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12.1 Abiotic decomposition

Ultraviolet light and acid rain determine the aspect of old 
wooden houses on sunny slopes. The originally light-colored 
lignin turns into a dark brown through photodegradation. Cell 
walls in dense latewood are broken and stain dark red with Saf-
ranin. Since latewood cells decay slower than earlywood cells, 

mechanical erosion by wind and rain creates a wavy density 

et al. 1996 and 
George et al. 2005.

The „system Earth“ is based on a closed carbon cycle. In one half 
organisms store the carbon in organic substances. This is par-
tially described for the “system plant” in the previous chapters. 
In the other half, different organisms disaggregate the organic 

traces of processes and organisms which fragment wood into 
smaller particles. Wood can be decayed by photochemical pro-
cesses, bacteria, archaea, fungi, insects and vertebrates.

12. Wood decay

12.2 Logs of Larix decidua in an alpine house. 
Ultraviolet light stained the lignin brown and 
mechanical weather conditions modeled the 
surfaces. 

12.5 Wooden shingles of Picea abies on a roof 
appear gray due to the impact of acid rain. 

12.3 Larix 
decidua due to ultraviolet insolation and weath-
ering. 

12.6 
of Picea abies. The exposed secondary walls of 
tracheids appear blue when stained with Astra-
blue/Safranin.

12.1 Five-hundred-year-old wooden alpine 
house. The aged wood appears brown. 

12.4 Broken secondary walls in the latewood of 
a beam of Larix decidua due to ultraviolet radia-
tion. Slide stained with Safranin. 

Macroscopic and microscopic aspect of abiotic wood decomposition
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12.2 Anaerobic decay – Absence of oxygen

-
ogy from riverbeds, bogs and clay pits. Subfossil wood is pre-
served because shortly after death it was covered by loamy sedi-
ments. Due to a lack of oxygen, only some bacteria and archaea 
are able to decompose the wood. Different stages of decom-
position are expressed by discoloration, the loss of weight and 
shrinkage. 

The alterations by microscopic anaerobic degradation are dem-
onstrated exemplarily on Astrablue/Safranin-stained slides taken 
from subfossil late glacial pine stumps (Pinus cf. sylvestris) of a 

clay pit in Zurich, Switzerland, oak stems from riverbeds of large 
European rivers, and posts from a prehistoric lake dwelling set-
tlement in Switzerland. 

conifers occurs mosaic-like, cell by 
cell. In the next stage, the cellulose structure of secondary walls 
is broken up. In the last stage, the secondary walls contract. 
During all stages, the primary walls remain largely chemically 
untouched and keep their original form. Therefore the general 
wood structure is preserved, and subfossil and fossil wood can 

12.10 Bark structures at the periph-
ery of a heavily decomposed stump 
of Pinus sylvestris. The anatomy of 
the bark is perfectly preserved.

12.14 Radial section of the late-
wood in a slightly decayed zone of 
a stump of Pinus sylvestris. Pits in the 
secondary walls are largely decom-
posed.

12.7 Late glacial stump of Pinus 
sylvestris in-situ deposited in grey 
loam, Zurich, Switzerland, 13,000 
years BP. Photo: U. Büngen.

12.11 Cross section of the transition 
zone between the well-preserved 
and the decayed zone in a stump 
of Pinus sylvestris. A few latewood 

-
ary walls (blue).

12.8 Cross section of a late glacial 
stump of Pinus sylvestris. The dark 
center is preserved by resin, and the 
light, contracted periphery is heav-
ily anaerobically decayed.

12.12 Cross section of the latewood 
in a slightly decayed zone of a 
stump of Pinus sylvestris. All second-

primary walls of tracheids and rays 

12.9 Cross section overview of a 
late glacial stump of Pinus sylves-
tris. Transition between areas pre-
served by resin (red) and areas in 
decay (blue).

12.13 Cross section of the latewood 
in a heavily decayed zone of a 
stump of Pinus sylvestris. The sec-

contracted (dark blue). The primary 

Macroscopic and microscopic aspect of pine stumps decayed under anaerobic conditions
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12.19 Microscopic unstained cross section of 
the black heartwood zone of a subfossil Quercus 
sp. All anatomical features including tyloses are 
preserved. 

primary wall secondary wall
tertiary wall

Macroscopic and microscopic aspects of deciduous tree stems decayed under anaerobic conditions

Macroscopic aspect of stems decayed under anaerobic conditions

12.22 Cell-wall degradation in a very soft, 
decayed Alnus stem. Primary walls determine the 

almost completely degraded. Tertiary walls are 
preserved, but separated from the primary walls. 

