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A B S T R A C T

Among the many studies devoted to deadwood, very few have considered it in a broader ecosystemic context,
especially in relation to the underlying humiferous topsoil. In order to fill this gap, we detail here the concept of
lignoforms, humus forms strongly linked to deadwood and mostly ignored by humus forms specialists. After
presenting the main characteristics of deadwood, the main actors involved in its life cycle and its important and
varied roles in many ecosystems, we explain how to describe and study lignoforms. We also propose new di-
agnostic horizons for these particular humus forms, as well as a classification system, including an identification
key (see Appendix A Identification key for lignoforms). Finally, we discuss some important issues pertinent to
continuing to improve knowledge of these common but little studied humus forms.

1. Introduction

A growing number of studies about deadwood and its decomposi-
tion have been published over the last 30 years (Russell et al., 2015),
most of them dealing with the physicochemical properties of deadwood
or guidelines for the measurement of woody debris in ecosystems.
However, the study of deadwood in a broader ecosystemic context re-
mains relatively untouched (Brändli, 2010), especially when linked to
humus systems made of dominant wood under transformation by wood-
feeding animals and/or wood-rotting fungi. Such humus forms are
currently called lignoforms or hyperlignic parahumus by the European
humus forms classification (Jabiol et al., 2013; Zanella et al., 2011).
The humus forms classification of British Columbia classifies them as
Lignomoder or Lignomor (Green et al., 1993; Klinka et al., 1997), de-
pending on the key influence of fungi and/or bryophytes. More gen-
erally, these humus forms have also been referred to as Lignic Folisol by
the Canadian soil classification (Soil Classification Working Group,
1998).

The concept of lignoforms still remains broad, encompassing var-
ious situations and thus requiring improvement. This contribution is
therefore an initial attempt (i) to clarify different concepts evolving
around lignoforms, and (ii) to contribute to the system of classification
of these atypical humus forms.

2. Characterisation of deadwood

2.1. Categories of deadwood

Deadwood constitutes an important part of forest litter. Its annual
input and the quantities lying on the ground have been the subject of
many studies (see, e.g. Agee and Huff, 1987; Berg et al., 1993; Brändli,
2010; Elton, 1966; Goodburn and Lorimer, 1998; Kirby et al., 1991;
MCPFE, 2007).

In practical terms, deadwood can be subdivided into different ca-
tegories (Harmon and Sexton, 1996):

(i) Woody debris consists of the trunks of dead trees, branches and
other parts lying on the ground or at an angle of up to 45° but no longer
supported by roots (Waddell, 2002). It is also called logs or lying
deadwood (Harmon and Sexton, 1996; Rondeux and Sanchez, 2010).
Woody debris can then be further divided (see, e.g. Brown, 1974;
Harmon et al., 1986; Harmon and Sexton, 1996) into (ia) coarse
woody debris (CWD), with a diameter equal to or greater than 10 cm
and (ib) fine woody debris (FWD), with a diameter smaller than
10 cm.

(ii) Snags (or standing dead trees) are short to long vertical pieces of
deadwood, standing at an angle of 45° to 90°, still attached to the
ground with roots and usually resulting from natural processes
(Harmon and Sexton, 1996; Waddell, 2002).

(iii) Stumps are short vertical pieces of deadwood, still attached to
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the ground with roots and often resulting from the anthropogenic ac-
tion of cutting (Harmon and Sexton, 1996; Melin et al., 2009).

In the two last cases, the root system must be considered in-
dependently of the aboveground deadwood because of different de-
composition dynamics (Melin et al., 2009).

These different deadwood types can be seen as an interconnected
network in which one type can become another, always ending in
progressive incorporation into the soil and also eventually in the
complete decomposition of deadwood (Bunnell and Houde, 2010;
Moroni et al., 2015; Russell et al., 2015). This concept is summarised in

Fig. 1. Table 1 shows the actors involved in the links between the dif-
ferent compartments of Fig. 1. Since almost every actor can be found in
each link, only the main ones are highlighted here.

2.2. States of decomposition

Deadwood can also be classified in terms of its state of decomposition.
Different systems have been established in order to characterise quickly
and as objectively as possible the state of decomposition of deadwood. All
have subdivided deadwood into different ‘decay classes’.

