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Death and Decay: A Vital Part of Living Canopies

Abstract

Waood decay is a significant ecological process affecling Northwest forest cancpies. Slanding dead trees (snags) and partially
decayed living trees offer five primary functions in the forest canopy: they increase structural diversity, alter canopy microenvi-
ronment, promoete biological diversity. provide critical habitat for wildlife, and act as storehouses for nutrient and organic marter
recycling agents. In this paper we do not discuss traditional measurement of wood decay in the canopy as a silvicultural loss of
standing timber, but review current literature of forest ecology and define woed of dying and dead trees as an important compo-

nent of the aboveground ecosystem.

Introduction

In the last two decades, considerable research has
helped elucidate the role of “dead and down™ wood
in forest ecosystems {(Graham and Cromack 1982,
Erickson et al. 1985, Harmon et al. 1986, Sollins
etal. 1987, Means et al. 1992). Earlier, in his classic
pioneering work on the subject, The Pattern of
Animal Communities, Charles Elton stated that
the wood of dying and dead trees provides one of
the greatest resources for animal species in natu-
ral forests (Elton 1966). In temperate forests, Elton
estimated if fallen timber and slightly decayed
trees are removed from the system “the whole
system is gravely impoverished of perhaps more
than a fifth ot its fauna.” Although insightful for
the era, Elton’s appruaisal of the importance for
this ecosystem component likely falls short. Even
with our current understanding of ecosystem func-
tion, we cannot adequately assess consequences
to the system of having decayed and dead trees
removed or not available (i.e., through several
forms of forest management).

The wood of dying and dead trees helps to vary
the pattern ot forest communities, not only on
the ground but also at all levels of the canopy,
Many organisms share dependence on the wood
of dying and dead trees, but little is known of
their inter-dependence and how they interact within
the larger systemn. The general stages by which
standing timber is invaded by insects and fungi
are well known from the extensive work of for-
est entomologists, pathologists, and mycologists,

but little eftort has been applied to clarifying the
ecosystem function of the standing dead. Research
efforts presumably have been hindered not only
by the difficulty of safely working in standing
decaying trees, but by the inherent complexity of
the effects. Generally, ecologists have underesti-
mated that the way trees die can markedly influ-
ence several ecological processes.

Decay of a tree progresses until, ultimately,
itsresidues are fully integrated into the soil. Stand-
ing dead trees may be susceptible to windthrow,
which uproots the tree, or to bole breakage close
to the ground that prostrates the entire bole. Just
as frequently, much of the decay process takes
place while the tree is standing and an integral
part of the living canopy (Graham and Cromack
1982). Living trees with partial decay may re-
main upright for decades. their dead, decaying
branches intermingling with living branches
{Figure 1).

Distribution and Causes of Dead Wood
in the Canopy

Much of the decayed wood in canopies is within
the main bole and stems of live trees. This
“heartrot” can account for 20% or more of the
total volume of wood in a stand of trees. As a
function of stand age, older stands have more decay
as a total percentage of the volume (Childs and
Shea 1967, Aho 1977). When estimating for tim-
ber production, a measure of annual volume growth
increment 1s calculated; from that amount is
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Figure 1. Dead boles and branchees are un integral part of
the living canopy.

subtracted the increasing increment of defect
caused by heartrot fungi to get a realistic esti-
mate of volume growth. At some point in the life
of trees the increment produced by annual growth
equals the amount of wood destroyed by heartrot
fungi. This point is a theoretical age of maximum
volume of merchantable wood. It is referred to
as the “pathological rotation age™ (Manion 1981).
For obvious reasons, the timber producers aim to
harvest the stand long before this point is reached.
Intensive management involving even-aged, short-
term rotations, harvests trees while wood decay
in the canopy is minimal.

Dead wood is not randomly distributed across
the forest canopy. Incidence of wood decay has
been correlated with stand age, climatic zones
(Setliff 1986}, elevation and soil type (Hobbs and
Partridge 1979}, and habitat type (Byler et al. 1990).
Some disturbance agents may cause wide-scale
mortality throughout a forest landscape, but cer-
tain insects, parasitic plants, and root and stem
fungi affect patches of trees and exhibit spatial
patterns that are aggregated or clumped in the forest
canopy (Knight 1987, Geils 1992).