12.16 Holocene stem of Pinus sylvestris in a 
lake in the boreal zone of northern Scandinavia. 
Photo: T. Bartholin.

12.23 Different levels of cell-wall degradation in 
a very soft, decayed Alnus stem. Rays consist of 
parenchyma cells and are well preserved. Cell-

-
sels) are decomposed.

12.20 Microscopic tangential section of a black 
heartwood zone of Quercus sp. All parenchyma 

substances (phenols), 
giving the heartwood its macroscopic black 
appearance. 

12.17 Conifer posts in a Neolithic lake dwelling 
settlement in Northern Italy (Fiave). Photo: W. 
Schoch.

12.21 Microscopic Astrablue/Safranin-stained 
cross section of a Neolithic post of Alnus sp. 

features are well preserved. 

12.18 Wet cross section of a Holocene Quercus 
stem. The sapwood is light-colored and the heart-
wood appears black. Different stages of degrada-
tion are expressed by different degrees of shrink-
age (see Chapter 13.5). Photo: W. Tegel.

12.15 Holocene stems of Quercus sp. in sedi-
ments of a Central European river bed. Photo: W. 
Tegel.
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12.3 Aerobic decay – Wood-decaying fungi

Hundreds of fungus species decay wood. Fungi can be differen-
tiated by their fruiting bodies, while differentiation by hyphae is 
very limited. Some fungi grow as parasites on living trees, but 
most decompose dead wood. Some fungi attack carbohydrates, 
while others attack lignin or suberin (lipid polymers). Fungi 
grow from cell to cell through pit apertures or enzymatically 
dissolve cell walls. They cause discoloration as blue stain or 
randomly green wood, or decay patterns as brown rot, soft rot 
and white rot. Some decay patterns are shown here exemplar-
ily. Their natural variability is much more diverse. 

Blue stain fungi produce radial blue stripes in the sapwood of 
freshly felled logs, mainly in Pinus and Larix. The blue stripes 
are just an optical effect due to light refraction. Fungi, mainly 
ascomycetes, do not degrade cell walls nor do they reduce the 
stability of the wood. Hyphae absorb sugars, starch proteins 
and lipids in parenchyma cells. Thick, brown hyphae primarily 
follow rays and grow from cell to cell through pit apertures. 
Cell composition as well as cell-wall structures are perfectly 
preserved.  

Brown rot fungi, mainly of the family of Polyporaceae, decay 
living and dead wood. Characteristic is the cubiform brown 
decay pattern and the dramatic loss of weight and bending 

strength. Enzymes decay cellulose and hemicellulose. The cel-
lular composition of decayed wood does not change. Anatomi-
cal details of rays remain, however, those in tracheids disappear 
or are indistinct. Since the cellulosic structure is decomposed, 
wood structure disappears in polarized light. Decomposition 
artifacts limit an anatomical species determination.

Soft rot fungi mainly decay construction wood of conifers and 

patterns on logs and boards in humid conditions. It is mainly 
ascomycetes that primarily decay cellulose and hemicellulose 
and—to a small amount—also lignin. 

White rot fungi produce simultaneous rot and successive 
white rot. Both types occur mainly on deciduous trees but also 
on conifers in the forest. Decayed wood is spongy and often 
appears whitish. Characteristic for simultaneous white rot are 
irregular dark lines which consist of concentrations of dark-
colored hyphae. Affected wood loses a lot of weight. Basidio-

later also hemicellulose. In successive white rot, basidiomyce-

later also cellulose. Characteristic for damages from the fungus 
Ganoderma lipsiense are enlarged decay zones.

