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Key Points

• Wood remains from archaeological excavations serve as proxies for the reconstruction of the ancient woody landscape, and
enable a broader understanding of the uses of wood (mainly fuel, but also for construction and the preparation of tools and
other items), the spread of horticulture, long-distance trade and more.

• Charred wood is the most common type of wood macroremain in many archaeological excavations; however, remains of
woody plants can also be recovered in a dry or waterlogged form.

• Wood remains are microscopically identified based on their anatomical structure. Determinations are based on features
such as presence/absence of growth rings, size and arrangement of vessels, presence/absence of resin ducts, size and
arrangement of rays and fibers, presence/absence of storied structures, etc.

• In order to achieve a reliable examination of the anatomical structure (up to the species level), the wood or charcoal sample
should usually not be smaller than 0.5 cm3.

Glossary
Anthracology The archaeobotanical discipline devoted to the study of charred wood remains recovered from archaeological
sites
Dendroarchaeology The study of wood remains and artifacts from historical and archaeological records based on the
anatomical features and techno-morphological characteristics of wood
Dendrochronology A dating method based on the counting and measuring of tree rings. It can also provide data about many
issues related to the ancient environment and human activity
Wood remains taphonomy The study of the processes that have affected a given specimen from the growth of the living tree
(pre-taphonomical alterations) up to archaeological recovery. The wood may be affected by decay (biological agents),
combustion (anthropogenic agents), and postdepositional processes (natural agents and human activity)
Xylology The study of uncharred wood remains from archaeological contexts
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Abstract

The identification and interpretation of wood remains from archaeological contexts is a well-established discipline with its
own theoretical principles and methodologies within the research fields of archaeobotany, environmental archaeology and
palaeoecology. Wood was an essential material in the ancient world, as it was used for virtually all aspects of daily life
(including fuel, construction and artifact manufacturing) while simultaneously being symbolically charged and at times even
serving as a status marker. In this entry, we describe the biological and technical aspects of the identification of archaeological
wood remains (mainly charred, dry, and waterlogged) based on their anatomical structure. Methods for field sampling,
microscopic analysis and data interpretation are also discussed.

Introduction

The well-established discipline of identifying and interpreting archaeological wood remains, sometimes referred to as dendroarch-
aeology, will be summarized in this entry. Archaeological sediments are usually rich in woody plant macroremains, found either in
a charred, dry, or waterlogged form. While dry wood fragments are mainly preserved in archaeological sites located in both hot and
frozen arid and semi-arid environments, waterlogged wood is chiefly collected from submerged sites. Charcoal is very common in
all types of archaeological sites and environments, and fragments of charred wood are often the most abundant macroremain recov-
ered by flotation, dry fine sieving, or picking (Pearsall, 2016: 144). The study of charcoal from an archaeological context is termed
anthracology.

The identification of assemblages of woody plants retrieved from archaeological sites provides information on the ancient land-
scape, palaeovegetation, and about the relationship and interactions between humans and their environment. It is considered as
a reliable proxy for reconstructing short- and long-term changes in local and regional vegetation, throughout human history and
associated climate changes (Neumann, 1989; Marguerie and Hunot, 2007). This is particularly true when paired with other palae-
obotanical proxies, mainly palynology (e.g., Roberts et al., 2018; Langgut et al., 2021a). Archaeological assemblages of woody
plants may also shed light on woodland management practices and deforestation processes (e.g., Kabukcu, 2018; Cavanagh
et al., 2022).

The discipline also provides important palaeoethnobotanical information regarding the utilization of wood for everyday use.
Evidence for the use of wood dates back to very early in human history. Plant remains identified on stone tools from Tanzania indi-
cate that wood (Acacia sp.) was likely already being used as a raw material nearly 2 million years ago (Dominguez-Rodrigo et al.,
2001). Wood has been used for firewood for at least several hundreds of thousands of years (e.g., Goren-Inbar et al., 2004). It was
also utilized for building and tool making (Meiggs, 1982; Gale and Cutler, 2000; Asouti and Austin, 2005; Kabukcu and Chabal,
2021), though in smaller amounts than firewood. For the purposes of these types of studies, we are guided by the basic assumption
that most firewood and timber were gathered locally, and thus, the types of wood used at a site often reflect the nearby natural and
cultivated environment as well as the site catchment area (Deckers et al., 2007; Lev-Yadun, 2007; Marguerie and Hunot, 2007). This
is based on the Principle of Least Effort (PLE), according to which resources, including timber, are gathered from the immediate
vicinity of the settlement or site, i.e., what is easiest to access and hence requiring the least effort to procure (Prior and Price-
Williams, 1985; Shackleton and Prins, 1992). The study of archaeological wood remains also helps to illuminate aspects of
long-distance trade, technology, social status, horticulture, rituals and more. The selection of wood species reflects the integrated
considerations of availability, ease of access, intended use, woody plant biological properties, type of occupation, economic factors,
as well as cultural preferences and prohibitions (Smith et al., 2015; Allué et al., 2017). Here we give an overview of the basic
methods for identifying woody plant remains and the types of archaeological knowledge that may emerge from such studies. In
addition to the discussion of the interpretation of data from various aspects (e.g., ecology, economy, and culture), we also review
some of the biases in the representation of the dendroarchaeological record.

