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Introduction

Over the past decade, many research projects have been initiated by CRC for Forestry partners
Forestry Tasmania (FT), the Forest Practices Authority (FPA), the University of Tasmania
(UTas) and others, on coarse woody debris (CWD) and on tree hollows in Tasmanian forest
(particularly wet Eucalyptus obliqgua for CWD). Several of these studies have recently been
completed. The purpose of this workshop, attended by 16 participants (see Appendix 1), was to
review the key findings of CWD/old tree-related research done to date, specifically as this
research relates to management issues for CWD in the context of the multi-scaled (time and
space) nature of forest dynamics. It was intended that this in turn would help in the development
of appropriate management for CWD in Tasmanian forests. The workshop was timely in that the
biodiversity provisions of the Forest Practices Code in Tasmania are currently being reviewed by
an expert panel; it is hoped that this summary document will prove useful in their deliberations.

The philosophy of the workshop was expressed in a quote (from Huston MA 1996 Models and
management implications of coarse woody debris impacts on biodiversity. In “Workshop on
Coarse Woody Debris in Southern Forests: Effects on Biodiversity’ (Eds JW McMinn and DA
Crossley) pp 139-143. (USDA Forest Service, Athens, GA), which was used in the opening
presentation by Simon Grove and Tim Wardlaw:

“No other manageable property of the forest environment has a greater impact on biodiversity
than coarse woody debris. Even [timber] harvesting...probably has a greater effect on total
forest biodiversity through the alteration and removal of coarse woody debris than through its
effect as a disturbance that ‘resets’ forest succession™

The implication of this philosophy is that, if we can get our CWD management right, then
forestry will be that much more demonstrably ecologically sustainable. Doing so requires
management of the CWD supply — i.e. old trees, hence the inclusion of presentations on this
topic in the workshop. In essence, while recognising that timber harvesting removes future
CWD, the ‘ideal’ harvesting disturbance would emulate natural disturbance in terms of its effects
on CWD dynamics.

The opening presentation also ran through Forestry Tasmania’s ‘coarse woody debris research
package’. Initiated in 2002, the ‘package’ was identified, as being an important means of filling
a big gap in our understanding of how the native production forests ‘ticked’, and funding was
approved by FT’s executive accordingly. The package was aimed at conducting, or facilitating
the conduct of, research on the dead wood resource, its biodiversity and its management, with a
view to then applying the research outcomes in the context of sustainable management of the
CWD resource.

The workshop was divided into two broad themes (see Appendix 2 for details), plus a synthesis.
The first section considered the living trees that provide CWD, while the second considered
CWD itself.

Presentation summaries

Part | — living trees

Tim Wardlaw: stem decay in young regrowth eucalypts
Tim presented first, by outlining some of the findings from his doctoral research on the
development of internal decay in young regrowth eucalypt trees. Nearly all the infection courts /



decay columns that Tim observed were derived from branch-shedding, with larger branches (i.e.
those more prevalent on older trees) having a greater probability of initiating rot. At this young
age, most of the internal decay was caused by white-rot fungi, whereas in older trees the brown-
rotters are more prevalent. Tim’s work demonstrated that E. obliqua regrowth seemed to be
particularly decay-prone, and that it would be feasible to reduce the incidence of this sort of
decay in managed stands through prudent thinning and perhaps pruning. Tim felt that this
wasn’t as critical an issue (for hollows and CWD) as it sounds, for three reasons. First, it is not
apparent that the white-rot decay process in young regrowth is a necessary precursor to the
brown-rot decay process in older trees; it is this latter process that seems to prime hollow
formation and the development of some of the key rotten wood types found in CWD. Second,
many of the most white-rotted regrowth trees are those that eventually succumb to self-thinning
anyway, so have little chance of becoming the large old trees of the future. Third, active pre-
commercial thinning is expensive and operationally unfeasible in many regrowth stands.

