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Preface

On behalf of the Congress Scientific Committee, [ am pleased to provide an introduction to
this volume of abstracts. The abstracts represent the scientific contributions to the XXII
World Congress of the International Union of Forest Research Organizations, a Congress
that has as its theme ‘Forests in the Balance: Linking Tradition and Technology’. This title
was deliberately ambiguous, and was intended to mean different things to different people.
At its most basic, the future of many forests around the world really is in the balance, as
conversion of forests to other forms of land use continues. For the forests that remain, and
for the increasing area of forests in some countries, pressures are mounting on the goods
and services that they provide. Some of these goods and services are mutually exclusive,
and making trade-offs between them is all about achieving the right balance. On a more
abstract note, the future of forestry as a profession is also in the balance. Major changes are
occurring in the way forestry is practiced, and these changes seem to be occurring globally,
although not always in the same direction. For example, in Europe and some parts of North
America, we are seeing pressure to practise forms of forestry that are ‘closer to nature’. In
areas that still have natural forests, the pressure is there to make forestry less intrusive, and
techniques such as reduced impact logging are becoming mainstream. We are also seeing
changes in the skills needed by those working within the forest sector. Forest management
skills are evolving rapidly to be much more focused on the relationship between people and
their forests, yet our university curricula are having difficulty adjusting to this change in
demand. The forest sciences are increasingly dominated by biotechnology and tensions
have developed between, for example, traditional forms of tree breeding and improvement
and those that involve techniques such as bioengineering. We are also seeing major changes
in the ways that we utilize the products derived from forests, including both timber and
non-timber products. Wood processing techniques are becoming increasingly sophisticated,
requiring new skills and expertise. All of these changes are reflected in the sub-themes and
sessions of the Congress.

The sub-title ‘Linking Tradition and Technology’ reflects the efforts that are needed
to ensure that the changes engendered by the rapid introduction of technology do not
completely mask more traditional forms of knowledge, particularly the traditional
knowledge of aboriginal peoples and forestry communities. This is no more evident than in
Queensland ‘The Smart State’, where the government has a vision that ‘knowledge,
creativity and innovation drive economic growth to improve prosperity and quality of life for
all Queenslanders’, yet there is a significant aboriginal legacy. The vision of the Queensland
Government could equally be applied to forest sectors around the world; the move by forest-
dependent communities around the world to gain greater control of their resources reflects
their desires to see forests provide a greater contribution to their livelihoods, whether in the
form of economic, social or spiritual aspects of their quality of life.

The 2005 Congress has seen the introduction of a number of changes to the way the
Congress is organized and structured. The sessions were the result of a call for proposals
for sessions made in 2003. Some fields of research are less well-represented than others,
but this reflects the willingness of scientists within those areas to organize sessions. In
making the selection of sessions a competitive process, we have tried to ensure not only
a consistent quality across all sessions, but also to encourage external groups into the
IUFRO sphere. I am particularly pleased to see the presence of so many sessions dealing
with the social and economic aspects of the forest sector. The forest sector could, and
should, be the epitome of sustainable resource management, and we must always remember
that sustainability represents a balance between environmental, social and economic values.
In response to views expressed after the 2000 Congress, we have attempted to reduce the
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number of parallel sessions, and ensure minimal overlap between these. This has meant that
much information will be presented in the form of posters, and I strongly encourage you to
make effective use of this form of communication. You will find that we have placed the
posters in prominent positions throughout the Convention Centre, reflecting the belief of
the Congress Scientific Committee that they are a highly effective means of
communication.

I hope that you will take the opportunity to browse through abstracts not directly
related to your own field of interest. A Congress is intended to be an opportunity for people
from diverse disciplines to get together to discuss issues of common concern. Even if you
were unable to attend the Congress itself, the abstracts presented here represent an
important snapshot of the state of the art of forest science in 2005, and well worth any time
that you can devote to them.

Professor John Innes
Chair, Congress Scientific Committee
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Sub-theme: Integrating Approaches to Achieve Multiple Goals:
Intensive Management, Extensive Management or Conservation?

Integrating approaches to achieve multiple goals: Intensive management, extensive
management or conservation?

Organizer: Klaus von Gadow University of Géttingen, Germany; kgadow @gwdg.de

Forest Stewardship Council certification of industrial plantation forests. Goulding, C.J.
(Ensis; Chris.Goulding @Ensisjv.com).