The Archaeological Context

As with other disciplines within archaeology, it is of the utmost importance that wood/charcoal remains originate from secure
archaeological contexts in terms of stratigraphy and chronology. When the archaeological context is well-defined, then the
wood/charcoal assemblages can also further broaden our knowledge regarding the use of wood for specific purposes, such as indus-
trial fuel (e.g., Py et al., 2013), rituals (e.g., Dussol et al., 2016), horticulture (e.g., Langgut and Garfinkel, 2022), furniture produc-
tion (e.g., Mols, 2002), long-distance trade (Meiggs, 1982; Gale and Cutler, 2000) and social status (e.g., Roth et al., 2019).
Although the archaeological context is of great importance, in order to achieve the most accurate interpretation of the data, one
should always bear in mind that fuel used at a site for domestic and industrial purposes represents the accumulated remains of
not only wood collected specifically as fuel, but also “secondary” fuels, deriving from out-of-use worked wood, defunct timber,
horticultural refuse and deformed wooden items. This means that most wood brought to a site, regardless of its original use, would
have eventually been burned (Théry-Parisot et al., 2010; Gelabert et al., 2011). From a fuel use perspective, primary depositional
contexts such as hearths and fire pits are likely to reflect the remains of their last episode of use, thus providing a unique glimpse into
fuel use practices and also holding great potential for understanding the different combinations of fuel types used. On the other
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hand, deposits accumulated in the long term (e.g., middens, building infills and other contexts containing dispersed charcoal scat-
ters) are likely to contain charred fuel refuse derived from multiple episodes of discard (Chabal, 1992; Langgut et al., 2021b).

In general, unlike pollen or seeds that may be easily introduced into the archaeological record by chance because of their small
size and high mobility, wood is not blown in the wind, does not stick to animal fur, is not borne in large chunks within animal
dung, and does not roll into sediments. Therefore, overall, wood remains may represent intentional human activity more than
various other types of plant remains. In many cases, specific types of wood were deliberately brought into archaeological sites
because of their suitability for certain uses, but primarily as a fuel source. Hunter-gatherer communities used fuel wood for cooking
and heating, smoking meat and fish, protection against predators and biting insects, and heat treatment of raw lithic material in
order to improve it. Since the Neolithic revolution and through historical periods, the demand for wood intensified dramatically
due to the rise in settled areas, and therefore the increasing requirements for timber for construction. Suitable wood fuel was also
required for the preparation of lime, pottery, metal, glass, gunpowder, etc.

Types of Archaeological Wood Remains

Wood is a composite material with a hierarchical structure that is principally comprised of three polymers: cellulose, hemicellulose
and lignin. When a tree dies, the wood decays under conditions wherein sufficient water and oxygen allow decay organisms to
metabolize the chemical constituents; alternatively, lacking either of these components in the depositional or archaeological
context, fungal decay does not occur (Broda and Hill, 2021). Wood remains are found in archaeological excavations mainly in three
basic states of preservation that allow identification: (1) charred, (2) dry, and (3) waterlogged. Some charred and non-charred wood
remains may also become fossilized in carbonate sediments, especially in prehistoric caves with karstic activity. In all cases, the
anatomical structure of wood is generally preserved, enabling identification. Sometimes geological conditions and the site’s taph-
onomic processes can produce pressure that twists and deforms the wood, making identification difficult (at times limiting it to the
level of genus or family), or even impossible. Biological degradation of dry and waterlogged wood by bacteria and fungi is well
known at the biological, chemical and structural levels (e.g., Björdal and Nilsson, 2008, and citations therein). The degree of degra-
dation may significantly influence the taxonomic level of identification and its reliability. In some cases, biodeterioration can be
observed, providing evidence of alteration of the wood structure by previous microbial attack or the presence of different xyloph-
agous organisms (Théry-Parisot, 2001; Moskal-del Hoyo, 2013).

Charred wood is the most common type of wood remain in many archaeological excavations. Charcoal may be preserved as
whole logs or in large chunks, but usually appears as small fragments ranging in size from a few millimeters to several centimeters.
Charred specimens often maintain their microscopic structure, enabling their identification (Fig. 1). Yet, by 1200 �C, charcoal
produced under oxygen-poor conditions is undeterminable (Braadbaart and Poole, 2008). The charcoals may be hard, and thus
easy to handle, or they may turn into dust when touched, or disintegrate under the electronic beam if examined under a scanning
electron microscope (SEM). The physical-chemical basis for charcoal preservation and diagenesis in archaeological sediments (e.g.,
Weiner, 2010) is only partly understood, and the level of physics and chemistry needed to study these processes is usually beyond
that mastered by archaeobotanists.