Fig. 1. Links existing between deadwood types and
their convergent role in the formation of humus re-
vealed by the humus forms and preceding the for-
mation of soil. Numbers 1 to 14 are related to the
numbers shown in Table 1.
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One of the most common systems seems to be that established by
Maser et al. (1979), inspired by the previous work of Fogel et al. (1973).
This system, initially applied in coniferous forests in the United States,
comprises five decay classes based on visual and physical criteria such
as the presence or absence of bark or branches, the texture and colour of
the wood or the general shape of the trunk. This system has been re-
visited and modified by various authors and also extended to hardwood
(see, e.g. Keller, 2005; Maser and Trappe, 1984; Ódor and van Hees,
2004; Pyle and Brown, 1998; Woodall and Monleon, 2008). Table 2
shows the main characteristics of these five decay classes.

This common and practical decay class system is a very useful tool

(Russell et al., 2015) which can also be used for lignoform descriptions
(see § 4.3 Diagnostic horizons).

3. Deadwood in ecosystems

3.1. From the falling tree to integration into the soil

3.1.1. Three-stage model
The process running from the arrival of deadwood on the ground

until its incorporation into the soil can be roughly subdivided into three
stages easily recognisable in the field (on the ground of terrestrial
ecosystems) (Bunnell and Houde, 2010; Gobat et al., 2010):

Table 1
Main actors involved in the links (1 to 14) shown in Fig. 1.(For interpretation of the references to colour in this table legend, the reader is referred to the web
version of this article.)

† Storms, lightning, etc.
Arthropods are subdivided into different categories (I, II and III), encompassing various taxonomical levels.
‡ Buprestidae, Cerambycidae, Curculionidae, Scolytinae.
§ Blattodea, Anobiidae, Lymexylidae, Zopheridae, Pantophthalmidae, Tipulidae (genus Ctenophora), ants (e.g. Camponotus sp.), Megachilidae, Siricidae,
Xiphydriidae, xylocopone apids, Cossidae, Hepialidae, Sesiidae.
# Collembola, Acari (Oribatida, Gamasida, …), Diplura, Myriapoda, Isopoda, Lumbricidae, Gastropoda, Coleoptera and Diptera larvae, Termitoidae,
Passalidae.
Inspired by Ammer (1991), Bunnell and Houde (2010), Lachat et al. (2014), Maser et al. (1979), Schiegg Pasinelli and Sutter (2000), Siitonen (2001), Stokland
et al. (2012) and Ulyshen (2014).

Table 2
The five-decay class system used for the description of woody debris (mainly CWD).

Decay class

Log characteristics 1 2 3 4 5

Bark intact intact trace absent absent
Twigs (Ø < 3 cm) present absent absent absent absent
Texture intact intact to partly soft very few softened portions,

hard pieces remaining on
large portions of the log

small soft portions of the log
easily discernible

soft and powdery (very few
portions of the log remain
coherent)

Knife test knife penetrates with great
difficulty in the direction of
the fibres

knife penetrates with great
difficulty in the direction of the
fibres

knife penetrates slightly,
but only in the direction of
the fibres

knife penetrates easily in all
directions

(almost) no resistance

Shape round round round round to oval (elliptical) oval or elliptical flattened
Colour of wood original colour original colour original colour to faded light brown to reddish brown

or yellowish
faded to light yellow or
grey, or red brown to dark
brown

Portion of tree on
ground

log elevated on support
points

log elevated on support points
but sagging slightly

log is sagging near ground all of log on ground all of log on ground

Adapted from Keller (2005), Maser et al. (1979) and Maser and Trappe (1984).
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(i) a stage of colonisation, involving the arrival and settlement of
various pioneer organisms; this stage extends throughout all processes
with the successive arrival of different cohorts (Ulyshen, 2014),

(ii) a stage of decay, during which deadwood begins to decompose,
thus losing its shape, structure and other original features,

(iii) a stage of integration into the soil (co-occurring with the
humification processes), occurring more or less rapidly as it is driven by
several environmental variables and the type of wood.

It should be noted that this three-stage model does not apply to
aquatic ecosystems (e.g. estuaries or lakes) or more specifically, to the
wet part of specific terrestrial ecosystems (e.g. black alder (Alnus glu-
tinosa (L.) Gaertn.) forests). These processes remain quite unknown in
such ecosystems, even if in some cases the accumulation of deadwood
can lead to huge amounts of peat partly made of woody material
(Moroni et al., 2015).

3.1.2. Influencing factors
The duration and intensity of each of these three stages are driven

by and may vary under various factors. Some of them are among the
five ‘classical’ factors of soil development (parent material, climate,
topography, biological activity and time) (Jenny, 1941, 1980) and
others are more related to woody material:

(a) Geological substrate, soil (pH, CEC, …) (Berg and McClaugherty,
2014) and humus forms (Bocock et al., 1960; Gilbert and Bocock,
1960; Howard and Howard, 1980), but very few studies have been
done concerning the effect of these variables on deadwood.