Retailers in North America and Europe are demanding forest products that have been certified as supplied from ‘well
managed’ forests. There are many certification schemes; that of the Forest Stewardship Council (FSC) is one of the
most widespread, worldwide. Although proffering an ideal of timber and non-timber products from uneven aged,
natural forests, FSC is also applicable to intensively managed exotic forest plantations. New Zealand has 670,000 ha of
its 1.8 million hectares of plantations certified, and predictably, the most frequently issued corrective action requests
concern environmental issues. Recently, social issues increased in prominence when an industry downturn impacted on
employment in communities dependent on forestry. New Zealand’s indigenous people are expected to become the
major owners of plantation forest land, raising the profile of those criteria concerned with the rights of indigenous
people to benefit from their forests. Certified logs rarely command a financial premium, but certification compliance
costs can be significant. Research could assist by designing modifications to plantation management systems that
maintain profitability but enhance the social and environmental non-timber benefits, and by defining methods to more
correctly value those benefits.

Impacts of forest management on the carbon budget of European forests. Mund, M., Schulze, E.-D.
(Max Planck Institute for Biogeochemistry, Germany, mmund@bgc-jena.mpg.de).

Forests and woodlands cover about 40% of European land area. Except for some protected or inaccessible areas all
of these forests are used by human beings. The influence of different silvicultural treatments on timber production
and quality is well documented for all European merchantable tree species. But data on the carbon budget of
different silvicultural systems in comparison to natural, unmanaged forests are rare, particularly in regard to soil
organic carbon stocks. In this paper, the carbon budgets of different silvicultural systems will be presented. The
carbon budget of a forest ecosystem is strongly affected by the removal of tree biomass, soil preparation and the
size and duration of canopy openings. The impacts of shelterwood cuttings and selection cuttings on forest carbon
budgets are lower than those of clear cuttings. The high spatial variability of soil-specific properties and long-term
impacts of land use history are the strongest restrictions to detect significant effects of current forest management on
soil organic carbon pools. A sustainable increase of carbon storage in forest soils will be a long-term, continuous
process. In contrast, the loss of carbon due to disturbances is a very rapid process. Optimization of carbon storage
will be discussed.

Balancing between set-aside and forest management activities of stands using integrated stand and forest level
optimization. Nuutinen, T., Anola-Pukkila, A., Lempinen, R., Redsven, V., Siitonen, M. (Finnish Forest Research
Institute, Finland; tuula.nuutinen@metla.fi; aimo.anola-pukkila@metla.fi; reetta.lempinen @metla.fi;
visa.redsven@metla.fi; markku.siitonen @metla.fi).

Conventionally, there are two major conservation strategies in forestry: 1) to set areas aside from timber production and
2) to change forest management strategy. Typically,in land-use planning, set-asides are designed separately from forest
management planning. Decisions on forest management strategies are usually made at regional and national level by
forest policy makers. These decisions are then implemented into forest practice as recommendations, such as rotation
periods and thinning rules. In practice, production potentials of different forest products and services depend on forest
resources and their management. Both forest resources and the multiple goals set for products and services vary
between ownerships. Therefore, the effective combination of set-asides and management activities of stands varies
between ownerships. The aim of this paper is to introduce a method for balancing between set-aside and forest
management activities of stands to achieve multiple goals set for a particular forest area. The method is implemented in
the Finnish MELA system based on integrated stand and forest level optimization. In addition, a case study is
presented to illustrate the method 1) in the analysis of production potentials and 2) in the simultaneous location of set-
asides and management activities for a forest area in Finland.
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Balancing ecosystem values: Innovative experiments for sustainably managing forests. Szaro, R.C., Peterson, C.E.
(USDA Forest Service, USA; rszaro@fs.fed.us).

Historically, applied manipulative studies of forests have tested the ability of specific silvicultural treatments to address
regeneration and wood production objectives. Changing societal values now demand expanded approaches to forest
management that also integrate social, ecological and economic goals. As a result, many recent (past decade)
experimental manipulations have become multi-disciplinary in scope and approach and involve restorative treatments,
novel silvicultural approaches or variants of more traditional approaches that are relevant to operational scales. We
examine a wide range of manipulative forest ecological experiments that have addressed a variety of responses to
changes in forest structure or function. The silvicultural treatments employed in these experiments were oftentimes
designed by interdisciplinary teams (e.g., forest ecologists, sociologists, biologists, economists and silviculturists) with
wood production and additional ecological, social or economic objectives as joint outcomes. Individually and
collectively, these studies represent major investments by research and land management organizations to meet
increasing public demands for forests that provide healthy environments for people (clean air and water), support
biological diversity (e.g., habitat), and sustain economic productivity (wood or other forest products and jobs).

