with
aging and heartwood formation can be used to estimate a
minimum logging age for oak (Quercus robur/petraea) through
a quantitative approach (Dufraisse et al, 2018a). However,
the application of this proxy on other taxa requires modern
references, since tyloses are not systematically associated
with heartwood formation in all woody species (Tyree and
Zimmermann, 2002). Furthermore, specific qualitative or
quantitative procedures have to be implemented to apply this
approach to archeological charcoals. In other cases, multivariate
analyses give a very good overview of the identified taxa
and their associated dendro-anthracological parameters and
their other attributes (the condition of the wood and the
ecophysiological tree-ring attributes). However, they cannot
process the combined dendro-anthracological information
at the fragment scale. When dendro-anthracological analyses
are reduced to one parameter, for example ring curvature,
interpretations are limited, in this case to the distinction
between small and large diameters, without distinction
between branches and stem, whereas the social and economic
organizations derived from these two modes of exploitation are
quite different.

The challenge for anthracology is thus to improve analytical
tools, i.e.,, modern references, measurement procedures and
data processing, especially on dendro-anthracology, that will
allow advances in the interpretation of archeological charcoal
assemblages.

Example of a Quantitative
Dendro-Anthracological Approach to
Taxa Growing in Western European:
Anthraco-Typology

The objective of the anthraco-typological approach is to
improve the use of dendrochronological methods by proposing
a battery of quantitative dendro-anthracological tools and
transposing them to anthracology’s “dendroecological growth
models” (Girardclos et al., 2012) established from modern
wood stands, which was previously impossible (Figure 2).
In that way, we developed a systematic approach conducted
for taxa growing in Western Europe, based on modern-
day wood stand references and combining (i) quantitative
dendro-anthracological parameters, and (ii) an anthraco-
typological approach, capable of processing the information at
the fragment scale.

Tree-ring width is easily measured from wood charcoal. The
main methodological problem is that we do not know where the
charcoal fragment was located in the tree (trunk or branch) or
the wood section, i.e., the distance from the center of the stem.
The first tool developed was therefore the measurement of the

charcoal-pith distance [review in Dufraisse et al. (2020)], which
consists in repositioning the charcoal fragment in relation to the
missing center of the stem, allowing us to better analyze tree-ring
widths. This parameter can also help to estimate the diameters
of the wood exploited with mathematical models, taking into
account charcoal fragmentation (Dufraisse, 2006).

The second tool deals with the sapwood-heartwood
distinction, tested on European temperate deciduous oaks
(Quercus robur/petraea). As the heartwood of this taxon is
formed around 21 % 18 years according to Lambert (1996),
its presence or absence can be a valuable proxy to estimate the
age of the wood harvested (Dufraisse et al., 2018a). These two
parameters were tested on uncarbonized and carbonized wood to
evaluate margins of error, establish correction factors and define
discriminating thresholds (Garcia-Martinez and Dufraisse, 2012;
Blondel et al., 2018; Paradis-Grenouillet and Dufraisse, 2018).

A protocol for archeological applications was proposed
considering charcoal fragment size (from 2 mm transversal
section), number of charcoal fragments and charring effects,
such as shrinkage, which depends on the carbonization
temperature that varies with the archeological context. These
quantitative approaches have led to new developments based
on combining these dendro-anthracological parameters, now
quantified, and therefore on the possibility of mobilizing
current or past dendroecological growth models established
from current wood stands or archeological uncarbonized woods
(Dufraisse et al., 2018b).

An interpretative grid can therefore be established on
modern wood stands characterized by dendrochronology.
Dendrochronological data are then converted into dendro-
anthracological parameters (e.g., tree-ring width vs. age
transformed into mean tree-ring widths vs. charcoal-pith
distance), considering branches, trunks, and the whole tree
separately. First developed on deciduous oaks (Dufraisse et al.,
2018b), this approach was successfully extended to pines (Pinus
halepensis Miller and Pinus sylvestris L.) (Picornell-Gelabert et al.,
2020; Alcolea et al., 2021), in which branch shedding also occurs
by natural pruning, since tree-ring widths vs. pith-charcoal
distances in branches do not overlap with those in trunks.

TAMING TREES: IDENTIFICATION OF
PARTICULAR GROWTH PATTERNS

Trimming Practices and Identification of

Ancient Ecological Knowledge

The trimming practices of the trees are determined by
the uses to which the trees are put: timber, firewood
or fruit production, livestock feed. They also reflect the
know-how, tools and cutting techniques, uses and customs
of past societies. According to Bernard et al. (2007), the
tree is “a technical support for agroforestry practices, an
architectural element in the landscape that drives innovation
and adaptation [...].” These practices are of obvious interest
in understanding the development of wooded areas, whether
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they are systems built for gathering, crafts or for agro-sylvo-
pastoral activities. The identification of such practices contributes
more widely to the identification and conservation of ancient
ecological knowledge.

Many forest management strategies carried out in order to
guarantee or increase the availability of resources rely on the
natural ability of many tree species to regenerate when cut. To
create new shoots and attempt to increase wood and/or fruit
production, two main techniques exist: coppicing and pollarding.
Coppicing consists in cutting trees close to ground level to
promote vegetative propagation by stump shoots. Pollarding
consists in cutting back the tree crown in order to produce
a close head of shoots (high coppice or branch coppice).
Identifying such trees relies on an examination of particular
growth patterns.

While the search for particular growth patterns linked
to coppicing and pruning is relatively well developed in
dendroarchaeology (see for example Bleicher, 2014), very few
studies have been conducted in the field of anthracology.

Coppicing and Charcoal Analysis

Coppicing patterns are characterized by a particularly strong
juvenile growth in the first 5-10 years followed by a rapid
decline (Haneca et al., 2005; Girardclos et al., 2012). Similar

growth patterns are sometimes identifiable on charcoal fragments
but require the observation of a series of 5-15 rings (Deforce
and Haneca, 2015). However, wide rings around the pith
cannot always be considered as a fingerprint of coppice (Copini
et al., 2010), due to complex criteria such as age and size
of the root system (Salomon et al, 2013). To complement
this approach, a comparative study between sessile oak stump
sprouts and seedlings of the same age and dimensions was
undertaken to identify markers appropriate for anthracology and
dendroarchaeology (Girardclos et al., 2018). The study showed
that the combination of ring width, proportion of earlywood
and charcoal-pith distance can be effective on fragments with
less than 5 rings.