(b) Climate, at different spatial and time scales (Russell et al., 2015;
Yin, 1999), even if this point remains relatively unknown (Russell
et al., 2014).

(c) Topography (Beatty and Stone, 1986; Dwyer and Merriam, 1981;
McClellan et al., 1990) and contact surface between soil and
deadwood (Bull et al., 1997).

(d) Living organisms responsible for biological transformations, in-
cluding microbial organisms (Bunnell and Houde, 2010; Ulyshen,
2014).

(e) Type of surrounding vegetation (Moroni et al., 2015; Zhang and
Liang, 1995).

(f) Tree/shrub species and its potential features (age, presence of
reaction wood, etc.) (Harmon et al., 2008; Waddell, 2002; Weedon
et al., 2009).

(g) Initial decay stage of the woody material (Russell et al., 2015).
(h) Quantity/volume, type, shape and size of the initial woody ma-

terial (coarse woody debris, fine woody debris, stumps, snags, etc.)
(Harmon et al., 2011; Mackensen et al., 2003; Zell et al., 2009).

The diversity of these variables as well as the lack of specific data,
especially concerning point (iii) (see § 3.1.1 Three-stage model above)
justifies such a simple and flexible ‘three-stage’ model, which can be
applied to various situations.

3.2. Roles of deadwood in ecosystems

Due to its abundance and the multitude of physicochemical changes
occurring during its life cycle, deadwood has long been considered as
playing important and various roles in many ecosystems (Ammer, 1991;
Barnum et al., 1992; Berg and McClaugherty, 2014; Elton and Miller,
1954; Elton, 1966; Graham, 1925; Harmon and Sexton, 1996; Maser
et al., 1979; Savely, 1939), among which are:

(a) A contribution to the structural diversity of many environments as
well as a protective role for biodiversity (Bull et al., 1997; Carey
and Johnson, 1995; Goodburn and Lorimer, 1998; Lachat et al.,
2014; Pyle and Brown, 1998; Siitonen, 2001; Stokland et al., 2012;
Woodall and Monleon, 2008), since deadwood can be considered as
an annexe of the soil (i.e. as a ‘soil dependency’) (Delamare-

Deboutteville, 1951; Gobat et al., 2010).
(b) An important role in the nutrition of various species (see Table 1)

(Cornwell et al., 2009; Schiegg Pasinelli and Suter, 2000; Sharitz,
1996; Stokland et al., 2012; Ulyshen, 2014) and the important
water reserve provided by coarse woody debris, especially in
decay classes 4 and 5 (Harvey et al., 1979; Lachat et al., 2014).

(c) The stimulation of forest regeneration through the creation of fa-
vourable environmental conditions (Bolton and D'Amato, 2011;
Brändli, 2010; Brown, 1974; Harmon et al., 1986; Zielonka and
Piatek, 2004), as well as a beneficial impact on soil quality (erosion,
nutrient content, etc.) (Preston et al., 1990).

(d) A role in the carbon cycle, (especially concerning the medium-
term sequestration of atmospheric carbon dioxide) (Federici et al.,
2015; Malmsheimer et al., 2011; Smith et al., 2013; Waddell, 2002)
and coarse woody debris acting as preferential sites for nitrogen
fixation (Hendrickson, 1991; Larsen et al., 1978; Matzek and
Vitousek, 2003).

(e) The role of bioindication provided by deadwood, especially in the
context of conservation projects (Bütler et al., 2004; Kunttu et al.,
2015; Müller and Bütler, 2010; Waddell, 2002; Woodall and
Monleon, 2008; Woodall and Nagel, 2006).

(f) The use of deadwood as fuel in bioenergy production (Sathre and
Gustavsson, 2011).

(g) The effect of deadwood on the behaviour of forest fires (Arno,
2000).

4. Deadwood and humus forms

4.1. What is it all about?

Despite the importance and the omnipresence of deadwood in
ecosystems, the links between deadwood and humiferous topsoil layers
remain unexplored (Russell et al., 2015). Better knowledge (mor-
phology, classification, dynamics, etc.) of the humus forms linked to
deadwood − the lignoforms − could lead to a better understanding
and protection of the various ecosystem services mentioned above (§
3.2 Roles of deadwood in ecosystems), especially those related to the
carbon cycle (Cotrufo et al., 2011; Federici et al., 2015).

To this end, we attempt here to complement the fundamental con-
cepts of lignoforms recently laid down by the European humus research
group (Jabiol et al., 2013; Zanella et al., 2011).

4.2. Field description

4.2.1. General consideration
As for other humus forms, it is essential to describe as precisely as

possible the different horizons in order to subsequently understand the
essential operating principles of the studied system (Gobat et al., 2010).
However, for lignoforms, the usual method of soil description has to be
slightly adapted, especially by taking into account the decay stage of
the woody material (see Table 2).