Human dimensions in forest management decision-making. Torres-Rojo, J.M. (Centre for Research and Teaching of
Economics, Mexico, juanmanuel.torres @ cide.edu).

Many countries, especially developing ones, face the problem of incorporating basic forest management principles into
traditional management practices. However, the interaction and variety of social, economic and physical conditions in forest
areas makes it difficult to find options relating optimal forest management strategies with social and economic goals such
as poverty alleviation, improvement of income distribution and forest conservation. Nevertheless, this topic is highly
relevant to define public policy measures that effectively mitigate natural resource and welfare degradation. In addition, the
topic is highly relevant to identify appropriate forest management practices in time and space that can meet this variety of
goals. This paper summarizes the results from different research projects embedded in the idea of the simultaneous analysis
of social, economic and physical conditions which identify successful forest management strategies under environments
characterized by common property forest lands. The analysis is limited to common property forestlands, although it can be
extended to situations where there are several small non-industrial forest producers. The paper shows that forest production
has little impact on poverty alleviation and economic development in such forest communities unless some particular
physical, social and economic characteristics, including locally accumulated social capital, are present.

Biodiversity and plantations — oxymoron or opportunity? Integrating approaches to
achieve multiple goals: intensive management, extensive management or conservation

Organizers: Jeff Sayer WWF International, Switzerland; JSayer @ wwfint.org, and John Parrotta USDA
Forest Service, USA; jparrotta @fs.fed.us

Vegetation exclusion under monoculture plantations of exotic trees: role of allelopathy. Batish, D.R., Singh, H.P,,
Kaur, S., Kohli, R.K. (Panjab University, India; daizybatish@yahoo.com).

Due to increasing population and already dwindling natural forests, there has been a great deal of impetus on raising
monoculture plantations of exotic trees. In this context, fast growing exotics, primarily Eucalyptus tereticornis and
Leucaena leucocephala, are being raised on large scale without any consideration of their ecological impacts on the
vegetation and soil health. A study to determine ecological status of the vegetation (in terms of diversity, evenness,
dominance and richness) under these exotic plantations indicated that the vegetation diversity was significantly reduced
under these trees. The reasons for depleted vegetation were explored in terms of the impact on soil nutrient status and
the allelopathic interference, if any. Both the trees were found to release a significant amount of phenolics into the soil.
The phenolics interfered with the nutrient availability of the soil, thereby interfering with the growth and establishment
of the vegetation under these trees. The present paper discusses all aspects of vegetation exclusion under E. fereticornis
and L. leucocephala.

Contributions of plantation forests to biodiversity conservation and the importance of ‘context’. Brockerhoff, E.
(Forest Research, New Zealand; eckehard.brockerhoff@forestresearch.co.nz).

The primary purpose of plantation forests includes the efficient production of wood, fibre or other forest products as
well as soil and water protection. The contribution of plantation forests to the conservation of biodiversity is often
overlooked or even seen as negative. Several case studies on various taxa from different countries will be used to
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illustrate how such forests may or may not provide conservation benefits. An analysis will be provided to demonstrate
the role of context when conservation outcomes are being assessed. Relevant context issues include factors such as
land use prior to afforestation (e.g., natural vs. intensive agricultural), historical vegetation patterns and percentage of
remaining natural vegetation, origin of planted tree species (indigenous vs. exotic), and intensity of management. For
example, in regions or countries that have lost much of their natural forest cover, even exotic plantation forests can
provide important ‘substitute’ forest habitat, unless plantation establishment occurred at the direct expense of natural
vegetation. On the other hand, afforestation of non-forest sites is usually detrimental for conservation. Where possible,
examples will be shown that involve rare or threatened species because such cases have more weight than
‘biodiversity’ per se. Suggestions will be provided for enhancing the conservation value of plantations.

Enhancing biodiversity in eucalypt plantations. Cummings, J., Reid, N. (Center for Rainforest Studies, Yungaburra,
Australia; jcummings@fieldstudies.org).