Anna Hopkins: decay process and fungal biodiversity in older eucalypts

Anna’s presentation on her doctoral research following on from Tim’s was a logical progression,
since it focused on the decay process and fungal biodiversity in older eucalypts and the logs
derived from them. She demonstrated that trees in her younger two age-classes (69 and 105 years
old) possessed similar assemblages of wood-rotting fungi and rotten wood types (including a
higher proportion of white-rot derived types). By contrast, trees in her oldest age-class (>150
years, probably nearer 250) had somewhat different assemblages and a fuller array of rotten
wood types (including a high proportion of brown-rot derived types). Tree age was correlated
with fungal species richness, although much of this could be attributed to larger amounts of
wood being sampled from older trees. Once this was factored out, the younger trees actually
appeared richer in species than the older ones. In the multi-aged forest in her study site at Warra,
the youngest trees were suppressed by older trees, so may have had an unusually high amount of
decay for their age. Anna speculated that some of these younger trees may die prematurely
because of suppression, and so may contribute an intermittent supply of CWD to the CWD pool
between major disturbance events (i.e. wildfires). She also speculated that non-stand-replacing
wildfires may initiate hollow and brown rot formation in those trees that survive a wildfire but
are damaged by it; many older trees in the study area had fire-scars. Anna also studied the nature
of the wood-rotting fungus assemblages in Eucalyptus obliqua logs that had been studied by
Yuan Zi-Qing. She found that there were differences depending on log size (large-diameter
versus small-diameter) as well as whether the forest had been harvested (40 years previously) or
not. Some of the fungus species and rotten wood types found in these logs were the same ones
that Anna had found in the old living trees. Anna speculated that many rotten wood types present
in logs may owe their existence to rot initiation in living trees; hence smaller-diameter logs
(derived from rot-poor younger trees) may start life with only a subset of the rotten wood types
present in larger-diameter logs (derived from rot-richer older trees).

Kate Harrison: saproxylic beetles and their associations with rotten wood

Kate studied the same trees for her doctoral research as Anna Hopkins, but focused on the
saproxylic beetles and their associations with rotten wood. In this presentation (given by Simon
Grove, in Kate’s absence), many of the patterns in species richness and assemblage composition
with tree age were the same as those found for fungi by Anna. Despite finding close to 400
species, the study demonstrated that one would have to sample many more trees to get a
reasonable estimate of the extent of the local species pool. Different rotten wood types were
found to harbour different beetle assemblages to some extent. Older trees (>150 years old)
supported a greater proportion, and number, of obligately saproxylic species than did younger
trees. Most of the species associated with older trees were trunk-dwellers; for many beetles, it
seems that young trees are equivalent to the branches of older trees. At least 12 per cent of the



saproxylic beetle species in Kate’s study cannot fly, raising issues about how such species may
disperse if the density of trees with suitable habitat features lessens through forest management
activities. As yet, these issues remain unanswered.

Sarah Munks: tree hollows and their dependent fauna

Sarah then gave a presentation on some of the research that she and others have conducted on
tree hollows and their dependent fauna. Since 35 per cent of Tasmanian mammal and 31 per cent
of Tasmanian bird species use tree hollows, they are important components of forest ecosystems.
Current or recent research is examining the hollow requirements of swift parrot (Matt Webb,
Threatened Species Section (TSS)), masked owl (Michael Todd, TSS/FPA) and brushtail possum
(Lisa Cawthen, UTas/FPA). One of the aims of the latter study was to investigate methods that
could be used to assess the use by fauna of hollow-bearing trees retained in production forests.
By radio-tracking possums, Lisa has begun to reveal some of the behavioural traits that may
explain the extent to which denning is constrained by the patchy distribution of hollow-bearing
trees in production forestry landscapes. Sarah reported in more detail on recent research in the
drier forests of south-east Tasmania, in which an assessment of hollows had been made in 7,782
trees across 189 sites. Not surprisingly, larger trees with large branches and fire scars were good
predictors of hollow occurrence. The number of potential hollows was best explained by
vegetation type, topographic position, age of stand, amount of dead trees on the ground, the
average total basal area of all trees and the height of overstorey vegetation. A model developed
using a subset of these variables was coupled with geographic information system (GIS) data
(including photo interpreted (P1) -type data) to produce a map predicting the occurrence of tree
hollows throughout the study area. Sarah illustrated how, after ground-truthing, such a map
could be used to identify areas of high hollow abundance and to assess the implications of land-
use scenarios on the hollow resource at the landscape scale. The relationship between the
predicted number of hollows and the population densities of hollow-dependent species across the
study area remains to be resolved, at least in the Tasmanian context.