4.2.2. Ecological conditions
In addition to the more ‘classical’ ecological conditions, the shape,

dimension and orientation of the woody material must be noted, as well
as its angle and degree of contact with the underlying substrate. The
wood species and the presence of possible marks, cavities, fire scars and
other disturbances must also be taken into account. Any other in-
formation that can help to better understand the functioning (present,
past and future) of the considered humus form should also be noted
(e.g. a stump in close proximity that can indicate the origin of the
woody material, a pile of woody debris that can possibly further fuel a
buried lignoform, etc.).

A description of the adjacent humus must also be performed in
order to better understand the spatio-temporal dynamic of the studied
lignoform. A relevé of the surrounding vegetation (including mosses on
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the bark) should generally also be considered, given the potential in-
fluence of the vegetation on the dynamic of deadwood decomposition
(Moroni et al., 2015; Zhang and Liang, 1995).

4.2.3. How to open a lignoform profile?
As humus forms with peculiar characteristics (see inter alia § 4.3

Diagnostic horizons), lignoforms require a specific and adapted metho-
dology for their investigation. Below, we explain how to open a lig-
noform profile and describe it.

A saw, a wood chisel and different types of knifes can be particularly
helpful to open a lignoform profile. While handling coarse woody
debris, adhesive tape or any other tape should usually be used in order
to maintain the physical integrity of the woody material. Special at-
tention must be paid to personal protective equipment and to the safety
of others present. It is recommended to wear safety hand gloves, gog-
gles and (steel-toe) boots. In some cases (e.g. huge accumulation of
woody debris), the use of a safety helmet is also strongly recommended.
In steep terrain, the woody material should to be stabilised to the
ground before starting to work. Fig. 2 shows some tools used for lig-
noform description.

Once the profile is done, all the debris resulting from the mechanical
opening (sawdust, etc.) should be carefully removed before starting the
description. For coarse woody debris, the description must be per-
formed at the centre of the cut, on one-third of the total diameter (see
Figs. 15–28). This selection (one-third) allows, in most cases, the con-
tact area between the woody material and the underlying substrate to
be maximised. Sewing pins could be useful to delimit the different
horizons (e.g. when taking a photo). Note that different woody horizons
can be found in a single piece of coarse woody debris.

4.2.4. Sampling
If necessary, samples can be taken in sections of 5 cm. If more

sample material is needed, check that the same horizons are still pre-
sent. Samples should be carried in resistant bags (sharp pieces of wood
can easily perforate flimsy bags). Various analyses can then be per-
formed on the sampling material: pH (Campbell and Bryant, 1941),
CHN measurements, colourimetry, etc. On a different spatial scale, the
study of thin sections (especially at the interface between deadwood
and the underlying substrate) could also give new insights into the
dynamic processes (Tian et al., 1997). In the near future, these collected
data could be used to better understand these atypical humus forms (see
§ 5. Conclusion and perspectives).

4.2.5. Examples of freshly opened lignoform profiles
Figs. 3–6 show some examples of lignoform profiles made of CWD

and ready to be described.

4.3. Diagnostic horizons

4.3.1. Woody horizons
Establishing definitions of the humus forms horizons linked to

deadwood is a necessary first step for a better understanding and
classification of these atypical humus forms, given that horizons are
considered to be the basic functional units of humus forms (Gobat et al.,
2010). The decay classes are assessed on the basis of the knife test, the
texture and the colour of the deadwood (see Table 2). The threshold of
70% used below is inspired by the values currently used by the Eur-
opean humus forms classification (Jabiol et al., 2013; Zanella et al.,
2011). The minimum thickness of any horizon is 3 mm, as previously
defined for the ‘classical’ horizons of humus forms (Zanella et al.,
2011). The capital letter W was chosen to refer to the woody horizons.
To the best of our knowledge, this letter is not yet used by any of the
existing humus forms and soil classification systems.

WL is an organic horizon made of ≥ 70% recognisable woody
material (visual cover) not or slightly decomposed (decay class I or II)
and almost non-fragmented. The presence of sap is possible.

WF is an organic horizon made of ≥ 70% decomposed woody
material (decay class III or IV). This woody material is fragmented or

Fig. 2. Different tools used for lignoform description.

Fig. 3. Lignoform profile, Picea abies (L.) Karst wood.
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can easily be fragmented by fingers.
WH is an organic horizon made of ≥ 70% very decomposed woody

material (decay class V). The aspect of this material ranges from
strongly fragmented to powdery and may still be coherent but can then
be easily transformed into powder.