Pollarding

Only one study focusing on identifying anatomical markers of
tree fodder for ash (Fraxinus excelsior) (Haas and Schweingruber,
1993) and one on oak related to fuelwood and timber
harvesting (Bernard et al., 2007) exist. The last one showed
specific anatomical markers at a scale of 3-5 rings that repeat
cyclically during the tree’s life, reflecting cutting rotations. The
combination of the tree’s morphological characteristics and the
anatomical characteristics of the wood enable these signals to be
attributed to human activity (Bernard et al., 2007).
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In anthracology, only specific patterns at a scale of 3-5
rings are potentially recognizable. Indeed, “not all anatomical
elements of the ring react simultaneously” (Bernard et al., 2007),
which would allow the differentiation of leaf/branch removal
from simple narrow rings on charcoal fragments. Therefore, the
characterization of traumatic growth related to pollarding relies
on quantitative anatomy in earlywood and latewood; successive
narrow rings are not sufficient to characterize a pollarding signal.

THE DEVELOPMENT OF
ANTHRACO-ISOTOPY TO ASSESS PAST
CLIMATE

Recent Advances in §13C Applied to
Archeological Charcoal

The development of dendro-anthracology has made it possible
to describe wood gathering practices and woodland management
and to reconstruct past woody landscapes and assess human
impact. However, the main challenge is to disentangle the
explanatory factors, which can be anthropogenic (variations in
the degree of competition) and/or natural (climate change).
Stable carbon and oxygen isotopes have been used in
dendroclimatology to reconstruct past environments (Daux
et al,, 2018). In the field of anthracology, pioneer studies by
Jones and Chaloner (1991), February and Van der Merwe (1992),
and Vernet et al. (1996) revealed the potential of charcoal
carbon isotope compositions to reconstruct past environments,
notably paleo-precipitation. Ten years later, Ferrio et al. (2006)
proposed a methodological framework to constrain the effect
of carbonization and apply stable carbon isotopes to investigate
aridity changes.

Since then, archaeobotanical paleoenvironmental studies
using 3'3C values determined on wood charcoal fragments have
proliferated (review in Fiorentino et al., 2015). The only studies
combining dendro-anthracology and stable carbon isotopes were
carried out in Syria by Deckers (2016) and in France by Baton
et al. (2017). In Baton et al. (2017), we tested the relevance
of a seasonality index in a well-documented archeological
context: Al?’Cseasona.lity = 613Cearlywood - 813C1atewood- As we
showed in an experimental context that the carbonization is not
significantly different at the scale of a tree-ring (Baton, 2017),
this appears to be a promising climate indicator, independent of
carbonization intensities.

Charcoal Isotopes and the Effect of
Carbonization: A Sufficient
Methodological Framework?

Wood carbonization involves morphological, physical and
chemical modifications [review in Bird and Ascough (2012)].
While in dendro-isotopy, stable oxygen and carbon isotopes are
usually measured on wood cellulose, carbonization does not allow
the extraction of cellulose which disappears progressively with
increasing temperatures, leading to a progressive decrease in the
charcoal 13C content toward that of wood lignin (Jones and
Chaloner, 1991; Czimczik et al., 2002; Ferrio et al., 2006).

As the charcoal carbon content (%C) progressively increases
through carbonization, Ferrio et al. (2006) suggested correcting
the effect of charring on 3'*C by using this parameter.
However, such a correction may be questioned. First, it is
worth noting that %C does not evolve above 500°C (Ascough
et al, 2011), whereas domestic hearth fires typically reach
temperatures of 600-800°C (Cohen-Ofri et al, 2006), and
even higher for charcoal from burned timber (building fires,
Deldicque and Rouzaud, 2020). Second, this approach relies on
the hypothesis that %C is conserved through time, excluding
post-depositional oxidation that potentially yields (i) a higher
oxygen concentration in charcoals (Wiedner et al., 2015) and
(ii) a relative decrease in %C. Consequently, %C cannot be
applied indifferently in all archeological contexts as is currently
the case.

Current Limitations and Future
Challenges to Apply §'3C on
Archeological Charcoals

Besides potential issues related to the determination of
carbonization temperatures and/or the effect of post-depositional
processes described above, the use of 3!°C as a climatic proxy
also faces challenges related to wood anatomical parameters.
Recent studies in anthraco-isotopy are in most cases conducted
without taking into account the heartwood/sapwood, organ, and
age while 13C contents differ according to wood composition
(Loader et al., 2003) and organs (Leavitt and Long, 1986).

Charcoal sampling can also be considered as a limiting
factor. Up to fifteen fragments, each with several rings, per
stratigraphic level are often pooled to obtain an average signal,
possibly biasing climatic information by smoothing the 3'3C
variability recorded at the scale of each growth ring (see
e.g., Aguilera et al, 2009; Caracuta et al, 2016). In the
near future, investigating 3'°C at the scale of the individual
growth ring should be a way to recover a proper climatic
signal provided the carbonization degree and post-depositional
processes are constrained. However, comparison with dendro-
isotopy references is still not possible so that only relative values
can be considered. Given these current limitations, we suggest
combining §!*C with anthraco-typology to better constrain the
813C signal in archeological charcoal (Figure 2). This approach
aims (i) to avoid branch measurements whose 8'3C variations
are less controlled by climate than those of the trunk (Heaton,
1999), (ii) to analyze heartwood and sapwood separately as their
13C content may differ significantly (Baton et al., 2017), and (iii)
to combine tree-ring width (and latewood/earlywood width) and
carbon isotopes for past climate reconstructions.

DISCUSSION AND PERSPECTIVES

Beyond Botanical Identification:
Contribution of Dendro-Anthracology to

Characterize Wood Gathering Practices
Recent advances based on a systemic approach combining
quantitative tools, anthraco-typology, particular growth
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patterns and anthraco-isotopy, have pushed back the limits
of anthracology. This systemic approach applied to different
archeological contexts enables easy reading between dendro-
anthracological parameters (Dufraisse and Coubray, 2018;
Picornell-Gelabert et al., 2021). Interpretations of tree-
ring widths have been refined and hypotheses on the tree
organs used have been proposed. It also becomes possible
to characterize gathering practices, particularly when forms
of wood degradation are integrated (Moskal-del Hoyo et al.,
2010). Hypotheses related to social organization, technical
systems and subsistence modes can be suggested for Neolithic
societies (Coubray and Dufraisse, 2019). Beyond taxonomic
identification and dendro-anthracology, the use of diversity
indexes and biological/ecological traits of the identified
taxon, especially the use of “Ancient Forest Species,” allow
hypotheses on the physiognomy of the woodland in terms
of maturity, opening, or fragmentation (principles in Hermy
and Verheyen (2007); anthracological application in Dufraisse
(2014), Coubray and Dufraisse (2019). Subsequently, the state
of transformation of these social and humanized forests can be
better assessed.

