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Introduction 
Woody debris, in the form of standing dead trees (snags), fallen 
logs, and large branches, forms a major structural feature of many 
natural forest and stream ecosystems (Figure 1.). There is an 
increasing awareness that it performs many important ecologi- 
cal functions: acting as habitat for organisms, playing a part in 
energy flow and nutrient cycling, and influencing sediment trans- 
port and storage (Harmon & Hua 1991, Samuelsson et al. 1994). 
Despite its functional importance, the quantity and dynamics of 
woody debris have been described for few forests, and most of 
these from the northern hemisphere. In New Zealand,anthro- 
pogenic influences (e.g., timber harvesting, introduced browsing 
animals) are modifying the quantity and dynamics of woody 
debris in indigenous forests. This may be having important con- 
sequences for ecological processes that drive changes in these 
forests. To address the lack of information on woody debris in 
southern hemisphere forests, and the way it is being modified, 
has resulted in several recent studies (eg., Stewart & Burrows 
1994, Allen et al. 1997). In this article we summarise what is 
known about woody debris in our indigenous forests, discuss the 
likely impacts of its removal from forest ecosystems, and out- 
line some of the key areas in need of research. 

Woody debris mass in New Zealand 
indigenous forests 
We have summarised the available published information on 
woody debris in New Zealand forests in Table 1. What is irnrne- 
diately apparent is that we have data for only a few forest types, 
and most of this is from a handful of studies in beech forests. 
There are apparently no data, for example, from lowland 
podocarp forests or the giant kauri forests of the far north. In old- 
growth forests dominated by large red and silver beech trees the 
biomass of woody debris can be considerable, in the order of 150 
to 300 Mg ha-' for forests of north Westland (30 to 34% of total 
above ground biomass). If these amounts are typical of our forests 
then the woody debris component is unusually high compared 
to northern hemisphere temperate hardwood forests and 
approaches that of northern hemisphere conifer forests. The high- 
est amounts of woody debris so far recorded were in old-growth 
rata-kamahi-totara forests of central Westland (Table 1). This is 
partially the result of recent forest dieback (commonly attributed 
to possum browsing) but also because of slow decay of the dense 
and durable rata wood. 

Clearly there is considerable variability in woody debris mass 
found in New Zealand forests (Table 1). At any one point in time 
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Figure 1. Down logs in red-silver beech forest, Maruia Valley, north 
Westland. Photo: New Zealand Forest Research Institute 

the amount of woody debris at a site will depend on the balance 
between (1) rate of input and (2) rate of decay, these in turn being 
influenced by factor; such as the disturbance regime, stage of 
stand development, substrate (wood) quality for decomposer 
activity, the decomposer communities present, and climate. The 
differing disturbance regimes of red-silver beech and mountain 
beech forests provide an interesting contrast in the quantity and 
dynamics of woody debris. In red-silver beech forests charac- 
terised by small-scale gap regeneration, rates of woody debris 
input vary markedly (Figure 2.) but these forests contain large 
and persistent stores of woody debris (red beech logs may remain 
on the forest floor for up to 150-200 years, Stewart and Burrows 
1994). In contrast, because mountain beech forests often regen- 
erate in even-aged stands after catastrophic disturbances large 
amounts of woody debris is only a feature of young stands and, 
for no more than the first century of development (Table I). These 
differences have major implications for nutrient cycling during 
stand development and will be discussed below. 

In red-silver beech forests, the large mass of red beech woody 
debris can be partially explained by the differences in decom- 
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position rates of logs that may be due to differences in fungal 
composition of the red and silver beech logs (Stewart &Burrows 
1994). Slow decay of red beech can be attributed to the presence 
of brown-rot fungi that degrade only cellulose, increasing the pro- 
portion of decay-resistant lignin as decay proceeds. Conversely, 
this may also account for the rapid decay of silver beech which 
is readily colonised by white-rot fungi capable of both lignin and 
cellulose decay (Gilmour 1965). It is likely that decomposer com- 
munity composition (and therefore decay rate) will vary not only 
with substrate type (as in this example) but will also vary with 
climate. It would be intriguing to know if decomposer commu- 
nities and hence decay rates in red beech, for example, are sim- 
ilar under different climates. 

Woody debris as a store of nutrients (including 
carbon) 
Carbon and nutrients stored in woody debris can be a significant 
component of the total stand nutrient pools (Harmon et al. 1986). 
There have been very few New Zealand studies characterising 
the proportion of forest stand carbon in woody debris. Yet this 
information is essential for developing carbon budgets for forests 
under international obligations such as the Framework Conven- 
tion for Climate Change (FCCC). Recent estimates of carbon 
storage in New Zealand's indigenous forests have not incorpo- 
rated carbon stored in woody debris (e.g., Tate et al. 1997). No 
published study has compared the major nutrient pools for live 
and dead wood components of the forest. Although nutrient con- 
centrations in woody debris are low compared to other detrital 
inputs (e.g., foliage), nutrient storage is high because of the large 
amounts of woody debris present in forests. Low nutrients, in 
combination with the high carbon content of woody debris, 
means it is a poor substrate for decomposer activity. Thus, woody 
debris can be important in regulating nutrient cycling. Natural 

disturbances deposit a large amount of poor quality substrate on 
the forest floor . This can have a major influence on the immo- 
bilisation of nutrients such as nitrogen in woody debris (Zim- 
merman et al. 1995). Removal of logs (e.g., by timber harvesting) 
could reduce irnmobilisation potential and increase leaching of 
nutrients at the critical stage of seedling development. There are 
in fact very few studies that have linked the cycling of nutrients 
between dead and live biomass. In a New Zealand example, after 
catastrophic disturbance in mountain beech forests, there is a 
large store of carbon and nutrients in woody debris and very lit- 
tle in live biomass (Allen et al. 1997). During stand development 
there is a progressive movement of nutrients (e.g., Ca, Mg) from 
woody debris into the soil, from where these nutrients are taken 
up and sequestered in aggrading live biomass (Allen et al. 1997). 
As the amounts of woody debris decline (Table I), and the live 
biomass increases. there is a decline in soil nutrient availabilitv. 
This decline may be a factor contributing to decreased 
tivity as stands age (Gower et al. 1996). 

Woody debris and the maintenance of diversity 
Woody debris at various stages of decay contributes to a high 
level of habitat heterogeneity. In particular, the incidence and 
characteristics of logs and snags appear crucial for the mainte- 
nance of populations of many plant and animal species. For 
example, the threatened long-tailed bat (Chalinolobus tubercu- 
latus) selects roost sites in beech forest snags based on the num- 
ber of cavities, trunk surface area, and canopy cover (Sedgeley 
& O'Donnell in press). In south Westland, O'Donnell and Dilks 
(1986) found that scattered standing dead trees were vital to kaka 
(Nesfor meridionalis) who used them for foraging for inverte- 
brates. Many studies have shown the importance of logs on the 
forest floor for the establishment, growth, and survival of tree 
seedlings (June & Ogden 1978, Stewart & Rose 1990). One rea- 
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