Fire may be a major contributor to subsequent
canopy tree decay. Trees are fire-killed directly

by stem girdling, crown scorching, and burning
of the root systems. Trees can be fire-killed indi-
rectly through basal wounds. Wounding events
such as fire scars, broken tops. or other stem in-
juries create infection courts for stem- and root-
decay organisms. Trees respond to wounding and
infection by compartmentalizing the infection and
wounds, which can result in hollow or soft inner
cores and hard outer shells after many years. This
“hard outer shell and soft core™ is critically im-
portant to cavity-nesting vertebrates. This pro-
cess of compartmentalization helps trees limit wood
decay (Shigo and Marx 1977),

Wood-boring arthropods also may initiate the
decay process or act as secondary agents of de-
cay. Repeated defoliation of conifers can cause
mortality, or weaken trees and allow successful
attack by secondary bark beetles (Wickman 1978).
Healthy trees also can be killed by insects that
came from adjacent trees killed by fire, insects,
or root diseases (Furniss 1936, Childs 1960).

Perpetual natural thinning of trees growing in
subordinant canopy positions is known as sup-
pression mortality. Natural senescence of all sizes
of branches, especially in mature trees, translates
to a large biomass of dead and decaying wood
located in the cunopy (Pike et al. 1977).

The Decomposer Community

Wood is a bulky, spatially determinate resource
that decomposes slowly relative to most plant litter;
it takes on average 15-20 years for small (>5-cm
diameter) branches and over 300 years for large
trunks to decay in temperate forests (Boddy 1992},
As wood decay organisms colonize and use wood
they encounter continually changing conditions,
e.g. an increase of porosity, decrease of apparent
density. and so forth. The changes may, in turn,
affect the activity and development of the decom-
poser community (Yoneda 1975).

Dying and dead wood in the canopy is bro-
ken-down by the combined action of the decom-
poser community, which is composed predomi-
nately of micro-organisms (bacteria and fungi)
and invertebrate ammals (Kiédrik 1974, Swift
1977). These organisms *“feed” on the dead wood,
using its carbon, and other nutrients for their own
growth and development. Eventually the decom-
posers die, their carcasses become integrated with
the dead wood, and they are acted upon by other
decomposers.
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As with successional changes in seed plant
communities, directional trends in the decomposer
community are associated with wood decay in
forest canopies (Hudson 1968, Blanchette and
Shaw 1978). Much is known of the substratum
succession of decay organisms in the dead and
down tree (Swift 19824, Swift 1982b. Harmon et
al. 1986). but the studics of decay organism suc-
cesston in canopy wood has lagged far behind,

Five Primary Functions of Decaying and
Dead Trees in Forest Canopies

Five primary functions of aboveground decay-
ing wood in the forest system are to increase struc-
tural diversity, alter canopy microenvironment,
promote hiological diversity, provide critical habitat
for wildlife, and act as a storehouse for nutrient
and organic matter recycling agents. These func-
tions are highly correlated with complex interac-
tions but will be discussed separately in the fol-
lowing text.

Increase Structural Diversity

The structure provided by boles and branches of
trees that are dead, decaying, or both is a distinc-
tive and dynamic feature of the canopy (Figure
2). Stand structure is altered by canopy gaps caused
by the partial or complete mortality of an indi-
vidual tree or group of trees.

The lag lime between tree death and the onset
of fragmentation is influenced by species, size,
microclimate, and type of mortality (Harmon et
al. 1986). Lag times lor snags to begin falling are
reported to be <3 years (Harmon ct al. 1986).
Hennon et al. (1984, 1990) found that some Alaska-
cedar (Chamaecyparis nootkatensis (D. Don)
Spach) snags were persistent in forest canopies
of southeastern Alaska for over 100 years,

Decay of boles differs from that of small
branches and twigs. The bole is a denser substrate
and is likely to house a different cormmunity of
organisms than the fine twigs and small branches,
which are less dense and have a greater surface
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Figure 2. Various stages of tree decay provide dynamic diversity in canopy structure
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area than the wood of the bole. Most studics of
canopy biomass seem to ignore the dead wood
compoenent—either ignore that it is dead or sim-
ply omit dead branches from the sample. In one
old-growth stand (>400 years), the biomass of
dead twigs in the canopy of living trees was equal
to roughly 18% of the total twig biomass and about
one-third of the needle biomass (Pike et al. 1977).
Even more surprising, dead twigs represented 47%
of the total twig surface area.

Alter Canopy Micrognvironment

The microenvironment within the vertical pro-
file of the canopy is controlled to a large degree
by the structure of the canopy. Death of whole or
partial tree crowns plays an important role in de-
fining the nature of that structure. Gaps in the
living canopy also alter its structure by varying
the patterns of light, moisture, wind, and thermal
properties (Oliver and Stephens 1977, Oliver and
Larson 1990). These gaps also increase the het-
erogeneity or “roughness” of the upper canopy,
which creates a broader gradient of light, tem-
perature, and humidity. In rough, deep, canopies
of older forests in the Pacific Northwest the di-
verse forest microclimate is reflected in the ver-
tical distribution of epiphytes (McCune 1993).