Dry wood is usually found in ancient buildingsdas part of the structure itself or as remains of furniture or equipmentdor it may
be uncovered in archaeological sites in arid and semi-arid hot or cold deserts. Under dry conditions, the structure of the wood is
often perfectly preserved, appearing no differently than fresh material and enabling easy identification through microscopic exam-
ination. Moreover, some species of dry wood may be identified to at least the genus level through non-microscopic means, such as
scent (genera such as Cedrus, Pinus, Cupressus, and Juniperusdand probably many othersdemit a typical odor when cut) or heart-
wood color. In many cases, woody plant remains originating from stratified archaeological deposits in arid lands may represent the
only reliable source of palaeoenvironmental information in the absence of well-preserved pollen records with an adequate temporal
and spatial resolution (Asouti and Hather, 2001; Shen et al., 2018).

Waterlogged wood refers to wood samples whose poresdincluding capillaries and microcapillariesdhave been entirely
filled with water. At submerged archaeological sites, located under waterlogged conditions (marine, river, lake and swamp)
where oxygen levels are low, wood can survive for thousands of years. Though water-logging and anoxic conditions are able
to prevent fungal metabolism, bacterial attack and chemical degradation can still occur, leading to a loss of strength and
structural integrity of the specimen (Broda and Hill, 2021). Waterlogged wood and wooden artifacts can also be recovered
at terrestrial archaeological sites that encompass installations related to water use such as pools, wells, tunnels, and water
reservoirs.

In rare instances, the microscopic structure of wood may be preserved via the corrosion of metals that came in direct
contact with the wood, such as in the case of iron nails used for construction or objects that incorporate both wood and
metal in their design (such as knives, agricultural tools, or guns). The metal toxicity prevents bacterial activities typically
responsible for wood decay from taking place along the thin area of contact between the wood and metal, and though the
chemical composition of the wood as an organic material no longer remains, having been replaced with the metal ions
through a diffusion process, the woody structure itself can be well preserved, providing an identification (e.g., Ashkenazi
et al., 2016).

676 Archaeobotany: Wood and Charcoal Remains

Encyclopedia of Archaeology, Second Edition, 2024, 674–686

Author's personal copy



Overview

The Anatomical Basis for Wood Identification

There are several types of primary and secondary wood one must be familiar with in order to practice wood identification. Woody
vascular land plants are comprised of three large groups, commonly known as ferns, gymnosperms and angiosperms. Woody ferns
are very uncommon, and will therefore not be discussed here. Gymnosperms are a group of ca. 1000 species of flowerless trees and
shrubs that usually reproduce via seeds formed in cones. These conifers (e.g., pines, firs, junipers, cypresses) are the most common
gymnosperm type and are a very important component of archaeobotanical assemblages at many sites. Angiosperms are comprised
of two large taxa: monocotyledons and dicotyledons (broadleaves). In general, woody monocotyledons, even if tree-sized (e.g.,
palms, bamboo), have only primary wood composed of vascular bundles that include primary xylem and phloem surrounded
by fibers and embedded in a tissue made of parenchyma cells (Fig. 1A). In rare instances, certain monocotyledons (e.g., Aloe,
Dracaena) produce a special type of secondary wood (Philipson et al., 1971). All gymnosperms and practically all dicotyledons
(including small annuals) have secondary wood. Secondary wood is a three-dimensional tissue, and its structure is systematically
described by viewing three planes: cross-section (transverse section), longitudinal tangential section, and longitudinal radial
section. The description of the tissues observed along these three planes allows the characterization and identification of the
wood. For an experienced scientist, and for certain taxa with unique anatomical features, one or two planes may be sufficient
for identification (Fig. 1). To obtain a full and reliable description of the anatomical structure, the wood or charcoal sample should
usually not be smaller than 0.5 cm3. The fact that in many regions there are only several species bearing certain characteristics allows
for identification even if not all anatomical features can be determined. This helpful limitation may be applied to a specific region
mainly prior to the beginning of long-distance trade.

Both conifers and dicotyledons have a lateral meristematic tissuedthe vascular cambiumdwhich produces secondary xylem
and phloem. In many cases, the secondary xylem (wood) has annual or non-annual (false) growth-rings. These growth-rings are
the biological foundation of tree-ring studies, known as dendrochronology (e.g., Schweingruber, 1996). The wood of dicotyledons
as seen in cross sections may belong to several general types (Fig. 1E and I–L): (1) ring-porous wood, wherein large vessel members
are formed at the beginning of the growth-ring with significantly smaller or no vessel members formed later; (2) semi-ring porous
wood, where large vessel members are formed at the beginning of the growth-ring and gradually become smaller later in the season;
(3) diffuse porous wood, in which vessel members of the same size class are distributed evenly throughout the growth-ring; (4)
wood with included phloem; and (5) wood with no clear annual or non-annual growth-rings. There are various subtypes and
combinations of these structures in many local floras and sometimes even in a single wood specimen. The estimates of the
minimum diameter of wood (Dufraisse, 2006) may provide information regarding woodland management (Dufraisse, 2008;
Marguerie and Hunot, 2007; Out et al., 2013).