Amy Koch: tree hollows and their relation to coarse woody debris

The final presentation in the ‘living trees’ part of the workshop was by Amy, who ran through
some of her doctoral research findings on tree hollows and how this relates to coarse woody
debris in wet and dry E. obliqua forest. A significant aspect of this research is that the suite of
species that utilise tree hollows is considered a conservation priority under the Regional Forest
Agreement. Through examining trees before and then again after felling, Amy found that good
predictors of hollow abundance in individual trees were the presence of hollows visible from the
ground, tree age, tree diameter and the amount of dead wood in the canopy of the tree. She found
that trees were more likely to be used by vertebrate fauna if they contained large hollows. The
presence of large hollows was best indicated by the diameter of the tree and the amount of dead
wood. She also assessed the processes likely to have contributed to hollow formation, and
concluded that the dropping of limbs was the most important formative process, although
invertebrate borers, fire and fungi also contributed. She proposed that the relative lack of large
hollows in Tasmania was due to the relative lack of termites. Given that dead wood was one of
the strongest predictors for hollow availability and abundance (particularly large hollows), and
that a large proportion of the hollows examined appeared to be at least partially produced by
trees dropping branches, she concluded that trees likely to contain hollows suitable for use by
vertebrate fauna are also likely to be a good source of coarse woody debris.



Part Il - coarse woody debris

Marie Yee: associations between rotten wood types and saproxylic beetles

Marie reported on her doctoral research at Warra on the associations between rotten wood types
and saproxylic beetles inhabiting logs in an intermediate decay stage. These are the same logs
used for simultaneous studies of fungal assemblages by Yuan Zi-Qing, as described by Anna
Hopkins. She found that larger-diameter logs (i.e. those derived from old trees) possessed a
wider array of rotten wood types than smaller-diameter logs (i.e. those derived from smaller,
‘regrowth’ trees). The larger-diameter logs seemed to be decaying primarily from the inside
outwards, a process that was rare or absent in most smaller-diameter logs (in which decay was
more noticeably from the outside inwards). Marie’s interpretation of these patterns is that the
larger-diameter logs had inherited their inner heartwood rotten wood types (and some
components of the associated fungal and invertebrate assemblages) from the old trees that gave
rise to them some decades previously. In contrast, the rots and assemblages found in smaller-
diameter logs would have largely arisen after the trees had fallen (since they would not have
been extensively rotted prior to falling). While diverse assemblages of saproxylic beetles were
found in all logs and across most rotten wood types, Marie detected particularly clear
relationships between some of the inner heartwood rotten wood types and some distinct
assemblages of saproxylic beetles. Probably because of their association with these particular
rotten wood types (such as mudguts), such species were seldom found in the smaller-diameter
logs. Marie also found that there were some species for which outer heartwood white-rots (and
hence smaller-diameter logs) were the preferred habitat, although they were few in number. The
species found in inner heartwood rotten wood types are currently common in the study area.
However, most have close relatives in Europe that were once common in similar habitats
(according to the palaeoecological record) but which are now threatened with extinction or
already regionally extinct, presumably because of the scarcity of large trees and logs (mudguts
itself is now a rare habitat in Europe). Marie inferred that mudguts may largely originate in the
heartwood of living trees as a end-product of the chewings by larvae of wood-feeding longhorn
beetles as well as of termites. Because it is such a long-lived (and, in old forest, abundant)
habitat, its inhabitants may not require long-distance dispersal mechanisms. This assumes that
wildfire regimes typically allow for a continuity of supply of suitable logs. Marie conducted her
studies in both ‘mature’, wildfire-derived forest and in regrowth forest derived from clearfelling.
Although larger-diameter logs were still common in regrowth, they tended to support a slightly
different (though still rich) beetle fauna. It seems likely that future regrowth cycles, lacking such
a recent connection with pre-logging disturbance regimes, may prove much less favourable to
the species that specialise in these inner heartwood habitats.