12.27 Brown rot in a stem of Picea 
abies. Characteristic are cubiform, 
dark brown areas in conifers. 

12.31 Successive white rot and a dark 
demarcation zone in Quercus sp. The 
little hollows indicate the decay.

12.24 Blue stain in Pinus sylvestris. 
Characteristic are radial dark stripes 
in the sapwood of pines and larches. 

12.28 Red rot fungus (Fomes anno-
sus) in a root and a stem of Picea 
abies.

12.25 Green rot in Fagus sylvatica.

12.29 Soft rot caused by a species 
of Polyporus. Characteristic is soft, 

12.26 Concentrated hyphae (myce-
lium) of Armillaria sp. in the cam-
bial zone of a tree.

12.30 Simultaneous white rot with 
bleached parts and dark demarca-
tion lines in Betula pendula.

Macroscopic aspect of major discolorations and rottenness caused by fungi
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12.35 Radial section of a green rot-
ten Betula pendula with thin, blue-
stained hyphae in a vessel. 

12.43 Advanced decay in Betula 
pendula. Some secondary walls 

and some are completely gone. Pri-
mary walls of decomposed cells are 

12.32 Radial section of a blue-
stained Pinus sylvestris with thick 
brown hyphae in rays and tracheids. 
The hyphae do not stain with Astra-
blue/Safranin. 

12.40 Hyphae within the walls of 
latewood tracheids in Pinus sylves-
tris.

12.33 Radial section of a brown 
rotten Pinus sylvestris with thick, 
red-stained, non-septate hyphae in 
tracheids. 

12.41 Advanced decay in Pinus syl-
vestris. Hyphae decomposed and 

-

walls are structurally preserved but 

12.34 Cross section of white rot-
ten Fagus sylvatica with thin, blue-
stained hyphae.

12.42 White rot decay in Betula 
pendula. Secondary walls of most 

Microscopic aspect of fungal hyphae in wood

Soft rot decay

12.39 Largely decomposed second-
ary cell-wall structures in tracheids 
and preserved cell-wall structures 
in rays of Pinus mugo.

12.36 Septate hyphae growing 
through pit openings in Pinus syl-
vestris.

12.37 Hyphae enzymatically dis-
solve cell walls in Pinus sylvestris.

12.38 Preserved cell wall structure 
in Pinus mugo (unstained slide).

Hyphae growing through cell walls Brown rot decay

Simultaneous white rot decay
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12.47 Various degrees of decay of 
pits around a hole in a stem of Pinus 
mugo.

12.44 Holes in a stem of the dwarf 
shrub Calluna vulgaris.

12.45 Selective degradation of cells 
around a hole in a stem of Calluna 
vulgaris.

12.46 Holes in a stem of the conifer 
Pinus mugo, polarized light. Tra-
cheids around the holes are delig-

Successive white rot decay

12.4 Compartmentalization – The natural limit to fungal growth

Shigo 1989 described the CODIT concept (COmpartmentaliza-
tion of Decay In Trees). It states that hyphae of fungi cannot 
grow unlimited because stems form radial tangential and axial 
fungicide barrier zones. Hyphae initiate phenolic excretion of 
living parenchyma cells (rays and axial parenchyma). Four walls 
limit the expansion of hyphae.

The CODIT concept is not a means of healing stems, but it can 
compartmentalize damages. 

 Wall 1 prevents expansion in axial direction. This is the 
weakest barrier in the system.

 Wall 2 moderately prevents stem-inward expansion.

 Wall 3 moderately prevents lateral expansion.

 Wall 4 prevents expansion towards newly formed cells after 
injury. This is the strongest zone. Suberin layers in the new 
cells on the side facing the injury prevent growth of hyphae.

12.48 Cross section of a 
compartmentalized wound 
in Acer sp.

12.49 Longitudinal section 
of a compartmentalized 
dead branch of Acer sp.

12.50 Cross section of a 
compartmentalized wound 
of a rhizome of the herb 
Mentha sp.

12.51 Cross section of a 
barrier zone in Betula pen-
dula.

12.52 Radial section of a 
barrier zone in Pinus mugo.

Macroscopic and microscopic aspect of compartmentalization
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12.5 Decay by xylobiontic insects