The growth-ring curvature estimation criteria advocated by Marguerie (1991) classify growth rings into three groups: weakly
curved growth rings, moderately curved growth rings and strongly curved growth rings. The definition of curvature classes is based
on the observation that small branches and twigs, as well as the centers of trunks and thick branches, have strongly curved growth
rings, while the outer parts of moderately large stems and branches have moderately curved growth rings, and the outer parts of large
mature stems and very thick branches are characterized by weakly curved growth-rings. This method for the assessment of wood
diameter has been criticized by some scholars since curvature degree determination is done based on an arbitrarily set of classifi-
cations and can be misleading in specimens with abnormally narrow growth rings (see discussion in Paradis-Grenouillet et al.,
2013), and in certain types of wounded tissues or in trunks and branches expressing strong asymmetric growth. Another method
for estimating the minimum wood diameter range is termed “the trigonometric tool of radius calculation” (Paradis-Grenouillet
et al., 2013). The documentation of morphometric records is often termed dendrology.

The typical taxa with secondary xylem (gymnosperms and dicotyledons) have two well-defined components in their wood: (1)
the axial, and (2) the radial system, known as the vascular (or medullary) rays. The axial system composes on average about 90% of
the wood in conifers, and ca. 75–80% on average in dicotyledons (Lev-Yadun and Aloni, 1995). In conifers, the axial system is
dominated by tracheids, long and tapered lignified xylem cells that are dead at functional maturity and contain no remaining
DNA. When these tracheids have a broad lumen, a type usually produced at the beginning of the growth season (known as early-
wood), they serve mostly in water transport, while toward the end of the season, the tracheids have a smaller lumen (known as
latewood) and function mostly in mechanical support (Fig. 2) (Fahn, 1990). Early- and latewood tracheids may not be the sole
component of the axial system in conifers; many conifers, in addition to their axial tracheids, have axial resin ducts that produce
resin. In certain conifers (e.g., the ca. 110 species of the genus Pinus and other members of the Pinaceae) resin ducts are formed
constitutively (Fig. 1C and D), but these and many other taxa that produce no constitutive axial resin ducts in the wood (e.g., Ced-
rus) may produce additional traumatic resin ducts after wounding (Fahn, 1979). Members of the genera Cupressus and Juniperus have
no resin ducts in the secondary wood (Fig. 1B) and have resin ducts only in the bark, leaves, and reproductive structures. In dicot-
yledons, the axial system includes the water-transporting elements (tracheids and vessel members), the mechanically supporting
fiber cells and a parenchymatous component that serves a major function in storage and wound healing (Fig. 1M; Fahn, 1990).
In certain dicotyledon taxa, axial gum ducts (and tyloses; the equivalent of resin ducts in conifers) are formed (Fig. 1H and I;
Fahn, 1979). Again, wounding may increase the number of gum ducts in dicotyledons similarly to resin ducts in conifers. In certain
taxa, including annuals, shrubs and small trees of the Chenopodiaceae (e.g., Suaeda sp., Haloxylon sp.), islands of axial secondary
phloem (known as included phloem) are typically formed within the secondary xylem (Fahn et al., 1986).
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Fig. 1 The anatomical structure of charcoal remains collected from archaeological excavations in Israel. (A) A transverse section of the
monocotyledonous stem of Phoenix dactylifera, showing a typical vascular bundle (vb) structure and absence of rays, scale ¼ 300 mm (Iron Age,
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The radial system (the vascular rays) is usually composed of parenchyma, although other cell types such as tracheids, resin and
gum ducts, radial phloem and radial fibers may infrequently be found in the rays (Lev-Yadun and Aloni, 1995). The specific char-
acteristics of the rays are: (1) height in cell number, (2) width in cell number (Fig. 3), (3) presence or absence of radial resin or gum
ducts, (4) having cells of only the same size, and if not, their size variation, (5) presence or absence of radial components such as
tracheids, fibers, and phloem, and (6) being of two size categories (large and small), for instance in oaks (Fig. 1J). Some woody
dicotyledons either never have rays in their secondary wood throughout their life, or form rays only after attaining a certain thick-
ness, such as in Suaeda monoica (Lev-Yadun and Aloni, 1995). In all conifers, the living parenchyma cells of the rays are a good
potential source of ancient DNA.

Fig. 2 A cross section in the wood of Pinus halepensis showing light-colored early wood and darker late wood. Leitz Dialux 20 microscope. Length
of section 1.7 mm. Photo Simcha Lev-Yadun.