Anthraco-Typology: Perspectives for

Future Paleoenvironmental Approaches

The anthraco-typological approach, which aims to be
collaborative and open access,' requires a specific methodological
adjustment for each new taxon in terms of both analysis protocol
and interpretation (for charcoal-pith distance, Dufraisse
et al., 2020). Anthraco-typology is also constrained by the
establishment of dendroecological growth models according
to taxa, regions and archeological questions. This dataset
allows the establishment of thresholds in tree-ring width,
heartwood/sapwood, and charcoal-pith distance. Based on
this reference data frame, the distinction between trunk
and branches becomes possible. While the principle of this
approach was validated on only a few taxa (Quercus, Pinus), the
reference dataset has now to be enlarged both on new taxa and
new wood stands.

When using wood charcoal, this distinction is the first
necessary step when considering paleoenvironmental studies
based on tree-ring width or isotopes. Thus, anthraco-typology
opens up new perspectives in terms of paleoenvironmental
analyses on charcoal, allowing the selection of the most
appropriate fragments, for example to investigate past
environmental conditions (e.g., by excluding fragments from
branches or the 1st years of a trees life) or for radiocarbon
dating to avoid old wood effects (selecting sapwood fragments).
Combined with anthraco-isotopy, it is possible to identify
potential explanatory factors, especially climatic ones,
to interpret woodland evolutions. Moreover, due to the
fragmented and incomplete nature of charcoal fragments,
combining tree-ring width and carbon isotopes might allow the
discrimination of specific growth patterns between climate and
human factors.

Uhttps://dendrac.mnhn.fr

The Question of Intentional Woodland
Management and Perspectives for

Anthropological Interpretations
While wood exploitation practices of past societies can be
described by wood studies (uncarbonized and charred), some
particular growth patterns suggest woodland management since
the Neolithic and even the Mesolithic period (Warren et al,
2014; Billard and Bernard, 2016). However, caution must be
applied to distinctions made between “opportunistic” collection
and “promotional strategies” (Zvelebil, 1994) such as “in-place
encouragement” (Smith, 2011), i.e., the distinction between
adventitious woodland management (natural regeneration) and
formally managed woodland management in the interpretation
of archeological material. It remains to be determined, therefore,
whether it is a question of using what nature offers (cut down
a tree, it grows back from the stump, the stump’s offshoots
are exploited) or of setting up a management system to create
an ecological niche within which humans are a decisive force
(Descola, 2015). Pollarding, which consists in adapting coppicing
in height to protect the leaves from livestock or to maintain a
tree whose bark is exploited, may be considered as a sign of
intentionally managed woodland (Coubray and Dufraisse, 2019).
The characterization of Holocene woodlands by anthracology,
until now essentially approached in terms of human and climate
impact, can be characterized from another point of view. The
tree is “socialized,” landscapes are shaped by human practices
and wood charcoal macro-remains constitute the archeological
record of these processes. The history of the forest itself is as much
about trees as about people. Addressing forest issues necessarily
involves an explanation of the human and social dimension of
forests. However, there are very few hypotheses for tracing wood
harvesting strategies to a higher level of technical, economic
or even ancient social function. For example, how should one
interpret individual wood collection organized by domestic unit
(Schlichtherle et al., 2010)? Was there a gendered division of
labor of wood collection as reported in many ethnographic
studies (Testard, 2014) and was it determined by the tools and
their prohibitions? These anthropological perspectives on forest
management have given rise to new approaches, in particular
ethnographical references (Zapata Pena et al., 2003; Dufraisse
et al., 2007; Picornell-Gelabert, 2020).

AUTHOR CONTRIBUTIONS

AD: conceptualization, methodology, modern reference data
curation, archeological data curation, writing - original draft
preparation, supervision, and DAO. SC: conceptualization,
methodology, archeological data curation, writing — original draft
preparation, supervision, and DAO. LP-G: modern reference data
curation, archeological data curation, writing - original draft
preparation, and DAO. MA: modern reference data curation,
archeological data curation, and proofreading. OG: methodology,
modern reference data curation, and proofreading. FD and T-TN:
isotopic development supervision, and proofreading. All authors
contributed to the article and approved the submitted version.

Frontiers in Ecology and Evolution | www.frontiersin.org

March 2022 | Volume 10 | Article 823968


https://dendrac.mnhn.fr
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

Dufraisse et al.

Woodlands as Resources for Understanding Past Societies

REFERENCES

Aguilera, M., Espinar, C., Ferrio, J. P., Pérez, G., and Voltas, J. (2009). A map
of autumn precipitation for the third millennium BP in the Eastern Iberian
Peninsula from charcoal carbon isotopes. J. Geochem. Explor. 102, 157-165.
doi: 10.1016/j.gexplo.2008.11.019

Alcolea, M., Dufraisse, A., Royo, M., Mazo, C., de Luis, M., Longares, L. A,
et al. (2021). Dendro-anthracological tools applied to Scots type pine forests
exploitation as fuel during the Mesolithic-Neolithic transition in the southern
central pre-Pyrenees (Spain). Quat. Int. 593-594, 332-345. doi: 10.1016/j.
quaint.2020.10.029

Ascough, P. L., Bird, M. I, Francis, S. M., and Lebl, T. (2011). Alkali extraction of
archaeological and geological charcoal: evidence for diagenetic degradation and
formation of humic acids. J. Archaeol. Sci. 38, 69-78. doi: 10.1016/j.jas.2010.
08.011

Asouti, E., and Austin, P. (2005). Reconstructing woodland vegetation and its
exploitation by past societies, based on the analysis and interpretation of
archaeological wood charcoal macro-remains. Environ. Archaeol. 10, 1-18. doi:
10.1179/env.2005.10.1.1

Baton, F. (2017). Effet de la Carbonisation Oxygénée sur le Signal Isotopique (8*>C)
du Bois: Vers Une Dendroclimatologie Isotopique sur Charbons Archéologiques.
Ph.D. Thesis. Paris: HAL Sorbonne Université.