As conservation reserves expand, the likelihood that they will capture areas degraded by previous land uses increases.
Ecological restoration will therefore play an increasing role in biodiversity conservation. On the New South Wales North
Coast, recent expansion in the conservation estate has captured over 300 softwood or hardwood plantations, many with
understoreys dominated by exotic weeds. Here we present the principles and practices adopted in managing these
plantations to enhance their biodiversity value. By initiating experiments designed to overcome potential barriers limiting
regeneration of natural forests, we have gained insights into the management of former timber plantations for biodiversity.
Thinning and burning markedly improved understorey species richness, with retained canopy cover proportional to richness
or abundance of native woody shrubs, understorey trees and potential canopy trees. Abiotic indicators were not degraded by
management, indicating that one-off thinning and burning treatments are sustainable options. This is the first time
plantations have been managed solely for biodiversity. Revenue from salvage logging means the restoration techniques are
almost unique in ecological restoration in being cost-neutral. We present key results from management experiments and
outline the future for management of plantations for biodiversity across the north coast bioregion reserve estate.

Plantation forestry and opportunities for restoring and conserving biodiversity in Southeastern Brazil. Engel,
V.L. (Sdo Paulo State University, Brazil; veralex@fca.unesp.br); Onofre, EF. (jatobadocerrado@bol.com.br); Almeida
Jr., A.C. (Aracruz Celuose; aca@aracruz.com.br); Sartori, M.S. (mssartori@estadao.com.br).

Industrial plantations with fast growing exotic species cover more than 4.8 million hectares in Brazil, with 62% of this
area in Eucalyptus species. Plantation forestry is responsible for creating more than 500,000 jobs. The forest sector
represents 4.0% of Brazil’s GIP and 10% of total national exports. However, large scale monoculture plantations are often
considered as potentially hazardous to biodiversity conservation. To attend Brazilian forest legislation, many commercial
stands are being managed or suppressed to restore local native vegetation. By providing adequate distribution of native
forest remnants in the landscape, plantations may act as sinks for species accumulation, increasing their role in
biodiversity conservation. Plantations can also be managed as an intermediate step for native forest restoration in degraded
areas. To enhance their potential role in biodiversity conservation, management strategies can include the maintenance of
understory, changes in harvesting techniques and the design of buffer zones and corridors with native species. Case
studies are discussed with data from different sites in south-eastern Brazil showing that many short rotation eucalyptus
plantations have woody species richness comparable to native forest fragments. Including multiple benefit goals in
commercial plantation can be an additional strategy to increase rotation cycle, benefiting natural regeneration.

Integrating biodiversity and multiple use assessment in forested landscapes. Gillison, A.N. (Center for Biodiversity
Management, Australia; andy.gillison@austarnet.com.au).

Biodiversity is emerging as an increasingly significant factor in the sustainable management of forested lands. Yet the
absence of cost-effective and scientifically acceptable methods of assessing biodiversity and its interaction with
commercial productivity severely hinders the management process. Global, ecoregional case studies conducted using

a standardized low-input, high-return, rapid survey method, illustrate how plant-based biodiversity can vary predictably
across natural oldgrowth, secondary and enriched secondary, agroforestry forest management systems, as well as
monospecific and mixed-species plantation forests. Intensive baseline studies along forested land use intensity
gradients in Asia and Latin America reveal common linkages between plant and animal biodiversity, soil, above-ground
carbon and potential productivity. These provide a scientific framework for constructing adaptive management
guidelines that incorporate simple field indicators. ‘Best-bet’ management long-term is likely to come from carefully
planned, multiple-use, systems across forested landscape mosaics that maximize overall biodiversity, carbon and
nutrient stocks while maintaining ecosystem processes and an acceptable economic return. Successful training
workshops in Africa, Southeast and mainland Asia, Oceania and Latin America confirm the utility of the rapid survey
method as a low-cost, high-return investment.
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Biodiversity and plantation forests: An overview. Jactel, H., Franc, A. (Institut National de la Recherche
Agronomique/IEFC, France; herve.jactel@pierroton.inra.fr), Sayer, J.A. (WWF International, Switzerland;
JSayer@wwfint.org), Parrotta, J.A. (USDA Forest Service, USA; jparrotta@fs.fed.us).