=
Timna); (B) Transverse section of Juniperus phoenicea, showing narrow growth rings, exemplifying the vessel-less ligneous structure characteristic of
gymnosperms, scale ¼ 200 mm (Iron Age, Timna); (C) Tangential longitudinal section of Pinus halepensis, showing rays (here averaging ca. 9–10 cells in
height), two of which contain radial resin ducts (re); scale ¼ 200 mm (Roman period, Jerusalem; image by Helena Roth); (D) Transverse section of Pinus
halepensis, vessel-less like other gymnosperms but displaying several axial resin ducts (re), scale ¼ 500 mm (Late Bronze Age, Tel Azekah); (E) Transverse
section of Olea europaea, showing diffuse porosity of the vessels, which are typically arranged in short radial rows along with confluent vasicentric
parenchyma, scale ¼ 200 mm (Chalcolithic, Tel Tsaf); (F) Radial longitudinal section of Olea europaea, showing rays arranged with procumbent central
cells and multiple rows of square-to-upright marginal cells, scale ¼ 100 mm (Chalcolithic, Tel Tsaf); (G) Tangential longitudinal section of Olea europaea,
(from a young branch) showing 1–2 cell wide rays, some of which have multiseriate portions as wide as uniseriate portions, scale ¼ 100 mm (Chalcolithic,
Tel Tsaf); (H) Tangential longitudinal section of Pistacia atlantica, showing 3–5 cell-wide rays, and vessels with tyloses and spiral (sp) secondary cell wall
thickenings, scale ¼ 100 mm (Iron age, Tel Azekah); (I) Transverse section of Pistacia atlantica, showing dendritic, semi-ring-porous vessel distribution
and abundant tyloses (t) inside the vessels, particularly the larger ones at the start of the growth ring, scale ¼ 200 mm (Iron age, Tel Azekah); (J)
Transverse section of Quercus boissieri, displaying ring-porous vessel distribution, apotracheal parenchyma, and rays of two distinct sizes, very large
(R) and uniseriate (r), scale ¼ 500 mm (Late Bronze Age, Tel Azekah); (K) Transverse section of Fraxinus syriaca showing ring-porous vessel distribution,
in which larger vessels are found in the early wood, close to the ring boundary (rb), while in the latewood smaller vessels develop, scale ¼ 100 mm
(Epipaleolithic, Jordan River Dureijat); (L) Transverse section of Salix/Populus sp., in this case with diffuse-porous vessel distribution, note these two
genera are sometimes difficult to differentiate; however, in Populus, the rays are commonly homocellular, and in Salix, they are usually
heterocellular, scale ¼ 200 mm (Chalcolithic, Tel Tsaf); (M) Transverse section of Acacia sp., showing wide axial parenchyma bands (p), lozenge-aliform
paratracheal (pa) parenchyma, and thick fibers (F), scale ¼ 200 mm (Iron Age, Timna). Unless otherwise indicated, images were taken by M. Cavanagh
using a Tescan VEGA3 LMH scanning electron microscope.
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Variations in Wood Anatomy Related to Age and Position in the Plant

The general description of the secondary wood structure given above is only the basic one. Considerable and even dramatic changes
in wood structure occur following naturally occurring internal changes with both age and size, with position within the plant, and as
a response to biotic and abiotic external factors. Only a few atlases and electronic databases of wood anatomy used for wood iden-
tification describe or discuss in detail these issues (e.g., Zibulski and Schweingruber, 2018 for twigs, Heather, 2017 dedicated to
roots). Roots may differ considerably in structure from stems or branches. Cell size in roots is usually larger than that of trunks
of the same diameter. Intra-annual (false) growth rings formed in the trunk may in various cases not be produced in roots. While
in roots the cells are larger than in trunks, cell size in branches is generally smaller than the corresponding cells produced at the same
time in the trunk.

A general trend in cell size occurs in the wood of all plants with cambial activity and secondary growth. The trend is of increasing
tracheid, vessel member, fiber and ray size in two axes: the size increases (1) basipetal from the apex to the base of the trunk, and (2)
along the radius, from the pith toward the outer layers of the wood (see Mencuccini et al., 2007). This is called the “length-on-age
trend” and it must be taken into consideration in many studies of wood anatomy, including those of wood from archaeological
excavations. A special and common example of this general anatomical trend is juvenile wood. Juvenile wood, or wood formed
in the center of trunks (when they were young and thin, including in the upper parts of mature large trees), in young branches,
or in young roots, differs in structure frommature trunk, branch, or root wood, respectively. Juvenile wood has mainly been studied
from the perspective of wood as rawmaterial for the paper industry and timber with respect to its lower quality (Zobel and Sprague,
1998). Descriptions of the anatomical characteristics of juvenile wood with respect to the identification of archaeological material
are not very common. It is probable that many archaeobotanists are not aware of the dramatic effects of juvenility on the structure of
many woody plants. For instance, inMelia azedarach, the rays in the juvenile wood near the pith are 1–2 cells wide, while in mature
wood, only a few centimeters outward along the radius, the rays are 5–6 cells wide, resulting in a completely different anatomy (Lev-
Yadun and Aloni, 1995). Using anatomical keysdwhich are almost always constructed only for mature wooddwithout knowing
this fact may result in an incorrect identification or in no identification at all.

In all plants known to regularly produce secondary wood (ferns, conifers and dicotyledons) there are changes in wood structure
at branch junctions where the tissues have circular patterns (e.g., Lev-Yadun and Aloni, 1990) (Fig. 4).