Figs. 7–14 show some examples of different W horizons.
Equivalence with Humusica 2, article 13 is: WL = ligOL;

WF = ligOF; WH = ligOH.

4.3.2. Prefixes and suffixes
The prefix ‘ω-’ can be added to a ‘classical horizon’(OL, OF, OH, A,

[…]) if it contains 30–70% woody material. ‘ω’ can also be used alone if
the link with another horizon (OL, OF, OH, A, […]) cannot easily be
made. This type of horizon is present most of the time at the interface
between a surface WF or WH horizon and the underlying substrate. A
lower-case omega ‘ω’ was chosen instead of ‘w’ in order to better dis-
tinguish it from the capital letter ‘W’.

The prefix ‘p-’ (for ‘pure’) can be added to a W horizon if it con-
tains≥ 90% woody material.

One of the specific features of lignoforms is the presence of W
horizons that can possibly be half-buried and half-exposed to open air.
If a W horizon is buried at≥ 50%, it can be considered a buried W
horizon. Conversely, if a W horizon is buried at< 50%, it can be
considered a surface (or unburied) W horizon. This definition is in-
spired by the definition of buried wood proposed by Moroni et al.
(2015). The suffix ‘-b’ is added to indicate a buried W horizon. A W
horizon without the ‘-b’ suffix is considered a surface/unburied horizon.
The suffix ‘-su’ can nevertheless be added to clearly indicate a surface
W horizon.

Other suffixes can also be added to characterise more precisely the
W horizons. Table 3 summarises the most common among them, as well
as the different woody horizons and the prefixes. These suffixes are

Fig. 4. Lignoform profile, Picea abies (L.) Karst wood.

Fig. 5. Lignoform profile, Picea abies (L.) Karst wood.

Fig. 6. Lignoform profile, Picea abies (L.) Karst wood.
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Fig. 9. pWF horizon, Picea abies (L.) H. Karst. Wood.

Fig. 10. pWF horizon, Picea abies (L.) H. Karst. Wood.

Fig. 11. WF horizon, Picea abies (L.) H. Karst. Wood.

Fig. 12. WF horizon, Picea abies (L.) H. Karst. Wood.

Fig. 13. WH horizon, Picea abies (L.) H. Karst. Wood.

Fig. 14. ω- horizon, Picea abies (L.) H. Karst. Wood.

Fig. 8. pWL horizon, Picea abies (L.) H. Karst. Wood.

Fig. 7. pWL horizon, Picea abies (L.) H. Karst. Wood.
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mainly inspired by AFES (2009).
If the woody material clearly shows different physicochemical

compositions between two horizons (due to different wood species and/
or to an anthropic action; e.g. stained or varnished wood), Roman nu-
merals can be used to indicate a discontinuity within the woody ma-
terial. For example: (I)WL/IIWL/IIWF/[…] (see also Figs. 22 and 25).

4.4. Lignoform classification

4.4.1. A brand new topic
Before trying to establish a system of classification for lignoforms, it

is important to keep in mind the two following points: (i) very few
studies have been undertaken into the relationships between humus
forms and deadwood (Brais and Drouin, 2012; Green et al., 1993;
Klinka et al., 1995, 1997; McFee and Stone, 1966; Strukelj et al., 2013),
and (ii) the wood of each tree species may respond differently to var-
ious environmental variables (Weedon et al., 2009). For example, Larix
deciduaMill. is usually considered to decompose more slowly than Picea
abies (L.) H. Karst. (Hobbie et al., 2006), but a recent study showed a
similarity in the chemical composition during the overall decomposi-
tion process for both species (Petrillo et al., 2015).

While waiting for more data and a stronger background, the system
used for lignoform classification should therefore remain quite simple,
but should nevertheless be as close as possible to ecological reality.

The classification of lignoforms is here mainly based on the buried
W horizons. Such horizons are a priori more easily subject to horizontal
transfers of material and energy with the surrounding environment
than a surface W horizon. The system presented here is mainly based on
the study of Picea abies wood.

Below we present some examples of humus forms with the presence
of W horizons. These examples are summarised further in Table 4. Each
description is followed by two figures (Figs. 15–28). These figures are
not exhaustive but show different possible cases.

Table 3
Woody horizons and their most commonly used prefixes and suffixes.