Plantation forests range from intensively managed short-rotation crops to agro-forests and areas of enriched secondary
forests. They are expanding rapidly in many parts of the world and are providing an increasing share of forest products.
While economic competitiveness will inevitably lead to a continuation of this trend, the expansion of plantations is
often resisted by civil society because of the popular perception that they harm environmental functions and especially
that they are ‘sterile’ and lack biodiversity. These concerns have been justified in situations where exotic plantations
have replaced biodiverse natural forests. The paper will present empirical studies of the biodiversity values of different
types of plantation forests in temperate and tropical countries and ways in which plantation management can be
adapted to favour biodiversity outcomes. The paper will argue that biodiversity considerations should be given more
attention in planning and managing plantation forestry, both within plantation management units and in the broader
landscapes within which plantations are located. The costs and benefits of biodiversity to plantation owners and
managers, the application of ‘ecosystem approaches’, the co-benefits of carbon sequestration schemes under the CDM,
and recent initiatives related to the certification of plantations will also be discussed.

Coniferous monocultures diversification in space and species. Kupka, 1. (Czech University of Agriculture in Prague,
Czech Republic; kupka@fle.czu.cz).

Coniferous monocultures, especially Norway spruce forests, extend beyond their natural range in Central Europe. The
second generations of coniferous monocultures are susceptible to storm, snow, drought, insect and fungal damage.
They have low biodiversity, different nutrient cycling and other environmental impacts at the site and landscape levels.
There is a vigorous discussion on coniferous monoculture conversion but the question should be taken in a broader
sense than only the species changes. Gaps in mature spruce stands with natural regeneration of beech and other species
provides an opportunity to analyze the diversification of monocultures into vertically and horizontally structured
stands. Detailed analysis of seedling and sapling growth in the gaps provides an opportunity to determine basic
silvicultural rules for this type of diversification. Different variables are used to test whether the nutrient and climatic
stresses in gaps, to which seedlings and saplings are exposed, could serve as indicators to plant vigor and therefore the
success of natural regeneration and diversification of coniferous monocultures.

Assessing the genetic variability of commercial seeds in Europe: An example in Norway Spruce. La Porta, N.,
Muccinelli, 1., Passerotti, S. (IASMA, Italy; nicola.laporta@iasma.it; ivan.muccinelli@libero.it; passer8@yahoo.com),
Melnikova, M. (Moscow State University, Russian Federation;, mmarina_2002 @yahoo.com).

In recent years, increasing importance has been given to the maintenance of biodiversity and protection of genetic resources.
As a consequence, the biodiversity of the seeds used for plantations has gained more attention in several European countries .
Commercial samples of Norway spruce (Picea abies Karst.) seeds from 25 provenances in Europe, originating from eight
European countries, were tested using three different mitochondrial STRs primer sets. All three primer sets gave reliable and
polymorphic patterns of amplification. The primer nad1-a/b was the most informative for assessing the level of genetic
variability of the mother plants seeds within provenances. A wide range of genetic variability values throughout single
provenances was observed. However, provenances coming from the same country show a significant, similar within-
variability. The value of genetic variability within-provenance of seed batch, therefore, could be useful in order to monitor the
efficacy of seed collecting procedures for each country. Seed collecting procedures are analyzed and discussed.

A coarse filter approach to conserving arthropod biodiversity in Canadian forests. Langor, D.W., Hammond, J.,
Pohl, G. (Natural Resources Canada, Canada; dlangor@nrcan.gc.ca; jhammond@nrcan.gc.ca; gpohl@nrcan.gc.ca).

Terrestrial arthropods are hyper-diverse and sensitive to environmental disturbances. However, utilization of arthropods
as ecological indicators in forests and their incorporation in bio-monitoring is hampered by limited ecological
knowledge for interpretation of human-caused changes in abundance and distribution of taxa in space and time, against
a background of natural variation. This poses a challenge for a ‘fine-filter’ approach to arthropod conservation in
managed forests. Can arthropod conservation objectives be better incorporated into operational forest planning using

a ‘coarse-filter’ approach? This question was addressed by investigation of the utility of the Canadian Forest Ecosystem
Classification (FEC) system as an ecological surrogate for arthropod assemblage structure. FEC integrates knowledge
of vegetation communities in relation to environmental gradients, such as regional climate and site-specific moisture
and nutrient regimes. We hypothesized that epigaeic arthropods inhabiting soil and litter would respond to some of the
same environmental factors incorporated into the FEC, and that the FEC would be a reasonable surrogate for arthropod
assemblage structure. Epigaeic assemblages were characterized in 15 eco-sites in Upper Cordilleran forests. Partial
congruence of eco-site classification with arthropod assemblage structure, especially at the extremes of soil nutrient
and moisture gradients, suggests that the FEC may be used as a biodiversity conservation tool.
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Biodiversity management in industrial tree plantations in West Kalimantan, Indonesia. Otsamo, R., Marjokorpi,
A., Otsamo, A., Tyyneld, T. (University of Helsinki, Finland; riikka.otsamo @ helsinki.fi).