Baton, F., Nguyen Tu, T. T., Derenne, S., Delorme, A., Delarue, F., and Dufraisse,
A.(2017). Tree-ring 813C of archeological charcoals as indicator of past climatic
seasonality. A case study from the Neolithic settlements of Lake Chalain (Jura,
France). Quat. Int. 457, 50-59. doi: 10.1016/j.quaint.2017.03.015

Bernard, V., Epaud, F., and Ledigol, Y. (2007). “Bois de haie, bois de bocage, bois
d’architecture,” in Bocages et Sociétés Espaces et territoires, eds D. Marguerie
and A. Antoine (Rennes: Presses Universitaires de Rennes), 213-230.

Billard, C., and Bernard, V. (2016). “Les barrages a poissons au Mésolithique.
Une économie de prédation ou de production?,” in Archéologie des Chasseurs-
Cueilleurs Maritimes: De la Fonction des Habitats a Lorganisation de Lespace
Littoral. Actes de la Séance de la Société Préhistorique Francaise de Rennes, 10-
11 avril 2014. = Archaeology of Maritime Hunter-Gatherers: From Settlement
Function to the Organization of the Coastal Zone Séances de la Société
Préhistorique Francaise, eds C. Dupont and G. Marchand (Paris: Soc. Préhist.
Francaise).

Bird, M. L, and Ascough, P. L. (2012). Isotopes in pyrogenic carbon: a review.
Organ. Geochem. 42, 1529-1539. doi: 10.1016/j.orggeochem.2010.09.005

Bleicher, N. (2014). Four levels of patterns in tree-rings: an archaeological approach
to dendroecology. Veget. Hist. Archaeobot. 23, 615-627. doi: 10.1007/s00334-
013-0410-6

Blondel, F., Cabanis, M., Girardclos, O., and Grenouillet-Paradis, S. (2018). Impact
of carbonization on growth rings: dating by dendrochronology experiments
on oak charcoals collected from archaeological sites. Quat. Int. 463, 268-281.
doi: 10.1016/j.quaint.2017.03.030

Bouchaud, C., Huchet, J.-B., Faucher, T., Redon, B., and Nots, C. (2021). Providing
fuel, building materials and food for gold exploitation in the Eastern Desert,
Egypt: multidisciplinary dataset of the ptolemaic site of Samut North (late 4th
¢. BCE). J. Archaeol. Sci. Rep. 35:102729. doi: 10.1016/j.jasrep.2020.102729

Caracuta, V., Weinstein-Evron, M., Yeshurun, R., Kaufman, D., Tsatskin, A., and
Boaretto, E. (2016). Charred wood remains in the natufian sequence of el-
Wad terrace (Israel): new insights into the climatic, environmental and cultural
changes at the end of the Pleistocene. Quat. Sci. Rev. 131, 20-32. doi: 10.1016/j.
quascirev.2015.10.034

Cohen-Ofri, 1., Weiner, L., Boaretto, E., Mintz, G., and Weiner, S. (2006). Modern
and fossil charcoal: aspects of structure and diagenesis. J. Archaeol. Sci. 33,
428-439. doi: 10.1016/j.jas.2005.08.008

Cook, E. R, and Kairiukstis, L. A. (1990). Methods of dendrochronology -
Applications in the environmental sciences. Environ. Int. 16:604. doi: 10.1016/
0160-4120(90)90039-9

Copini, P., Sass-Klaassen, U. G. W., and den Ouden, J. (2010). “Coppice
fingerprints in growth patterns of pedunculate oak,” in Proceedings of the
DENDROSYMPOSIUM 2009, April 16th — 19th 2009, October, Slovenia: TRACE
- Tree Rings in Archaeology, Climatology and Ecology, Vol. 8, eds T. Levanic,
J. Gricar, P. Hafner, R. Krajnc, S. Jagodic, H. Gértner, et al. (Potsdam: GFZ),
54-60.

Coubray, S., and Dufraisse, A. (2019). “De I'arbre 4 la forét domestiquée: pratiques
de gestion et systémes agroforestiers. Application de I'anthraco-typologie sur
des sites néolithiques du Nord de la France et du pourtour de I'arc alpin,” in
Proceedings of the Préhistoire de 'Europe du Nord-Ouest: Mobilités, Climats
et Identités Culturelles. XXVIIle Congrés Préhistorique de France (Amiens, 30
Mai-4 Juin 2016), (Paris: Société préhistorique frangaise), 139-159.

Czimezik, C. L, Preston, C. M., Schmidt, M. W. I, Werner, R. A., and Schulze,
E.-D. (2002). Effects of charring on mass, organic carbon, and stable carbon
isotope composition of wood. Organ. Geochem. 33, 1207-1223. doi: 10.1016/
S0146-6380(02)00137-7

Daux, V., Michelot-Antalik, A., Lavergne, A., Pierre, M., Stievenard, M., Bréda,
N., et al. (2018). Comparisons of the performance of 3'3C and §%0 of
Fagus sylvatica, Pinus sylvestris, and Quercus petraea in the record of past
climate variations. J. Geophys. Res. Biogeosci. 123, 1145-1160. doi: 10.1002/
2017]G004203

Deckers, K. (2016). Oak charcoal from northeastern Syria as proxy for vegetation,
land use and climate in the second half of the Holocene. Rev. Palaeobot. Palynol.
230, 22-36. doi: 10.1016/j.revpalbo.2016.03.001

Deforce, K., and Haneca, K. (2015). Tree-ring analysis of archaeological charcoal as
a tool to identify past woodland management: the case from a 14th century site
from Oudenaarde (Belgium). Quat. Int. 366, 70-80. doi: 10.1016/j.quaint.2014.
05.056

Deldicque, D., and Rouzaud, J.-N. (2020). Temperatures reached by the roof
structure of Notre-Dame de Paris in the fire of April 15th 2019 determined by
Raman paleothermometry. Compt. Rend. Géoscience 352, 7-18. doi: 10.5802/
crgeos.9

Descola, P. (2004). Le sauvage et le domestique. Communications 76, 17-39. doi:
10.3406/comm.2004.2157

Descola, P. (2015). Par-Dela Nature et Culture. Paris: Folio.