Categories Meaning

Horizons
WL organic horizon made of≥ 70% recognisable woody material (visual

cover) not or slightly decomposed (decay class I or II) and almost non-
fragmented, possible presence of sap

WF organic horizon made of≥ 70% decomposed woody material (decay
class III or IV), woody material fragmented or easily fragmented by
fingers

WH organic horizon made of≥ 70% very decomposed woody material
(decay class V), aspect of the woody material ranges from strongly
fragmented to powdery, may still be coherent but can be easily
transformed into powder

Prefixes
ω- can be added to a ‘classical horizon' (OL, OF, OH, A, […]) if it contains

30–70% woody material, can also be used alone if the link with another
horizon (OL, OF, OH, A, […]) cannot easily be made, this type of horizon
is present most of the time at the interface between a surface WF or WH
horizon and the underlying substrate

p- pure can be added to a W horizon if it
contains≥ 90% woody material

Suffixes
-b buried W horizon buried at≥ 50% (the remaining

% are exposed to open air)
-c indurated indurated W horizon (but non-fossilised)
-cry cryoturbated structure of the W horizon clearly affected

by cryoturbation
-hr hemimineral presence of fossilised indurated wood

within the W horizon
-su surface W horizon exposed at> 50% to open air

(the remaining% are buried)
-z anthropic woody material of the W horizon coming

from old furniture, pieces of wood planks,
sawdust, etc.
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These different types of lignoforms are intended to serve as a basis
for the description and diagnosis of humus forms linked to deadwood.
In complex situations (e.g. with superimposed lignoforms), the diag-
nosis of a lignoform should be made in the most logical way, depending
on the context of the study (see also Humusica 2, article 13 for inter-
grades toward other humus systems).

4.4.2. Non-lignoform humus forms with a WLsu and/or WLb horizon
This is a humus form with the presence of a continuous WLsu and/

or a WLb horizon and/or (more rarely) a ‘ω-’ horizon. Surface or buried
WF and WH horizon are absent. The transition with the other horizons
is sharp. The previous O horizons are still quite easily recognisable.

Such a humus form cannot be called a ‘true’ lignoform, but rather a
humus form (e.g. a mesomull) with a WLsu or WLb horizon (see Figs. 15
and 16).

This situation is mainly related to woody material (i.e. WLp hor-
izon) freshly arrived on an already existing humus form. In a general
way, the presence of a buried WL horizon can also be mentioned in a
lignoform description (for example, Endodryo(-lignoform) with a WLb
horizon).

Woody material present in a WL horizon is not altered enough to
significantly release components directly into the soil. That kind of
horizon will essentially have a physical influence on the underlying
substrate.

4.4.3. Distinction between lignoforms and other humus forms
The distinction between a lignoform and another humus form can

easily be made with the identification of at least a WF and/or WH
horizon. Like the decay progress in such a horizon, various components
can be released into the surrounding environment (under the effect of
the precipitation, fauna, flora, etc.) (Russell et al., 2015). These com-
ponents can induce strong modifications in the underlying substrate,
which finally lead to the structuration and presence of new horizons
(roughly defined as ‘lignic forest floor’ by Brais and Drouin (2012)), as
well as the establishment of an adapted and specific flora and fauna
(Bunnell and Houde, 2010; Van der Wal et al., 2013).

4.4.4. Lignoforms
Below are shown the ‘true’ lignoforms from some real cases ob-

served in the field. These lignoforms are mainly organised according to

Figs. 15 and 16. Schematic section of fine (left) and coarse (right) woody debris freshly arrived on an already existing humus form (left: Dysmull; right: Eumacroamphi).

Figs. 17 and 18. Schematic sections of two different Epiceno-lignoforms made of coarse woody debris.
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the position of the woody horizons (buried or surface horizons), as well
as the presence of and the ratio between the WF and WH horizons.

4.4.4.1. Epiceno(lignoform). This is a humus form with at least a WFsu
and/or WHsu horizon and without a buried W horizon. There is a clear
and sharp transition between the W horizon and the other horizons and
an absence of a ‘ω-’ horizon at the interface between W horizon and the
underlying substrate. The previous O horizons are still quite easily
recognisable (see Figs. 17 and 18).

This situation is mainly linked to the arrival of some already de-
composed woody material on a new substrate. The absence of ‘w’
horizon at the transition between the woody material and the under-
lying substrate, as well as the sharp transition with the other horizons,
are indicative of the ex situ degradation of the woody material, which

was moved afterwards.
By the special and specific physicochemical composition of wood, a

single altered W horizon (WF and/or WH) is already enough to strongly
influence the soil and the humus form features and to encourage it
progressively in the direction of lignoforms.