We studied biodiversity management in an industrial tropical tree plantation context. The study area included forest
fallows, Acacia mangium tree plantations established on deforested and degraded forest lands, dry- and wetland rice
fields, rubber gardens, forest gardens and remainders of natural forests (sacred forests, riverine forests, swamp forests).
The work was done in cooperation with an industrial plantation project and the indigenous Dayak-people in West
Kalimantan, Indonesia. The study methods included literature reviews, interviews, vegetation inventories, economic
analyses and GIS-simulation. Mature forest remnants harboured tree species diversity and functional characteristics
close to those of undisturbed rainforests. As these forests are an important part of the local culture, their expansion for
rehabilitation of surrounding degraded lands could be a viable option. Even small expansion of these areas could have
positive effects to rehabilitation. Living conditions of the local population can be improved by their participation in
plantation forestry projects. Tree plantations can be combined with other land-use practices. They can improve the
economic return on land, without further degradation of the environment. This requires agricultural intensification and
support from the plantation company. At the same time, biodiversity can be conserved and even enhanced with careful
planning and integration of different land use forms within the context of plantation forestry.

Forest plantations and biodiversity: A WWF view. Pollard, D. (WWF International, Switzerland;
DPollard@wwfint.org).

Forest plantations are a highly politicized issue globally. For some people, plantations are the future direction of

the global forest products industry, a solution for carbon sequestration, or an answer to the abandonment of huge
areas of unwanted low grade agriculture land. For other people, plantations (and intensive forestry in general) go
fundamentally against the objectives of sustainable forestry management, where the aim is to make every forest stand
more natural. On top of this philosophical issue there are a range of criticisms about plantations — some well founded.
The criticisms range from social issues to biodiversity and freshwater. This paper will discuss these and provide

a WWF view on the positive role that a landscape approach to planning can bring to plantations, the contribution

that plantations can play in conserving and enhancing associated biodiversity, and how plantations do not have to
compromise freshwater supplies. It will also describe the current FSC review of its principles and criteria on
plantations, a process that is designed to reduce the conflict on the philosophical issue and achieve a better global
consensus amongst a wide variety of stakeholders.

An application of spatially structured population viability analysis modeling to forest planning: a multi-species
perspective. Nicholson, E. (The University of Queensland, Australia; e.nicholson@ugq.edu.au), Regan, T.J. (University
of Queensland, Australia), Fox, J.C. (Department of Sustainability and Environment, Melbourne, Australia), Bekessy,
S.A. (RMIT University, Australia), Possingham, H.P. (University of Queensland, Australia), Burgman, M.A. (The
University of Melbourne, Australia).

The use of Australia’s forests for competing demands of timber production and the conservation of biological diversity
raises questions regarding the impact of anthropogenic disturbance on species persistence. Such activities have the
potential to reduce the habitat available to sensitive species, and may decrease probabilities of dispersal and persistence
through habitat fragmentation. We develop spatially structured population viability models for eleven forest sensitive
species that describe the population dynamics for each species and incorporate spatial dynamics by modeling habitat
suitability, dispersal and habitat dynamics. The aim is to investigate the impact of plantation expansion on the
persistence of multiple forest-dependant species and to investigate the impact of alternative management options on
species persistence. This research provides timely feedback to managers about the sustainability of current and
alternative forest management options, and supports the development of better-targeted and more relevant forest
planning.

Wood quality from intensive management
Organizer: Dave Cown Forest Research New Zealand; Dave.Cown @ensisjv.com

Effect of extractives and wood structure on tangential compression strength of mahogany wood. Arévalo, R.
(Universidad del Tolima, Colombia, rlareval@ut.edu.co), Hernandez, R. (Université Laval, Canada;
roger.hernandez @ sbf.ulaval.ca).