In dry wood, and also in some samples of waterlogged wood of mature trees, a specific wood character is sometimes found. It is
known as heartwood, distinguishing it from sapwood. Heartwood is a dead tissue mostly serving as mechanical support after it
ceased to take part in water transport and in storage, whereas the sapwood is alive and physiologically active. The heartwood, which
is commonly darker than the sapwood (Hillis, 1987), always occupies the inner (central) parts of the wood with thick trunks and

Fig. 3 A tangential longitudinal section in the secondary wood of Ailanthus altissima. Such sections allow measuring the height and width of rays
and identifying radial resin or gum ducts when they are formed. Leitz Dialux 20 microscope. Length of section 1.7 mm. Photo Simcha Lev-Yadun.
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branches, while the sapwood is found in the outer, more recently formed parts of the wood. A well-known case is the Diospyros
(ebony) wood used in Africa for sculptures, in which the heartwood is black, while the sapwood is yellowish. In the Near East,
one such wood with dark (purple) heartwood is Juniperus phoenicea; very clear differences between its dark heartwood and light-
colored sapwood were found in the wood remains from Masada (Liphschitz and Lev-Yadun, 1989). With the increase in girth
and age of trunks, the proportion of heartwood increases. In mature trees, such as over 100 years in age, most of the trunk is usually
composed of heartwood, while the number of live growth rings that compose the sapwood is usually only 10–30 (Baillie, 1982).
Heartwood is less susceptible to attack by insects and fungi than sapwood because the heartwood cells are dead (with bearings on
ancient DNA studies due to the loss of DNA in the dead cells) and are usually impregnated with defensive secondary metabolites.
Ancient carpenters and builders knew this property, and, in many cases, removed the insect-susceptible sapwood when handling
timber.

Hunter-gatherer communities relied mainly upon the collection of fallen dead wood rather than obtaining live wood (Asouti
and Austin, 2005). The ability to identify dead or rotten wood archaeologically allows for the elaboration of wood-obtaining strat-
egies and fuel-related activities (e.g., Scheel-Ybert, 2001). In their ethnographic study of fuel use, Henry and Théry-Parisot (2014)
documented morphological differences between charred healthy, dead, and rotten Pinus sylvestris wood, allowing for hearth or site
function to be evaluated. Wood remains-related taphonomy processes may also provide further evidence about the study of fuel
(Théry-Parisot et al., 2010; Henry and Théry-Parisot, 2014).

Traumatic Tissues

A common case of wood that differs from the normal structure is traumatic wood. Traumas that directly change the structure of
wood or the balance of regulatory factors that induce further variant anatomical development may be of both biotic or abiotic
origins. Common traumatic factors are fire, snow, wind storms, landslides, floods, earthquakes, volcanic activity, insect and large
herbivore activity, andmany types of human activities including logging, pruning, pollarding, resin tapping, and chemical pollution
(of soil, water and air). Several monographs give a fuller description of traumatic wood (listed in the section: Further Reading).
Traumatic tissues in many conifers are characterized by traumatic resin ducts (Fig. 5). Cedrus libani produces rows of traumatic resin
ducts when wounded (Fahn et al., 1979), and Pinus halepensis forms additional resin ducts (e.g., Lev-Yadun, 2000). The many types
of anatomical changes in wood induced by traumas may present difficulties in the identification of certain specimens of archaeo-
logical wood remains. However, traumatic tissues may be used with or without the combination of dendrochronology to give infor-
mation on various environmental changes and human activities (Schweingruber et al., 2007).

Fig. 4 Spiral wood typical for branch junctions and wound healing in the trunk of Quercus ithaburensis. Photo Simcha Lev-Yadun.
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Key Issues

Field and Laboratory Methods

Sampling Wood From Archaeological Contexts
There are several methods of extraction of wood samples from archaeological sediments, buildings, or items. Small fragments can be
simply hand-picked during excavation. Dry and wet sieving of excavated sediments are other very common methods. In order to
avoid biases related to fragment size, it is recommended to use different mesh sizes (e.g., 2, 3, or 4 mm; Kabukcu and Chabal,
2021). Flotation in water tanks is done by putting the sediment into a container filled with water, a process that results in the
floating of light plant material (both charred and non-charred) (Pearsall, 2016: 150). Furthermore, flotation also results in less
re-fragmentation of charcoal compared to manual wet-sieving (Chabal, 1989). Large wooden beams or installations may be
sampled by sawing, coring with a hollow borer, or by cutting off small samples. Delicate items in museums and exhibitions cannot
be sampled in a way that will visually damage them, so minute thin samples may be sliced off with a sharp razor blade, or otherwise
examined using non-destructive methods under medical imaging instruments. Waterlogged wood specimens must be stored fully in
water and immersed in watertight containers immediately after their exposure in order to avoid desiccation and tissue distortion. It
is highly recommended that waterlogged specimens be embedded in the same water that they originated from (e.g., seawater, lacus-
trine water etc.), prior to identification and further conservation activity.