Thousands of insect species are part of the recycling process 
of wood and bark. Some specialize in feeding on living plants, 
many prefer dead logs and timber, and a large group is respon-
sible for the decomposition of rotten wood. Xylobionts evolved 
in many taxonomic units, e.g. in beetles, termites, wasps, bees, 

ants and woodlice. Each insect species prefers spe-
feeding traces 

in the wood or in the bark. Beetles destroy the cambium, the 
peripheral parts of the living xylem, and the most active part of 
the phloem. Affected trees can therefore die. Larvae of miner 

where they consume nutrients. Since they do not destroy all 
meristematic cells, these galleries can be closed by callus cells. 
These scars are called 

don’t die. Longhorn beetles (Cerambycidae), wood borers (Ano-
biidae) and carpenter ants (Camponotus sp.) feed on dense, 
dry, dead wood, where they form galleries of various forms. The 

coprolites. Termites 
have the most powerful mandibles, and destruct extremely dry 
wood. Various insect larvae, e.g. of goat moth (Cossidae) and 
the Asian longhorn beetle, form large scale galleries, and can 
often kill the trees. Wasps peel externally eroded plants, and 

Woodlice (Oniscidea) are the last members in the wood decay 
chain, they live in moist mull. 

For more information see e.g. Wermelinger 2017.

Galleries of bark beetles—cambium miners which can kill the host trees

12.57 Bark beetle gallery in the wood of Picea 
abies. Affected are the two last rings.

12.54 Galleries of the European spruce bark 
beetle Ips typographus in the bark of Picea abies.

12.58 Bark beetle gallery in the wood of Fagus 
sylvatica. Affected is just the last ring.

12.55 Beetle galleries in the wood of a post.

12.56 Gallery of a bark beetle in the bark of 
Picea abies. Affected is the whole living phloem 
as well as the dead rhytidome.

12.53 The bark beetle Ips typographus. The bee-
tle lives in the cambial zone of Picea abies in 
Europe. Photo: B. Wermelinger.
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12.62 
wood of Tasmannia xerophila. The 

12.70 The larvae of the goat moth 
Cossus cossus feed in tree trunks, 
here in a stem of Salix sp.

12.59 Peripheral xylem zone of 
Salix sp. with galleries. Larvae of 

-
bial zone before they leave the tree 
trough the bark.

12.67 Longhorn beetle (Hylotrupes 
bajulus, Cerambycidae). Photo: B. 
Wermelinger.

12.60 
young Salix tree.

12.68 Galleries of larvae of long-
horn beetles occur mainly in the 
earlywood.

12.61 
Betula pendula
with callus tissue.

12.69 The Asian longhorn beetle 
(Anoplophora glabripenni) lives 
in the wood of various deciduous 
trees. Photo: D. Hölling.

Sapwood and heartwood destruents

12.66 

particles).

12.63 Heavily decayed sapwood of 
a beam of Quercus sp.

12.64 Traces of a beetle in a dry 
beam of Fagus sylvatica.

12.65 The irregularly formed galler-
frass, composed 

-

and vessels.

Sapwood destruents coprolite frass
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12.74 Frass with wood dust in cop-
rolites, polarized light. Particles 
have a length of 10–20 μm. 

12.81 
Vesp-

ula vulgaris in a wet meadow.

12.71 Exit holes of wood borer lar-
vae in a wooden tool made of Fagus 
sylvatica wood.

12.78 Common wasp Vespula vul-
garis. Photo: B. Wermelinger.

12.72 Irregular internal galleries of 
wood borer larvae in wood of Fagus 
sylvatica.

12.79 Nest of Vespula vulgaris. 
Photo: B. Wermelinger.

12.73 Round wood borer galleries, 
polarized light. The insect larvae 
prefer to feed on the soft earlywood. 

12.80 

nest of Vespula vulgaris. Ray cells 
and vessels are absent.

Sapwood and heartwood destruents—Anobiidae wood borers

Fiber collectors—wasps

Sapwood and heartwood destruents—carpenter ants

12.76 Galleries of carpenter ants. 12.77 Woodlouse in a rotten stem of Fagus syl-
vatica.

12.75 Carpenter ant Camponotus sp. Photo: B. 
Wermelinger.

Mull consumers—woodlice
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Open Access This chapter is licensed under the terms of the 
Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative 
Commons license and indicate if changes were made.

The images or other third party material in this chapter are 
included in the chapter's Creative Commons license, unless 
indicated otherwise in a credit line to the material. If material 
is not included in the chapter's Creative Commons license and 
your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder.

http://creativecommons.org/licenses/by/4.0/
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