The influence of density, extractives, and anatomical structure on the tangential compression strength of mahogany
(Swietenia macrophylla King) wood from Peru was evaluated at 25°C and at different equilibrium moisture contents.
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Matched flakes were used to assess the amount of extractive components by successive extraction with cyclohexane,
dichloromethane, acetone, methanol and hot water solvents. Additionally, fourteen anatomical parameters were determined
by image analysis. A stepwise regression analysis showed that the anatomical features, mainly the rays and vessels, affect
more significantly the mechanical behaviour of mahogany than wood extractives. These findings are in agreement with
earlier results showing a negative effect of large and multiseriate rays on the mechanical properties of wood when loaded
perpendicular to their long axis. The influence of lumen-located extracts soluble in dichloromethane might prevent
deformations. Finally, it is postulated that hot water extracts may play a plasticizing role in this species.

Old growth quality from intensively managed stands? The central European experience Becker, G. (Albert-
Ludwigs-University Freiburg, Germany, fobawi@fobawi.uni-freiburg.de).

The term Intensive Management is closely linked to Plantation Forestry, where pure, uniform stands, short rotation and fast
growth are the management objectives. The resulting wood quality is different from the typical wood quality for trees from
old growth mature forests, which are characterized by old age, slow growth (i.e., narrow rings), natural pruning and big
dimensions. Because the remaining natural old growth stands are protected, in most cases it can be foreseen that old growth
quality will completely disappear from the markets of the future. In Central Europe, conifers (spruce, fir, pine) and
broadleaves (oak, beech) are traditionally managed in a different way. Close-to-natural forest management aims at imitating
old growth conditions by intensive management. The target product is mature big trees with excellent wood quality features.
This paper describes the management objectives and prescriptions, and presents the analysis of the resulting wood quality, as
well as its suitability for selected premium products (veneer, appearance grade timber, high grade construction timber).

Wood quality in a Danish provenance trial of European beech. Bergstedt, A. (Royal Veterinary and Agricultural
University, Denmark; abe @kvl.dk).

In Denmark, many foreign provenances of European beech (Fagus sylvatica L.) have been grown in search of better yield
and stem form than offered by the indigenous provenance. Large variations are found regarding vigour, form and growth
habit, but little attention has been paid to wood quality of foreign provenances. From a 56-year old provenance trial, 78
trees were selected, representing 10 different provenances from a wide range of sites in Europe. Wood properties such as
basic density, shrinkage from green to oven dry condition and spiral grain, were analyzed on stem discs. Two bolts from
each tree were processed into live sawn boards, and evaluated for splitting, twisting and cupping during drying. Statistically
significant provenance effects could be demonstrated for several of the wood properties, but in general the differences were
small and hardly affected wood utilization. Bolts from the middle of the stem (2.8-5.5 m) were more prone to checking
than bolts from the lower stem. In general, the fibre angle increased with increasing distance from the pith, but in most trees
spiral growth was modest. In conclusion, provenances can safely be selected and evaluated from external qualities such as
height growth, yield, stem form and branching habit, without risk of producing wood of inferior quality.

Managing for quality in developing stands. Briggs, D., Turnblom, E., Bare, B.B. (University of Washington, USA;
dbriggs @u.washington.edu).

A variety of simple, widely accepted field tools, sampling procedures, summarization software and projection models
are available to assist managers in making cultural decisions and monitoring effects on stand growth and yield, and tree
size. However, counterparts for tree and wood quality lag far behind. Consequently, quality is poorly integrated into the
decision and monitoring process. Inability of managers to integrate quality information into their cultural decisions and
monitor effects on quality as stands develop may lead to choice of treatments with detrimental effects on future quality
and product value. Lack of quality management during stand development and at harvest can lead to expensive
misallocation of timber to processing facilities. Techniques are emerging to permit routine assessment of some quality
characteristics. These data, combined with simple quality control techniques, provide managers with opportunities to
manage quality of stands and to assess quality of stands at harvest to better matched mills. This paper discusses
techniques for gathering quality data from conifer plantations. Correlations of these measures with log and product
properties are presented along with the use of statistical quality control procedures to evaluate conformance to desired
specifications. The potential for integration into silviculture and harvest scheduling decisions will be discussed.
Examples for Douglas-fir from the US Pacific Northwest illustrate these concepts.

Compositional analysis of selected tree species by thermogravimetry. Fantu, W., Nuruddin, A.A. (Universiti Putra
Malaysia, Malaysia; woldeyohanes@yahoo.com).