Dufraisse, A. (2006). “Charcoal anatomy potential, wood diameter and radial
growth,” in Charcoal Analysis: New Analytical Tools and Methods for
Archaeology: Papers from the Table-Ronde Held in Basel 2004 BAR international
series, ed. A. Dufraisse (Oxford: Archaeopress), 47-61. doi: 10.30861/
9781841719184

Dufraisse, A. (2012). “Firewood and woodland management in their social,
economic and ecological dimensions. New perspectives,” in Wood and
Charcoal: Evidence for Human and Natural History, Vol. Saguntum extra, eds
E. Badal, Y. Carrion, E. Grau, M. Garcia, and M. Ntinou (Valencia: University
of Valencia), 65-74.

Dufraisse, A. (2014). “Relation entre modes de collecte du bois de feu et état
du milieu forestier: essai d’application du principe du moindre effort,” in
Entre Archéologie et Ecologie, une Préhistoire de tous les Milieux. Mélanges
Offerts A Pierre Pétrequin (Annales Littéraires de I'Université de Franche-Comté,
928; série «Environnement, sociétés et Archéologie», 18), eds R.-M. Arbogast
and A. Greflier-Richard (Besangon: Presses universitaires de Franche-Comté),
493-504.

Dufraisse, A., and Coubray, S. (2018). De I'arbre a la forét domestiquée: apport de
I'anthraco-typologie. Les Nouvel. Archéol. 152, 1-18. doi: 10.4000/nda.4533
Dufraisse, A., and Garcia-Martinez, M.-S. (2011). Mesurer les diamétres du bois
de feu en anthracologie. Outils dendrométriques et interprétation des données.

Anthropobotanica 2, 1-18.

Dufraisse, A., and Leuzinger, U. (2009). La collecte du bois de feu dans le village
néolithique d’Arbon-Bleiche 3 (lac de Constance, Suisse): gestion du bois et
déterminismes. Bull. Soc Préhist. Fr. 106, 785-802. doi: 10.3406/bspf.2009.13895

Dufraisse, A., Bardin, J., Picornell-Gelabert, L., Coubray, S., Garcia-Martinez, M. S.,
Lemoine, M., et al. (2020). Pith location tool and wood diameter estimation:
validity and limits tested on seven taxa to approach the length of the missing
radius on archaeological wood and charcoal fragments. J. Archaeol. Sci. Rep.
29:102166. doi: 10.1016/j.jasrep.2019.102166

Dufraisse, A., Coubray, S., Girardclos, O., Dupin, A., and Lemoine, M.
(2018a). Contribution of tyloses quantification in earlywood oak vessels to
archaeological charcoal analyses: estimation of a minimum age and influences
of physiological and environmental factors. Quat. Int. 463, 250-257. doi: 10.
1016/j.quaint.2017.03.070

Dufraisse, A., Coubray, S., Girardclos, O., Nocus, N., Lemoine, M., Dupouey,
J.-L., et al. (2018b). Anthraco-typology as a key approach to past firewood
exploitation and woodland management reconstructions. Dendrological

Frontiers in Ecology and Evolution | www.frontiersin.org

March 2022 | Volume 10 | Article 823968


https://doi.org/10.1016/j.gexplo.2008.11.019
https://doi.org/10.1016/j.quaint.2020.10.029
https://doi.org/10.1016/j.quaint.2020.10.029
https://doi.org/10.1016/j.jas.2010.08.011
https://doi.org/10.1016/j.jas.2010.08.011
https://doi.org/10.1179/env.2005.10.1.1
https://doi.org/10.1179/env.2005.10.1.1
https://doi.org/10.1016/j.quaint.2017.03.015
https://doi.org/10.1016/j.orggeochem.2010.09.005
https://doi.org/10.1007/s00334-013-0410-6
https://doi.org/10.1007/s00334-013-0410-6
https://doi.org/10.1016/j.quaint.2017.03.030
https://doi.org/10.1016/j.jasrep.2020.102729
https://doi.org/10.1016/j.quascirev.2015.10.034
https://doi.org/10.1016/j.quascirev.2015.10.034
https://doi.org/10.1016/j.jas.2005.08.008
https://doi.org/10.1016/0160-4120(90)90039-9
https://doi.org/10.1016/0160-4120(90)90039-9
https://doi.org/10.1016/S0146-6380(02)00137-7
https://doi.org/10.1016/S0146-6380(02)00137-7
https://doi.org/10.1002/2017JG004203
https://doi.org/10.1002/2017JG004203
https://doi.org/10.1016/j.revpalbo.2016.03.001
https://doi.org/10.1016/j.quaint.2014.05.056
https://doi.org/10.1016/j.quaint.2014.05.056
https://doi.org/10.5802/crgeos.9
https://doi.org/10.5802/crgeos.9
https://doi.org/10.3406/comm.2004.2157
https://doi.org/10.3406/comm.2004.2157
https://doi.org/10.30861/9781841719184
https://doi.org/10.30861/9781841719184
https://doi.org/10.4000/nda.4533
https://doi.org/10.3406/bspf.2009.13895
https://doi.org/10.1016/j.jasrep.2019.102166
https://doi.org/10.1016/j.quaint.2017.03.070
https://doi.org/10.1016/j.quaint.2017.03.070
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

Dufraisse et al.

Woodlands as Resources for Understanding Past Societies

reference dataset modelling with dendro-anthracological tools. Quat. Int. 463,
232-249. doi: 10.1016/j.quaint.2017.03.065

Dufraisse, A., Pétrequin, P., and Pétrequin, A.-M. (2007). “La gestion du
bois de feu: un indicateur des contextes socio-écologiques. Approche
ethnoarchéologique dans les Hautes Terres de Papua (Nouvelle-Guinée
indonésienne),” in Proceedings of the Sociétés Néolithiques: Des Faits
Archéologiques aux Fonctionnements Socio-Economiques. Actes du 27e Colloque
Interrégional sur le Néolithique (Neuchdtel, 1 et 2 Octobre 2005) Cahiers
D’Archéologie Romande, ed. M. Besse (Lausanne: Cahiers d’archéologie
romande), 115-126.

February, E., and Van der Merwe, N. (1992). Stable carbon isotope ratios of wood
charcoal during the past 4000 years. South Afr. J. Sci. 88, 291-292.