4.4.4.2. Epihebe and epipresby(-lignoform). This is a humus form with at
least a WFsu and/or WHsu horizon and without a buried W horizon.
The transition between the W horizon and the other horizons is not as
clear and sharp as in Epiceno(-lignoform). The presence of a ‘ω-’
horizon is located most of the time at the interface between the W
horizon(s) and the underlying horizons. The absence of a ‘ω’ horizon is
possible, but in such a case, the transition between WFsu or WHsu and
the underlying substrate is progressive (not as sharp as in Epiceno

Figs. 19 and 20. Schematic sections of an Epihebe-lignoform (left) and an Epipresby-lignoform (right) made of coarse woody debris. A ω horizon is present, acting as a transition between
the pWFsu horizon and the underlying (compacted) holorganic horizons.

Figs. 21 and 22. Schematic sections of two different Endodryo-lignoforms made of coarse woody debris. The right one presents an accumulation of anthropic woody material, creating
thus a discontinuity with the underlying type of wood (signalled here by the Roman numeral ‘II’).
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(-lignoform)). The previous O horizons are still recognisable but not as
easily as in Epiceno(-lignoform) (see Figs. 19 and 20).

If the cumulated thickness of WHsu horizon ≥ WFsu, the lignoform
is called Epipresby(-lignoform).

The surface W horizons begin here to be enough altered in situ (in
most cases) to establish a true connection between themselves and the
underlying substrate (through the presence of a ω horizon). This fa-
cilitates the potential exchanges and movements of organisms between
these two compartments (Bunnell and Houde, 2010).

Epihebe(-lignoform) is often linked to a mainly in situ degradation
of the woody material, whereas Epipresby(-lignoform) corresponds
rather to the following of the woody material decay, probably strongly
decayed ex situ before its arrival on a new substrate.

Due to its surface-to-volume ratio and a generally quite low cohesion,
a WHsu horizon tends to be more easily leached than a WFsu horizon
and may thus influence its surrounding environment more strongly.

4.4.4.3. Endodryo(-lignoform). This is a humus form with the presence
of at least one WFb horizon and the absence of a WHb horizon.

While the characteristic feature of these types of lignoforms is the
presence of a buried woody horizon, they could nonetheless have some
quite thick surface woody horizons. As this system of classification is
mainly based on buried horizons, such surface horizons are not always
useful for naming humus forms but they can, however, be noted during
the description. Depending on the context of the study, the attribution
of a ‘double name’ to a single lignoform may also be considered (see
Figs. 21 and 22).

Although this humus form and Endoglypho and Endomalaco
(-lignoforms) could be linked to a sudden burial of woody material,
they are more likely to be the result of a progressive incorporation of
woody material under the effect of various factors (see § 3.1.2
Influencing factors).

Even if all these lignoforms have buried woody horizons, they

Figs. 23 and 24. Schematic sections of two different Endoglypho-lignoforms. The left one originates mostly from fine woody debris, the right one is almost completely hidden by the
arrival of fresh litter.

Figs. 25 and 26. Schematic sections of two different Endomalaco-lignoforms. The left one originates from coarse woody debris and is covered by the arrival of fresh new material (a
discontinuity between these two different types of wood is shown by the Roman numeral ‘II’). The right one originates from coarse woody debris and a new OL and OF horizon are already
developing on it.
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probably have distinct but complementary ecosystemic roles, especially
regarding specific flora and fauna, soil quality or even more roles in the
carbon cycle (see § 3.2 Roles of deadwood in ecosystems).

4.4.4.4. Endoglypho(-lignoform). This is a humus form with the
presence of continuous WFb and WHb horizons. The thickness of the
WFb horizon (or cumulated thicknesses, if several WFb horizons) is
greater than the thickness of WHb horizon(s) (see Figs. 23 and 24).

4.4.4.5. Endomalaco(-lignoform). This is a humus form with the
presence of at least one WHb horizon. If one or more WFb horizons
are also present, the thickness of the WHb horizon (or cumulated
thicknesses of WHb horizons) is greater than or equal to the thickness of
the WFb horizon(s) (see Figs. 25 and 26).

4.4.4.6. Bothrio(-lignoform). This is a humus form with WFsu and/or
WHsu horizons linked to cavities in a living tree or other snag (and thus
distinct from Epiceno, Epihebe and Epipresby(-lignoforms)) and
clearly delimited in space. Such humus forms are generally located
higher than breast height (130 cm) (see Figs. 27 and 28).

Due to its special and protected position, such a lignoform is likely
to host very specific flora and fauna (vertebrates and invertebrates),
(see e.g. Aubert de La Rüe et al., 1954; Lindo and Winchester, 2007).
This type of humus form could be easily related to the concept of sus-
pended soils discussed for example by Paulian (1988) or Gobat et al.
(2010).