Patches of dead trees within old-growth stands
provide habitat for wildlife that require grass-forb
or shrub conditions for reproduction and feed-
ing. Immense tree mortality may be disadvanta-
geous 1o deer and elk, however. because of loss
of canopy cover traits. Under full canopy cover,
the animals are less subject to extremes in tem-
perature, solar radiation, windspeed, humidity, rain
throughfall, snow accumulation, predation, and
human disturbance (Witmer et al. 1985).

FPromote Biclogical Diversity

Dead and decaying wood provides an exceptional
environment in the forest canopy. On a stand scale,
even small modifications to canopy structure may
allow previously nonresident species to grow and
occupy a niche. On a smaller scale, the special
microenvironment caused by dead and decaying
wood contributes to the life support system for
many canopy-dwelling microorganisms, invertc-
brates, birds, mammals. and plants.
Wood-attacking fungi are mainly basidi-
omyceies (Hawksworth et al. 1983), although some
ascomycetes and other fungi may be prescnt and

attack cellulose or other substrates (Hudson 1968).
Although fungi act as the main agents of wood
decomposition, other organisms also use rotting
wood. These include bacteria, yeasts, myxo-
mycetes, and inverlebrates, particularly insccts
but also oligochaetes, mites, and nematodes
(Harmon et al. 1986). Their major influence is in
interacting with mycelial fungi. which can alier
community structure, community dynamics, and
rates of decay. These interactions may be direct,
as with grazing of fungal mycelium, antibiosis,
and nutrient competition, or indirect, by operat-
ing through alterations to the wood substratum
and microclimate (Boddy 1983).

Invertebrate use of and dependence on canopy
dead-wood is well known to entomologists. By
chewing, ingesting, and excavating, invertcbrates
create a dust that decays more rapidly than the
original wood because of an increased surface-
to-volume ratio (Ausmus 1977, Harmon et al.
1986). Depending on the species, invertcbrates
either transport these particles from the wood or
leave them inside. The galleries made by inver-
tebrates allow microbes to colonize dead wood
more rapidly (Ausmus 1977, Swift 1982a). Some
invertebrates are fungivorous, and the decomposer
fungl produce abundant resources for grazing.
Furthermore, invertebrates are an important food
source for vertebrates, such as bears and birds,
that fragment the material while foraging (Almack
1985, Beckwith and Bull 1985).

In the Pacific Northwest, more than one hun-
dred species of wildlife depend on snags for habitat
{Thomas et al. 1979, Neitro et al. 1985). The list-
ing includes representatives from all classes of
terrestrial animals. The dependency of these spe-
cies on trees that are dead, decaying, or both ranges
from absolute to incidental, but for some species
the presence of dead trees can spell the ditfer-
ence between local extinction and the perpetua-
tion of existing populations (Thomas et al. 1979,
Neitro et al. 1983).

Dead wood also provides a unique canopy
substrate for plants. For example, some lichens
are associated almost exclusively with dead trees
or branches in the canopy. Members of the “pin
lichens,” in particular, are most often found us-
ing dead, bare wood versus bark as structural
habitat. Once this wood fragments and falls to
the forest floor, the lichens fail to thrive under
the new environmental conditions and die (B.
McCune, Oregon State University, pers. comm.).
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Stephen Sillett (Oregon State University, pers.
comm.) has observed dead wood in giant sequoia
(Sequoiadendron gigantea (Lindl.) Buchholz,)
acting as a stable substrate for epiphytes. Giant
sequoia has a bark that characteristically sheds
and flakes. In his survey of sequoia for epiphyics,
dead wood and old persistent seed-cones were
the primary areas where epiphytes were growing,

Provide Critical Habitat for Wildlife

As wildlife habitat, dead and dying trees func-
tion in a variety of ways (Table 1). Decaying wood
is particularly important to cavity-nesting birds
because wood decay in stems is an essential pre-
CUrsor to use by cavity excavators (McClelland
and Frissell 1975, Cline et al. 1980). Large trees
that contain heartrot before they die may be par-
ticularly important because they may be used by
primary excavators before and long after tree death
(Hennon and Loopstra 1991).

Recent findings by Akenson and Henjum (1994}
suggest that black bear in the Blue Mountains of
Oregon are intimately associated with canopy wood
decay. They report that of 23 den sites used by
radio-instrumented bears, 20 are tree-associated.
Among these, 10 are top entry into hollow cen-
ters. All 10 trees are standing and 6 are living.
The internal cavities within these trees resulted
from stem decay by fungi.