Genevieve Gates: coarse woody debris as a habitat for macrofungi

Genevieve then gave a presentation on her on-going doctoral research on the macrofungi found
in four 50 x 50 m plots of different ages since the last wildfire, also at Warra. In total, through
fortnightly surveys conducted over more than a year, Genevieve has so far recognised close to
900 species, most of which remain undescribed. Most, but not all, of these species are associated
with CWD. Despite her study sites being within a kilometre of each other, she has found strong
site-level differences in macrofungal assemblage composition. Her data hint at a correlation
between assemblage composition and time since wildfire. Further elucidation of the relationships
between the fungi and CWD is also planned.

Karen Richards: the use of CWD by Tasmania’s fauna

A presentation on the use of CWD by Tasmania’s fauna, by Karen Richards, was a reminder that
CWD cannot be viewed in isolation from the ground on which it sits. Several threatened species
of stag beetle have soil-dwelling (and feeding) larvae, yet retain an association with CWD



through preferentially occupying the soil-log interface (perhaps because adult females may
shelter there and oviposit there?). The three Hoplogonus species are perhaps the least clearly
associated with CWD, while larvae of the broad-toothed stag beetle (Lissotes latidens) are
primarily found in soil under logs. Of the threatened species, the Mount Mangana stag beetle
(Lissotes menalcas) is most intimately associated with CWD, having obligately log-dwelling
larvae. Two of Tasmania’s threatened velvet worms (both the Tasmanipatus species) primarily
inhabit mudguts and other moist inner-log environments. The third, the north-west velvet worm,
is in a genus (Ooperipatellus) whose many species in Tasmania are more associated with leaf
litter, though it too makes use of logs (e.g. as refugia during dry conditions). Eight of Tasmania’s
terrestrial molluscs are also listed as threatened, and are associated with CWD and moist litter
environments. All the above invertebrates have poor powers of dispersal. Many mammals also
make use of CWD. For instance, quolls use hollow logs as dens, pygmy possums hibernate in
them (as do many reptiles and frogs), antechinus shelter in them, and echidnas use hollows and
large crevices under logs as latrines.

Simon Grove: further studies related to CWD and old trees conducted in and around Warra
Simon first summarised Yoav Bar Ness’ masters research, which looked at canopy structure and
associated arthropods in paired “‘old growth’ (>200 year old) and ‘regrowth’ (100 year old) trees.
The older trees tended to have more complex structures, and more microhabitats, than the
regrowth trees. Analyses of the arthropod faunas were compromised by the inability of Yoav’s
sampling and identification techniques to readily distinguish ‘tourists’ from ‘residents’, and the
clearest patterns were of differences in assemblage composition among tree-pairs rather than
between tree ages.

The Warra log decay project, established by Simon’s predecessor Rob Taylor and by Caroline
Mohammed, was also described in Simon’s presentation. Through cyclical emergence trapping
on ‘old-growth’ and ‘regrowth’ logs deliberately felled for the project, it seeks to compare the
succession of invertebrates as the logs gradually decay. To date, after the first sampling cycle
(five years) the study has revealed a rich saproxylic beetle fauna but few differences between the
log types. Clearer differences have been detected in the apparent dispersal modes of the species
sampled, with some preferentially caught in the lower collecting heads (mostly ‘crawlers’), while
others are preferentially caught in the upper collecting heads (mostly “fliers’).

This project and that of Marie Yee inspired two preliminary (honours-level) studies on beetle
dispersal abilities using molecular techniques, by Simon Watson and Sarah Nash. The species
studied by Simon (Prostomis atkinsoni) is an inhabitant of mudguts, and is one of those species
with a near-extinct European relative. His work suggested that its populations are not strongly
spatially structured in the Warra area, suggesting no particular barriers to dispersal for this
species in this landscape at this time, perhaps because adults readily fly in warm weather.
Sarah’s study species (Coripera deplanata) is a flightless inhabitant of larger logs. Her work was
confined to smaller study areas, all of which had been subjected to clearfelling in the 1980’s.
Her findings suggested that this species’ populations may be more spatially structured in areas
that had additionally been exposed to fuelwood harvesting, presumably because this practice had
left fewer, more widely dispersed, logs on the forest floor.