4.4.5. Overview of the different humus forms linked to deadwood
Table 4 summarises the different humus forms linked to deadwood

and their horizons.
Although this information may reflect what is most of the time

found in the field, many cases may differ considerably (e.g. buried

woody material resulting from a fall from an elevated situation, from a
landslide. etc.).

5. Conclusion and prospects

Deadwood has already been the subject of many studies, but these
studies have rarely also taken the humiferous topsoil into account (see §
1. Introduction). Therefore, the way in which deadwood is considered
here − i.e. linked to humus forms and more especially to lignoforms −
opens a door to a quite unique field of research.

Although more data are needed to better understand the spatio-
temporal dynamics of lignoforms, the classification established here
may be seen as quite universal from a static (non-dynamic) point of
view. We believe that this classification provides a valuable and valid
tool, particularly since (i) it can easily be integrated to the already
existing habits of pedologists (horizons, prefixes and suffixes, etc.),
(ii) the description performed in the field is self-sufficient but can
nevertheless (iii) be complemented by laboratory analyses, and (iv) this
system can be considered universal, since it can be applied and
adapted to all cases encountered in the field. Applying this metho-
dology and classification will initiate a better understanding of these
atypical humus forms and their dynamics. Better knowledge of ligno-
forms will gradually lead to being able to place them in a broad and
complex ecosystemic context. This will help to protect lignoforms and
their various ecosystemic services, especially those linked to the
carbon cycle.

As they are fairly recent, the various concepts set out here need to
be complemented and clarified with new data acquired through ob-
servations and experiments in the field. Here are some research ques-
tions, grouped by main topics, the answers to which could prove very
informative:

Figs. 27 and 28. Schematic section of two different Bothrio-lignoforms and their position in a living (left) and dying (right) tree. They are located in the hollow of a branch and in the
cavity of a tree dug by an animal.
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5.1. Time-related processes

– What are the dynamics in space and time (at different scales) of the
different humus forms linked to deadwood?

– Is it possible to link different residence times with different types of
lignoforms? Such knowledge could be acquired for example by fol-
lowing different CWD from their arrival on an already existing
humus form to the establishment of a lignoform, with the pro-
gressive incorporation of the woody material into the soil (dia-
chronic approach).

5.2. Environmental factors

– Are there main pathways concerning the creation and evolution of
lignoforms? For example, depending on the substrate (e.g. calcar-
eous versus siliceous), on the type of tree (e.g. in temperate climate:
hardwood versus coniferous softwood) or on the hardness of the
wood?

– To what extent can an already existing humus form influence the
establishment and evolution of a lignoform when new woody ma-
terial arrives?

– What really are the effects of the various environmental factors
mentioned in § 3.1.2 (Influencing factors) on the creation and evo-
lution of lignoforms?

5.3. Applications and limitations

– What is the role of these different lignoforms in the carbon cycle in
terrestrial ecosystems? Do the quantities of carbon stocked in the
soil change significantly depending on the tree species, the type of
lignoform, etc.?

– With a view to using lignoforms in conservation and other biodi-
versity monitoring projects: What are the specific flora and fauna
linked to each different lignoform?.

– How to deal with ‘limit cases’? For example, lignoforms in terrestrial
wet places, with the arrival of deadwood on peat, charcoal, etc.

Another point not really considered here is the well-known visible
characteristic of the decay structures of deadwood caused by fungi.
They are generally distinguished in three types: white rot, brown rot
and soft rot (Baldrian, 2008; Kubicek, 2013; Kuhad and Singh, 2013).
Only white and brown rot are of great interest for their capacity to
deeply decompose deadwood from the sapwood to the heartwood (Van
der Wal et al., 2013). These two structures are quite easily recognisable,
from bleached, spongy fibres (white rot, affecting mainly hardwood
species) to brown, brittle, cube-shaped or powdery pieces of wood
(brown rot, affecting mainly softwood species) (Kubicek, 2013). Fur-
thermore, a recent study highlighted a simple method to confirm the
presence or absence of these structures, using dilute alkali solubility
(DAS) and mass loss measurements (Schilling et al., 2015). Considering
the predominant importance of fungi in wood decomposition (Boddy
et al., 2008; Cornwell et al., 2009), taking into account these structures
as proxies for a type of biotic decomposition process could greatly
improve the description of lignoform horizons.

Much data are needed to provide answers to these questions
and to optimise the lignoform classification system. To this end, the
creation of a database would be appropriate. In addition to the mac-
roscopic features observed in the field, this database could also include
elements such as the pH of the different horizons, CHN contents, col-
orimetric data, isotope measurements, images, results of thin sections,
etc.

For more information, please see the website of the DACH-DecAlp
project: http://www.decalp.org/
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