Common Methods Used for Wood Identification
Several conventional techniques are used in studies of wood identification according to their anatomical features. Currently, in
order to examine charred wood, it is recommended that the specimen simply be snapped or cut with a sharp razor blade in order
to obtain fresh sections (Pearsall, 2016: 151). If the charcoals are too fragile, they should be embedded with an agent that infiltrates
air spaces, such as paraffin, and then sectioned with a rotary microtome. The basic technique used for dry and waterlogged wood is
also by preparing fresh hand sections with a sharp razor blade. The sections may be studied immediately, immersed in water, or
stained with various histological stains and mounted permanently on glass. Sections may be made with the aid of a sliding micro-
tome for dry wood (with softening of the wood by boiling in various solutions when necessary), or with the aid of a freezing device
for very soft waterlogged material. Sometimes a short process of oven-drying at 50 �C for waterlogged specimens may also be help-
ful. Material in sediments may be embedded with suitable resins and sectioned in situ (Goldberg et al., 1994). Sections from these
various preparation types are studied under regular light microscopes using bright-field or polarized illumination. When higher
magnification is required, SEM can be used. This allows for the observation of unique sub-cellular features such as fringed tori

Fig. 5 A cross section in the wounded wood of Pinus halepensis showing many traumatic resin ducts. Leitz Dialux 20 microscope. Length of
section 1.7 mm. Photo Simcha Lev-Yadun.
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in Cedrus libani, while also providing three-dimensional views of the tissues. In order to illuminate the use of wooden artifacts, it is
possible to examine traces on the wood, such as removal of branches, twigs, scars, striations, dispersions, and fractions. Occasion-
ally, 3D scanning is also helpful for identifying wooden artifacts (Roth et al., 2019).

Wood identification criteria have internationally accepted glossaries published by the International Association of Wood Anat-
omists (IAWA): “List of Microscopic Features for Hardwood Identification” (Wheeler et al., 1989), and “List of Microscopic Features
for Softwood Identification” (Richter et al., 2004). A critical electronic databasedthe largest of its kinddfor wood anatomy named
“Inside Wood” was also established by IAWA. There is an increasing number of atlases describing the wood anatomy of species that
may be found in archaeological excavations in many countries; some of which are listed at the subsection Further Reading. Refer-
ence collections composed of charred wood of recent plants, as well as thin sections of fresh wood mounted on microscope slides,
can also be very helpful. In addition to these comparative materials, wood samples, SEM pictures of wood, and photographs of
recent relevant (mostly local or regional) woody plants’ anatomical structures are established in various labs and are also relied
upon.

Interpreting the Data

When interpreting archaeological wood assemblages, it should be taken into consideration that the ratios of the taxa found do not
necessarily reflect their actual proportions in the past woody vegetation. Species availability and representation are affected by
several factors, among them: (1) the influence of differential wood combustion alongside ecological factors (e.g., the structure
of plant communities and species physiology); (2) the state of preservation, fragmentation, mass loss and taphonomical process
(for example, taxa characterized by relatively low wood density, such as Vitis, would be underrepresented in the dendroarchaeolog-
ical record); and (3) human preferencedwood was selected based on the ease of logging and related tasks, and therefore the archae-
ological assemblage is heavily influenced by human choices (i.e., wood collected as fuel for a metallurgical operation, versus timber
used for the preparation of types of furniture; Cavanagh et al., 2022; andMols, 2002, respectively). This means that the collection of
wood may relate to the knowledge of its physical properties (e.g., density) or to the selection of wood motivated by cultural and
traditional preferences (Marguerie and Hunot, 2007). Théry-Parisot (2001) has observed that fuel wood selection for particular
tasks tends to vary as much as the number of the communities described by ethnographic studies; i.e., species selection is not always
based on objective parameters. These possible biases in species representation can only be partly compensated by the application of
a strict sampling protocol both in the field and in the laboratory, i.e., by the identification of large assemblages from different
archaeological contexts (e.g., domestic, industrial, cultic). In the forested temperate and western Mediterranean Europe, 250–
400 fragments per stratigraphic unit is recommended (Chabal, 1992; Kabukcu and Chabal, 2021). Unfortunately, these criteria
cannot be easily applied to other regions around the world, such as the Near East, due to the smaller number of wood remains
typically encountered in many archaeological excavations. This includes also large stratified tells that were occupied for long
periods, and which were excavated on relatively large scales. One such example is Tel Megiddo, Israel, one of the most extensively
excavated sites in the region, which after more than 30 years of a meticulous collection of wood charcoals, yielded only 1160 spec-
imens from its multi-layered Bronze and Iron Age strata (Benzaquen et al., 2019). At Palaeolithic sites (especially in semi-arid and
arid environments), wood charcoal remains may also be relatively scarce (Kabukcu and Chabal, 2021); however, the intensity
curves of these assemblages demonstrate that a 100-fragment count can produce a stable species frequency curve (Uzquiano,
1997), although not necessarily reflecting the exact species composition in the environment.

Quantification of the identified wood remains assemblage is usually based on the number of fragments of each identified taxon
and its relative frequency within the archaeological unit. Counting the wood fragments is preferable to weighing, because it is less
likely to result in misrepresentations of taxon frequency spectra. Due to the rarity of large fragments and the fact that all large frag-
ments are usually studied, the risk of over-representing large fragments (just impacting weights) is higher than the risk of over-
representing numerous small fragments (just impacting counts; Kabukcu and Chabal, 2021 and references therein). However,
the possibility that a single massive log had been fragmented into dozens or even hundreds of small, charred fragments should
also be taken into consideration.