Ferrio, J. P., Alonso, N., Lopez, J. B., Araus, J. L., and Voltas, J. (2006). Carbon
isotope composition of fossil charcoal reveals aridity changes in the NW
Mediterranean Basin: carbon isotopes in charcoal and paleoclimate. Global
Change Biol. 12, 1253-1266. doi: 10.1111/j.1365-2486.2006.01170.x

Fiorentino, G., Ferrio, J. P., Bogaard, A., Araus, J. L., and Riehl, S. (2015). Stable
isotopes in archaeobotanical research. Veget. Hist. Archaeobot. 24, 215-227.
doi: 10.1007/s00334-014-0492-9

Garcia-Martinez, M.-S., and Dufraisse, A. (2012). “Correction factors on
archaeological wood diameter estimation,” in Wood and Charcoal: Evidence for
Human and Natural History, Vol. Saguntum extra 13, eds E. Badal, Y. Carrion,
E. Grau, M. Garcia, and M. Ntinou (Valencia: University of Valencia), 283-290.

Girardclos, O., Billamboz, A., and Gassmann, P. (2012). “Abandoned Oak
coppice on both sides of the Jura Mountains: dendroecological growth
models highlighting woodland development and management in the past,
in Proceedings of the DENDROSYMPOSIUM 2011 May 11th - 14th, 2011 in
Orléans, France: TRACE Tree Rings in Archaeology, Climatology and Ecology,
Vol. Volume 10, eds H. Gértner, P. Rozenberg, P. Montes, O. Bertel, I. Heinrich,
and G. Helle (Potsdam: Deutsches GeoForschungsZentrum GFZ), 71-78.

Girardclos, O., Dufraisse, A., Dupouey, J.-L., Coubray, S., Ruelle, J., and Rathgeber,
C. B. K. (2018). Improving identification of coppiced and seeded trees in past
woodland management by comparing growth and wood anatomy of living
sessile oaks (Quercus petraea). Quat. Int. 463, 219-231. doi: 10.1016/j.quaint.
2017.04.015

Gonzélez-Insuasti, M. S., and Caballero, J. (2007). Managing plant resources: how
intensive can it be? Hum. Ecol. 35, 303-314. doi: 10.1007/s10745-006-9063-8

Haas, J. N., and Schweingruber, F. H. (1993). Wood anatomical evidence pollarding
ash stems the Valais. Dendrochronologia 11, 35-43.

Haneca, K., Van Acker, J., and Beeckman, H. (2005). Growth trends reveal the forest
structure during Roman and Medieval times in Western Europe: a comparison
between archaeological and actual oak ring series (Quercus robur and Quercus
petraea). Ann. For. Sci. 62, 797-805. doi: 10.1051/forest:2005085

Heaton, T. H. E. (1999). Spatial, species, and temporal variations in the!3C/!2C
Ratios of C3 plants: implications for palaecodiet studies. J. Archaeol. Sci. 26,
637-649. doi: 10.1006/jasc.1998.0381

Hermy, M., and Verheyen, K. (2007). Legacies of the past in the present-day forest
biodiversity: a review of past land-use effects on forest plant species composition
and diversity. Ecol. Res. 22, 361-371. doi: 10.1007/s11284-007-0354-3

Jones, T. P., and Chaloner, W. G. (1991). Fossil charcoal its recognition and
palaeoatmospheric significance. Palaeogeogr. Palaeoclimatol. Palaeoecol. 97,
39-50. doi: 10.1016/0031-0182(91)90180-y

Kabukcu, C. (2018). Identification of woodland management practices and tree
growth conditions in archaeological fuel waste remains: a case study from
the site of Catalhoyiik in central Anatolia, Turkey. Quat. Int. 463, 282-297.
doi: 10.1016/j.quaint.2017.03.017

Kialo, P. (2007). Anthropologie de la Forét: Populations Pové et Exploitants
Forestiers Frangais au Gabon. Paris: CHarmattan.

Lambert, G. (1996). “Recherche de signaux anthropiques dans les séries
dendrochronologiques du Moyen age. Exemple des séquences de Charavines-
Colletieres,” in Lhomme et la Nature au Moyen Age: Paléoenvironnement des
Sociétés Occidentales: Actes du Ve Congreés International Darchéologie Médiévale
tenu a Grenoble, France, 6-9 octobre 1993 (Société Durchéologie Médiévale)
Archéologie aujourd’hui, ed. M. Colardelle (Paris: Editions Errance), 143-152.

Leavitt, S. W., and Long, A. (1986). Stable-Carbon Isotope Variability in Tree
Foliage and Wood. Ecology 67, 1002-1010. doi: 10.2307/1939823

Limier, B., Ivorra, S., Bouby, L., Figueiral, I, Chabal, L., Cabanis, M., et al.
(2018). Documenting the history of the grapevine and viticulture: a quantitative

eco-anatomical perspective applied to modern and archaeological charcoal.
J. Archaeol. Sci. 100, 45-61. doi: 10.1016/j.jas.2018.10.001

Loader, N. J., Robertson, I., and McCarroll, D. (2003). Comparison of stable
carbon isotope ratios in the whole wood, cellulose and lignin of oak tree-rings.
Palaeogeogr. Palaeoclimatol. Palaeoecol. 196, 395-407. doi: 10.1016/S0031-
0182(03)00466-8

Ludemann, T., and Nelle, O. (2002). Die Wiilder am Schauinsland und ihre Nutzung
durch Bergbau und Kohlerei. Forstliche Versuchs- und Forschungsanstalt Baden-
Wiittemberg. Freiburg: Abteilung Botanik und Standortskunde.

Lundstrom-Baudais, K. (1997). “Les foyers et la forét au travers des charbons de
bois de Chalain 3,” in Les Sites Littoraux Néolithiques de Clairvaux-les-Lacs et
de Chalain (Jura). I1I, Chalain station 3, 3200-2900 av. ].-C, ed. P. Pétrequin
(Paris: Maison des Sciences de 'Homme. Archéologie et culture matérielle),
295-298.

Marguerie, D., and Hunot, J.-Y. (2007). Charcoal analysis and dendrology: data
from archaeological sites in north-western France. J. Archaeol. Sci. 34, 1417-
1433. doi: 10.1016/j.jas.2006.10.032

Marguerie, D., Bernard, V., Bégin, Y., and Terral, J.-F. (2010).
“Dendroanthracologie,;” in La Dendroécologie, Principes, Meéthodes et
Applications, eds S. Payette and L. Filion (Québec, QC: Presses de I'Université
Laval), 311-347.

Marston, J. M., Kovécik, P., and Schoop, U.-D. (2021). Environmental
reconstruction and wood use at Late Chalcolithic Camlibel Tarlasi, Turkey.
Quat. Int. 593-594, 178-194. doi: 10.1016/j.quaint.2020.08.055

Michon, G. (2015). Agriculteurs a Lombre des Foréts du Monde: Agroforesteries
Vernaculaires. Arles: Actes Sud. IRD éd.