In the past, in intensively managed forests of
the Pacific Northwest. most snags were cut to
reduce safety and fire hazards, and to increase
the yield of woody fiber (Woodfin 1976). Cur-
rent recommendations {USDA Forest Service R6,
amendments to Forest Plans, 1994) for managed
forests include a broader approach to habitat
management for dead-wood-dependent wildlife
that retains snags and other woody debris.

Act as Storehouses for Nutrient and
Organic Matter Recycling Agents

The notion that down woody debris improves long-
term site preductivity by enhancing the nutrient
capital, water economy, and soil organic reserves
is well documented (Franklin and Waring 1980,
Maser and Trappe 1984). The concept that the
decomposition process is often initiated and de-
pendent on conditions in the canopy zone before
the fall of the material is often ignored.

The role of decay within standing trees asso-
ciated with cycling of nitrogen (N) is particularly
interesting from an ecosystem perspective. In the
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short-term, decaying trees may be a nutrient sink,
but over the long run they are a source of nutri-
ents (Harmon et al. 1986). For example, Harvey
et al. {1989) reported that N-fixing bacteria popu-
lations accompany common fungal-initiated wood
decay processes in living trees. Nitrogen fixation
was demonstrated in decay columns caused by
various tungi in several western conifers. They
used these data to approximate the nitrogen fixa-
tion potential in the forest ecosystems of north-
ern Idaho. Their calculations propose that the N
gains in decaying, live trees on northern ldaho
sites amount to between 0.06 and 4.91 kg/ha per
year and primarily depend on volume of decay
in live standing trees on site, Such large N gains
on some sites could equal or surpass the amounts
of N fixed in downed woody residues on forest
soils in the northern 1daho region (Jurgensen et
al. 1989).

Wood decay fungi can be grouped into two
calegories according to the way in which they
decay wood. These two groups are referred to as
white rot fungi and brown rot fungi. White rot
fungi have cellulase and lignase enzyme systems
that enable them to degrade all components of
woody cell walls. Most of these fungi apparently
remove the lignin and polysaccharides at about
the same rate (Gilbertson and Ryvarden 1986).
White rot fungi eventually decay wood completely,
and white rot residues are not stable components
of forest soils.

Brown rot fungi selectively remove cellulose
and hemicellulose from wood. In advanced stages,
wood is reduced to a residue of amorphous, crum-
bly, brown cubical chunks composed largely of
only slightly medified lignin. Brown rotresidues
are extremely stable and are major organic com-
ponents in forest soil (Gilbertson and Ryvarden
1086).

Both white and brown rot fungi decay wood
in the canopy zone {(Hepting 1971). Brown rot
fungi may be particularly important organisms
in forest ecosystems of the Pacific Northwest.
Considering all wood-decaying fungi, species of
brown rot fungi are relatively few when compared
to numbers of species of white rot fungi (only
about 7%) (Gilbertson and Ryvarden 1986). Brown
rot fungi occur primarily on conifer wood. On a
geographic basis, brown rot fungi are primarily
distributed in coniferous forest ecosystems.
Gilbertson and Ryvarden (1986} suggested that
because fossil records indicate brown rot fungi




TABLE 1. Some uses of snags by sclected wildlife species {as modified from Neitro et al. 1985}
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Nesting Platlorms X X
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Plucking posts X
Singing of drumming X X X
{Ccommunicalion)
Food cache or granary X X
Location of courtship X X X
Overwintering sites X X X X X X
Roosting X X X X X X X X
Lookout posts X X X X X
Hunting and hawking perch X X X X
Fledgling site X x
Dwelling er dens X X
Loafing sites X X X
Nesting under bark X
Communal nesting or
nursery colonies X X
Anvil sites X
Thermally regulated habitat X X X X X X

were present about 300 million years ago during
the carboniferous age when the development of
woody gymnosperms began, brown rot fungi
evolved along with conifers and probably played
an important ecological role in the evelution of
coniferous forest ccosystens.

We know that, on the forest floor, brown rot
residues remain essentially unaltered in the soil
for hundreds of years. They may comprise up to
30% of soil volume in the upper layers, are ma-
jor sites of ectomycorrhizal development and
nonsymbiotic nitrogen fixation. may increase the
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water-holding capacity of the soil, ameliorate soil
temperatures, and increase the soil cation exchange
capacity (Gilbertson and Ryvarden 1986), The
extent of specialized roles that brown rot fungi
may play in the canopy zone is largely unknown.

Conclusions

Death and decay of woody components of tree
crowns, including heartrot of living stems, dead
branches, and dead trees, are important, functional
aspects of forest canopies that have been largely
ignored in forest canopy studies because of the
difficulty of access and quantification. Generally,
ccologists have underestimated that the way trees
dic can markedly influence numerous ccological
processes. Most study of this important resource
has been by wildlife biologists interested in habitat
associations, and by forest pathologists interested
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