For the purpose of palaeoenvironmental reconstruction and palaeoecological studies, charcoals originating from domestic wood
fuel contexts are considered the most appropriate source of information (e.g., Kabukcu and Chabal, 2021). Domestic fuel collection
and consumption are practiced frequently: domestic fires burn daily, and fuel waste debris is routinely thrown away. Massive
volumes of wood are consumed in these fires, leaving behind mainly ash that can be rich in indicative phytoliths (Pearsall,
1982; Weiner, 2010). As a result of this stochastic process, which leaves behind very little charcoal following each firing cycle,
the ratios of species utilized as an energy source have been averaged over consecutive years or decades, or even for much longer
periods in prehistoric sites (Weiner, 2010; Kabukcu and Chabal, 2021). Valuable palaeoenvironmental data can also originate
from non-domestic fuel wood use, for example, charcoal production in kilns (Nelle, 2003), funeral cremations (Moskal-del
Hoyo, 2012), and charcoal assemblages from industrial contexts (Py et al., 2013; Cavanagh et al., 2022), all of which can provide
direct evidence of changes in woody plant composition through time, and/or the exploitation or management of ancient
woodlands.

Wood remains can also be an indication of ancient trade. We assume that significant long-distance trade in wood did not exist in
pre-agricultural periods. This is not only because of cultural/technological issues, but also because considerable parts of the world
were still forested (Williams, 2003), and even in arid regions, groups of trees still existed in wadis and depressions that accumulated
runoff water (e.g., Vardi et al., 2023). If some small wooden items were traded over long distances, the anecdotal preservation of
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wood from very early periods makes the prospects of identifying trade in wooden objects extremely low. In ancient Israel for
example, wooden artifacts made of the non-native trees Cedrus libani and Buxus sempervirens started to accumulate within the archae-
ological record of this region only during the second half of the Holocene (Roth et al., 2019).

Wood remains of fruit trees recovered from archaeological sites are considered a good marker for nearby horticulture (Lev-
Yadun, 2007, 2022; Langgut and Garfinkel, 2022). Orchards became a significant component of the agricultural system in the Chal-
colithic of the southern Levant (Zohary and Spiegel-Roy, 1975; Zohary et al., 2012), probably before any other region in the world
(Langgut et al., 2019). Orchard trees grow, and after some years theymust be pruned. Old orchards suffer from a considerable reduc-
tion in productivity and should be cut to the base and re-grafted or re-planted. Some orchard tree species produce high-quality wood
that can be used for specific purposes, and indeed their wood became part of the archaeological record. Olive wood, for instance,
being very hard, is suitable for the production of delicate items. In addition, its pleasant burning odor made it a desirable wood for
cooking and heating. The broad scale of olive oil production and the frequent need to prune olive trees in order to keep them
productive and not too tall for harvesting is reflected in the frequency of olive wood remains in the archaeological records of
the Mediterranean (Langgut et al., 2019). Since the Early Bronze Age, at least half of the southern Levantine wood assemblages
are composed of olive charred wood remains (Fig. 1E–G; Benzaquen et al., 2019). Ficus sycomorus, which produces edible figs,
was mainly used as a source of timber and this is reflected in its occurrence in the archaeological finds (e.g., Lev-Yadun, 2022).

Summary and Future Directions

Since the beginning of mankind, people have collected and used plant resourcesdincluding wooddfor all varieties of purposes.
Human cultural development has itself relied on wood which, following the controlled use of fire in particular, became the primary
source of energy (for cooking, heating, lighting, and industrial fuels), whereas also playing a significant role in construction and the
production of tools. While much of archaeological research has put a strong and prevailing focus on non-biodegradable sources
such as stone, metal and potterydowing to the better preservation conditions of these inorganic materialsdwood has nevertheless
played an equal, if not greater role as a raw material throughout human history.

During the last five decades, wood identification has become much more common in archaeological research. It is expected that
this important trend will continue. Overall, during the last several decades, the accumulation of data from research on both archae-
ological wood remains and related palaeoecological studies has allowed us to better understand the past vegetation and ecology, the
level and role of human impact on the environment, trade relations, human technology, anddwith regards to the last several mil-
lenniadthe establishment of horticulture. The next step would be to progress in integrating the dendroarchaeological information
into data science. The result will be a more detailed past vegetation reconstruction for vast geographical areas. In recent years, DNA
analysis has emerged as an aid for studying wood identity. The expected progress in the field of ancient DNA within the coming
decades may assist in resolving debates and uncertainties in the field, as well as revealing new research horizons. Some more devel-
opments are also expected from the isotopic analysis of wood remains. Several atoms common in plants (H, O, C, N) have either
stable or radioactive isotopes that may provide important information about the palaeoecological conditions under which the
woody plants grew (e.g., amount of precipitation or practices such as irrigation). With the accumulation of data and the integration
of isotope analysis on palaeobotanical remains, more progress is expected in this field.

See Also: Environmental Archaeology; Human-Landscape Interactions; Landscape Archaeology and Socio-Environmental Patterns.
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