Moskal-del Hoyo, M., Wachowiak, M., and Blanchette, R. A. (2010). Preservation
of fungi in archaeological charcoal. J. Archaeol. Sci. 37,2106-2116. doi: 10.1016/
j.j2s.2010.02.007

Mosquera-Losada, M. R., Moreno, G., Pardini, A., McAdam, J. H., Papanastasis,
V., Burgess, P. J., et al. (2012). “Past, Present and future of agroforestry systems
in Europe,” in Agroforestry — The Future of Global Land Use, eds P. K. R. Nair
and D. Garrity (Dordrecht: Springer Netherlands), 285-312. doi: 10.1007/978-
94-007-4676-3_16

Out, W. A, Baittinger, C., Cufar, K, Lopez-Bulté, O., Hinninen, K., and
Vermeeren, C. (2020). Identification of woodland management by analysis
of roundwood age and diameter: neolithic case studies. For. Ecol. Manag.
467:118136. doi: 10.1016/j.foreco.2020.118136

Paradis-Grenouillet, S., Allée, P., Vives, G. S., and Ploquin, A. (2015). Sustainable
management of metallurgical forest on Mont Lozére (France) during the
Early Middle Ages. Environ. Archaeol. 20, 168-183. doi: 10.1179/1749631414Y.
0000000050

Paradis-Grenouillet, S., and Dufraisse, A. (2018). Deciduous oak/chestnut:
differential shrinkage of wood during charcoalification? Preliminary
experimental results and implications for wood diameter study in anthracology.
Quat. Int. 463, 258-267. doi: 10.1016/j.quaint.2017.06.074

Paradis-Grenouillet, S., Dufraisse, A., and Allée, P. (2013). “Tree ring curvature
measures and wood diameter: comparison of different imaging techniques,”
in Proceedings of the Fourth International Meeting of Anthracology (Bruxelles,
septembre 2008), (BAR International Series 2486), ed. F. Damblon (Oxford:
Archaeopress).

Paschalis, N. (2003). Lespace Social Comme Lieu du Lien Social, Vol. 5. Esprit
Critique. Available online at: http://www.espritcritique.org

Payette, S., and Filion, L. (eds). (2010). La Dendroécologie: Principes, Méthodes et
Applications. Québec, QC: Presses de I'Université Laval.

Picornell-Gelabert, L. (2020). An archaeological approach to people-tree
interactions: the ethnoarchaeology of firewood procurement and consumption
among the Benga people of the island of Mandji (Corisco, Equatorial Guinea,
Central Africa). . Archaeol. Sci. Rep. 34:102591. doi: 10.1016/j.jasrep.2020.
102591

Picornell-Gelabert, L., Asouti, E., and Allué Marti, E. (2011). The ethnoarchaeology
of firewood management in the Fang villages of Equatorial Guinea, central
Africa: implications for the interpretation of wood fuel remains from
archaeological sites. J. Anthropol. Archaeol. 30, 375-384. doi: 10.1016/j.jaa.2011.
05.002

Picornell-Gelabert, L., Dufraisse, A., de Luis, M., and Carrion, Y. (2020).
Modelling dendro-anthracological parameters with dendrochronological
reference datasets: interrogating the applicability of anthraco-typology to assess

Frontiers in Ecology and Evolution | www.frontiersin.org

March 2022 | Volume 10 | Article 823968


https://doi.org/10.1016/j.quaint.2017.03.065
https://doi.org/10.1111/j.1365-2486.2006.01170.x
https://doi.org/10.1007/s00334-014-0492-9
https://doi.org/10.1016/j.quaint.2017.04.015
https://doi.org/10.1016/j.quaint.2017.04.015
https://doi.org/10.1007/s10745-006-9063-8
https://doi.org/10.1051/forest:2005085
https://doi.org/10.1006/jasc.1998.0381
https://doi.org/10.1007/s11284-007-0354-3
https://doi.org/10.1016/0031-0182(91)90180-y
https://doi.org/10.1016/j.quaint.2017.03.017
https://doi.org/10.2307/1939823
https://doi.org/10.1016/j.jas.2018.10.001
https://doi.org/10.1016/S0031-0182(03)00466-8
https://doi.org/10.1016/S0031-0182(03)00466-8
https://doi.org/10.1016/j.jas.2006.10.032
https://doi.org/10.1016/j.quaint.2020.08.055
https://doi.org/10.1016/j.jas.2010.02.007
https://doi.org/10.1016/j.jas.2010.02.007
https://doi.org/10.1007/978-94-007-4676-3_16
https://doi.org/10.1007/978-94-007-4676-3_16
https://doi.org/10.1016/j.foreco.2020.118136
https://doi.org/10.1179/1749631414Y.0000000050
https://doi.org/10.1179/1749631414Y.0000000050
https://doi.org/10.1016/j.quaint.2017.06.074
http://www.espritcritique.org
https://doi.org/10.1016/j.jasrep.2020.102591
https://doi.org/10.1016/j.jasrep.2020.102591
https://doi.org/10.1016/j.jaa.2011.05.002
https://doi.org/10.1016/j.jaa.2011.05.002
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

Dufraisse et al.

Woodlands as Resources for Understanding Past Societies

Aleppo pine (Pinus halepensis Miller) wood management from archaeological
charcoal fragments. J. Archaeol. Sci. 124:105265. doi: 10.1016/j.jas.2020.105265

Picornell-Gelabert, L., Servera-Vives, G., Carrion Marco, Y., Burjachs, F., Curras,
A, Llergo, Y., et al. (2021). Late Holocene Aleppo pine (Pinus halepensis
Miller) woodlands in Mallorca (Balearic Islands, Western Mediterranean):
investigation of their distribution and the role of human management based on
anthracological, dendro-anthracological and archaeopalynological data. Quat.
Int. 593-594, 346-363. doi: 10.1016/j.quaint.2020.11.006

Rondeusx, J. (1999). La Mesure des Arbres et des Peuplements Forestiers. Gembloux:
Les presses agronomiques de Gembloux.

Rostain, S. (2016). Amazonie: Un Jardin Sauvage ou Une forét Domestiquée: Essai
D’écologie Historique: Errance. Arles: Actes Sud.