Simon then described the CWD modelling work that was the subject of Lee Stamm’s honours
research. In essence, Lee worked out the relative densities of the different rotten wood types
previously described by Marie Yee and Anna Hopkins through sampling many E. obliqua logs in
all decay classes and across a range of diameters at Warra. He then used these values to derive
typical densities for CWD in all decay class — diameter class combinations, and built these into a
computer model of CWD decay based on estimated residence times of CWD in each of the five



decay class — diameter class combinations. The model was then expanded to incorporate a
growth model, a wildfire mortality and combustion model and a stagfall model, all derived from
measurements or field observations collected by Lee during his research or previously by others.
Taken together, these components now allow for CWD volumes and masses (by diameter class
and decay class if required) to be predicted for a range of return intervals for stand-replacing
wildfires. They generally show a peak in CWD volumes about 50 years after the wildfire,
followed by a gradual tailing off as the CWD derived from stagfalls decays away. Longer
wildfire return intervals allow for greater peak volumes of CWD because the trees grow larger
before being killed. However, none of the modelled scenarios can readily regenerate the volumes
of CWD often seen across a range of forest ages in ‘real’ wet eucalypt forest. The most likely
reason for the model’s inability to do so is because most wildfires in these forests are not stand-
replacing, allowing a more steady input of CWD and allowing for some trees to reach much
older ages before dying. Nevertheless, the model provides useful insights into how forestry could
better emulate the effects of the more extreme forms of natural disturbance on CWD dynamics.

Simon also reported on several recent attempts to inventory CWD across the forest estate. Over
time, these inventory values will provide a means of validating Lee Stamm’s model. The wildfire
chronosequence sites being established by Pep Turner are a case in point, since one set of data
that is being collected for each plot (i.e. for several discrete times since stand-replacing wildfire)
refers to CWD (volumes, decay class and diameter-class distributions, dispersion etc).
Additional data-points are available from 11 km of line intersect sampling conducted in the
southern forests by Gabriel Warren and Darren McNeil. Simon and Marie Yee have also been
working on CWD plot data compiled by Dave Mannes, from Forestry Tasmania’s temporary
inventory plot programme. This programme has already provided several thousand data-points
state-wide.

Other projects that Simon reported briefly on were the work of Emma Pharo and her
honours/third year students on bryophytes and CWD (mostly at Warra or in the wildfire
chronosequence sites); Alen Slijepcevic’s study of the effects of regeneration burns on CWD
combustion; and Belinda Yaxley’s current doctoral research on the autecology of a series of
saproxylic beetles in the southern forests.

Marie Yee: relationships between CWD, fire and the occurrence of the giant velvet worm:
implications for forestry

Marie informed the workshop that current management prescriptions focus on the need to avoid
high-intensity regeneration burns. However, Marie outlined recent research that suggests the
issue is more about ensuring that sufficient larger-diameter (mudguts-containing) logs are
available in the long-term at fine spatial scales to enable the species to persist in the face of
periodic fires and logging disturbance. This clearly links to the need to ensure the persistence of
the large old trees that generate such logs.

Simon Grove: scaling up CWD modelling to the production forestry landscape

The final presentation in the ‘dead wood’ section was again by Simon Grove, describing work
that he and Mike McLarin had begun looking at ways of scaling up the CWD modelling to the
production forestry landscape. The tool used for this is Forestry Tasmania’s woodflow planning
software, Woodstock Spatial. To date, the only trial has been on a small area (the Arve forest
block in the southern forests), and is confined to the couped-up parts of the block. Outputs of
CWD volumes over time after disturbance (from Lee Stamm’s model) were used as inputs into
the Woodstock model, in order to describe current levels and future trajectories of CWD
volumes based on current forest age. Currently, CWD is considered by the model as a ‘flow’
generated at the same time as meeting its overall goal of delivering a steady output of sawlogs. It



can be presented as total volumes, or can be presented spatially to show trajectories in CWD
volumes for individual coupes within the block. While this is a simplistic approach, it
demonstrates the principle that Woodstock may be a useful tool for modelling the effects of
different landscape-scale management scenarios on CWD. Future efforts will apply more
validated outputs from Lee’s model. We may apply theoretical CWD retention prescriptions, or
apply CWD targets as a constraint for the model on how much harvesting it may allow and
where. A means will also need to be found to incorporate the non-couped-up parts of the forest
into the modelling process.