Salomon, R., Valbuena-Carabana, M., Gil, L., and Gonzélez-Doncel, I. (2013).
Clonal structure influences stem growth in Quercus pyrenaica Willd. coppices:
bigger is less vigorous. For. Ecol. Manag. 296, 108-118. doi: 10.1016/j.foreco.
2013.02.011

Schlichtherle, H., Bleicher, N. K., Dufraisse, A., Kieselbach, P., Maier, U.,
Schmidt, E., et al. (2010). “Bad Buchau - Torwiesen II: baustrukturen und
siedlungsabfille als indizien der sozialstruktur und wirtschaftsweise einer
endneolithischen siedlung,” in Familie - Verwandtschaft - Sozialstrukturen:
Sozialarchdologische — Forschungen zu  Neolithischen — Befunden  Fokus
Jungsteinzeit, eds E. Claf3en, T. Doppler, and B. Ramminger (Kerpen-Loogh:
Welt und Erde), 157-178.

Schweingruber, F. H. (1996). Tree Rings and Environment Dendroecology. Berne: P.
Haupt.

Smith, B. D. (2011). General patterns of niche construction and the management of
“wild” plant and animal resources by small-scale pre-industrial societies. Philos.
Trans. R. Soc. B Lond. Biol. Sci. 366, 836-848. doi: 10.1098/rstb.2010.0253

Terral, J.-F., and Mengual, X. (1999). Reconstruction of Holocene climate in
southern France and eastern Spain using quantitative anatomy of olive wood
and archaeological charcoal. Palaeogeogr. Palaeoclimatol. Palaeoecol. 153, 71-
92. doi: 10.1016/s0031-0182(99)00079-6

Testard, A. (2012). Avant lhistoire: L'évolution des Sociétés, de Lascaux A Carnac.
Paris: Editions Gallimard.

Testard, A. (2014). Lamazone et la Cuisiniére: Anthropologie de la Division Sexuelle
du Travail. Paris: Gallimard.

Toriti, M., Durand, A., and Fohrer, F. (2021). Traces of Common Xylophagous
Insects in Wood: Atlas of Identification — Western Europe. Cham: Springer
International Publishing. doi: 10.1007/978-3-030-66391-9

Tyree, M. T., and Zimmermann, M. H. (2002). Xylem Structure and the Ascent of
Sap, 2e Edn. Berlin: Springer. doi: 10.1007/978-3-662-04931-0

Vernet, J.-L., Pachiaudi, C., Bazile, F., Durand, A., Fabre, L., Heinz, C., et al. (1996).
Le 3!3C de charbons de bois préhistoriques et historiques méditerranéens, de
35 000 BP a l'actuel. Premiers résulats. Compt. Rend. Acad. Sci. Géosci. 323,
319-324.

Warren, G., Davis, S., McClatchie, M., and Sands, R. (2014). The potential role of
humans in structuring the wooded landscapes of Mesolithic Ireland: a review
of data and discussion of approaches. Veget. Hist. Archaeobot. 23, 629-646.
doi: 10.1007/s00334-013-0417-z

Wiedner, K., Fischer, D., Walther, S., Criscuoli, L., Favilli, F., Nelle, O., et al. (2015).
Acceleration of biochar surface oxidation during composting? J. Agric. Food
Chem. 63, 3830-3837. doi: 10.1021/acs.jafc.5b00846

Zapata Pena, L., Pena-Chocarro, L., Ibanez Estevez, J. J., and Gonzalez Urquijo,
J. E. (2003). “Ethnoarchaeology in the Morocan Jebala (Western Riff): wood
and dung as fuel,” in Food, Fuel and Fields. Process in African Archaeobotany,
Kéln 2003 Africa Praehistorica 15, eds K. Neumann, A. Butler, and S. Kahlheber
(K6ln: Barth-Institut-Hendrik), 163-175.

Zvelebil, M. (1994). Plant use in the mesolithic and its role in the transition
to farming. Proc. Prehist. Soc. 60, 35-74. doi: 10.1017/S0079497X000
03388

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Dufraisse, Coubray, Picornell-Gelabert, Alcolea, Girardclos,
Delarue and Nguyen Tu. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Ecology and Evolution | www.frontiersin.org

10

March 2022 | Volume 10 | Article 823968


https://doi.org/10.1016/j.jas.2020.105265
https://doi.org/10.1016/j.quaint.2020.11.006
https://doi.org/10.1016/j.foreco.2013.02.011
https://doi.org/10.1016/j.foreco.2013.02.011
https://doi.org/10.1098/rstb.2010.0253
https://doi.org/10.1016/s0031-0182(99)00079-6
https://doi.org/10.1007/978-3-030-66391-9
https://doi.org/10.1007/978-3-662-04931-0
https://doi.org/10.1007/s00334-013-0417-z
https://doi.org/10.1021/acs.jafc.5b00846
https://doi.org/10.1017/S0079497X00003388
https://doi.org/10.1017/S0079497X00003388
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

	Taming Trees, Shaping Forests, and Managing Woodlands as Resources for Understanding Past Societies. Contributions and Current Limits of Dendro-Anthracology and Anthraco-Isotopy
	Rethinking What Wood Management Practices Can Tell Us About Past Societies
	Natural Wood Resources: An Underestimated Key for Studying Past Societies
	The Memory of the Tree and Charcoal Fragments: Tree-Ring Parameters

	Methodological Advances in Dendro-Anthracology
	Methodological Developments During the Last Two Decades
	From Practices to Paleoenvironmental Reconstruction: Dendro-Anthracological Applications and Current Limitations
	Example of a Quantitative Dendro-Anthracological Approach to Taxa Growing in Western European: Anthraco-Typology

	Taming Trees: Identification of Particular Growth Patterns
	Trimming Practices and Identification of Ancient Ecological Knowledge
	Coppicing and Charcoal Analysis
	Pollarding

	The Development of Anthraco-Isotopy to Assess Past Climate
	Recent Advances in 13C Applied to Archeological Charcoal
	Charcoal Isotopes and the Effect of Carbonization: A Sufficient Methodological Framework?
	Current Limitations and Future Challenges to Apply 13C on Archeological Charcoals

	Discussion and Perspectives
	Beyond Botanical Identification: Contribution of Dendro-Anthracology to Characterize Wood Gathering Practices
	Anthraco-Typology: Perspectives for Future Paleoenvironmental Approaches
	The Question of Intentional Woodland Management and Perspectives for Anthropological Interpretations

	Author Contributions
	References