Part lll — synthesis

Following these two themed sessions, Steve Read chaired a session aimed at synthesising the
findings of the reported research. Dave Bowman described a lot of the findings as “self-evident
truths’. For instance, a common thread has been the demonstration that old trees and old forests
are different from young trees and young forests in terms of the habitats they provide and the
species they are able to support. Most studies have — quite deliberately — been conducted at fine
spatial scales, and most have been short-term. The challenge, as always, is to take these findings
and apply them to landscapes that we know are heterogeneous in space and time. The time
element includes not just natural forest dynamics, but forest management dynamics and the
probably increasing effects of climate change. Dave commented that a key gap in our
understanding of how species might respond to these dynamics relates to dispersal abilities. Our
research efforts so far have been small-scale, and suggest that there is scope for much more
research in this area, including much greater use of molecular techniques and much greater
efforts to apply the findings to entire landscapes. Dave also commented on the current forestry-
conservation paradigm, in which production forestry is being steadily intensified (albeit in a
shrinking estate) at the same time as conservation reserves are being left essentially unmanaged
(while the conservation estate expands). He likened the conservation issues to a ‘fisheries
bycatch problem’, whereby conservation is seen as something that has a negative impact on
production. A more appropriate paradigm might be one that seeks to integrate conservation
within production systems, to optimise both together. For this research to help inform this
debate, Dave felt there were two “‘conversations’ that needed to be on-going. One is on how the
biodiversity associated with CWD makes for a ‘healthy forest’, in terms that people (including
forest managers) can relate to. The other is more practical, and concerns how much CWD is
enough for biodiversity. This is not as simple as it sounds, because CWD levels naturally vary so
much in space and time. But for forest managers, some clear guidelines, for instance on how
much CWD is required to be left after harvest, would be very useful.

Steve Read also gave some pointers towards where the research could head next, both in terms of
adoption and in terms of future research directions. One issue is how well wildfire and
silvicultural regeneration burns can coexist. What would be the dynamics of CWD in production
forestry areas that are also subjected to wildfire? What would be the dynamics of CWD in non-
couped up areas from which wildfire was excluded? At what tree age does the switch from
white-rotters to brown-rotters occur? Are there species that require burnt CWD? Is the “indicator
species’ approach worth adopting, or are we better off using habitat surrogates? Where can the
Woodstock landscape modelling best take us? Is CWD best managed through ‘strategic’
approaches, or through specific management prescriptions applied at a coupe level? Can we
more formally use fire and logging history as an experiment in which to test hypotheses? What
about all those forest types other than the lowland wet eucalypt forest that has been the subject of
most CWD research to date?



Conclusions

Not unexpectedly (given the subject, and the researcher-dominated audience), the workshop
generated more questions than answers, and some of these are clearly high priority areas for
future research. However, it is worth reiterating that as a result of all this work, we know a lot
more about CWD, its biodiversity, its origins and its dynamics than we did. We know enough to
be able to say with confidence that old trees and larger-diameter logs have special values for
dependent biodiversity. We know enough to be able to say that any manifestation of ecologically
sustainable forest management should endeavour to maintain such features in the production
forest landscape, at spatial and temporal scales relevant to the dependent species concerned.
Where we are less certain is the level of retention this requires: how much CWD, how many old
trees, now and into the future? In the absence of better knowledge of dispersal abilities in
dependent species, what is the optimum level of habitat dispersion or aggregation for
maintaining them? While the easiest answer is ‘more is better’, forest managers are increasingly
going to expect more explicit guidance. This remains our biggest challenge.