Burning profiles of biomass fuels give detailed information about the fuel during the process of combustion and are
useful for predicting the relative combustion characteristics of fuels to establish relative quality of biomass fuels.
Therefore, three component parts, viz. stem wood, branch, and foliage of Eucalyptus globulus, Eucalyptus saligna,
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Eucalyptus grandis, Acacia abyssinica, Acacia seyal, and Acacia tortilis were analyzed by thermogravimetry (TG) and
derivative thermogravimetry (DTG). Fuels which have burning profile peaks at higher temperatures are more difficult
to burn and those with similar burning profiles are expected to have comparable burning characteristics. Stem wood
and branch components in all species have similar burning profiles, hence, have comparable burning characteristics.
Generally, ignition temperature of burning samples increased with an increasing volatile matter content. It was also
observed that an ignition requirement for foliages was lower compared to stem wood branch.

Results of thinning effects after 8 years on maple plantations in Amol, northern Iran. Hassani, M., Amani, M.
(Forest and Rangelands Research Institute, Iran; hassani@rifr-ac.ir; amani@rifr-ac.ir).

This research was started in 1995, in order to study the effect of thinning on a pole stand plantation of maple (Acer
velutinum Boiss.). The silvicultural interventions included three treatments (medium thinning, heavy thinning, and
control) with three replications. Before thinning, the mean and dominant heights of the initial 10-year old plantation
were 10.86 m and 12.14 m, respectively. Results derived from treatments demonstrated the positive effects of thinning
on the future trees diameter (1.3 cm/yr), and a reduction of the slenderness factor (h/d = 84) in the year 2002. The
mean annual basal area increment between two measurements (1995 and 1998) was 3 m*yr/ha. Moreover, the mean
annual volume increment (remaining stand) was 15.43 m*/ha/yr, and mean annual volume increment (remaining stand
plus removed trees) was 29.07 m*/ha/yr.

Timber quality assessment in softwood plantations: the modeling approach. Leban, J.-M. (INRA, France).

This paper presents recent results and trends in timber quality assessment of the present and future softwood
plantations. Wood quality assessments have two contexts: Timber quality at the stand level or at a regional level, and
log value at the sawmill. In the first context, models to determine timber value were based upon the usual forest
inventory measurements made on standing trees, and simulate (i) the stem geometry, (ii) the wood property variations
inside the stems, and (iii) the conversion of the stems into logs and boards, described in terms of visual and mechanical
grades. Expected timber value is evaluated by the simulation of the available grading rules. In the second context,
models to determine log value were developed to simulate the expected internal log structure (wood properties) using
external shape measurements only. Data for these models were generated by X-ray log scanners that allowed for direct
observation of internal log structure. For each context, recent results and informatic tools obtained and built by several
research teams, are presented for Norway spruce in France and Sweden, Douglas fir in Belgium, Sitka Spruce in UK,
Caribbean Pine in Australia, Radiata Pine in NZ. In conclusion, we discuss the perspective for improved
implementation of this knowledge.

Evaluation of five reforestation species for manufacture of oriented strand board. Lim, N.P.T., Pek, Y.K. (Sarawak
Forestry Corporation Malaysia; nlim@ sarawakforestry.com.my; ykpek @ sarawakforestry.com.my).

Five reforestation species planted in Sarawak, Malaysia, namely Acacia mangium, Acacia auriculiformis,
Azadirachta excelsa, Hevea brasiliensis, and Paraserianthes falcataria are assessed in terms of suitability for the
production of oriented strand board (OSB). Three-layer OSBs with perpendicular to grain orientation of each layer
and target board densities of 600, 700 and 800 kg/m* are fabricated from wood strands using 5% and 7% phenol
formaldehyde (PF) adhesive as binder. At 800 kg/m?® board density, ‘blowing’ problems are encountered in the case
of Paraserianthes falcataria at both percentages of PF and Azadirachta excelsa at 7% PF. Sample boards are also
tested in respect of dimensional stability and mechanical strength properties with reference to the minimum
requirements of Base particleboard Type 24 — 10 as stipulated under the Japanese Industrial Standard JIS A 5908 —
1994. Most of the sample boards with density of more than 700 kg/m® and using 7% PF are found to satisfy the
stipulated JIS requirements. However, at 5% PF, only Acacia mangium, Acacia auriculiformis and Hevea
brasiliensis of similar board density are in compliance. It is inferred that all 5 species are potentially suitable but
indications are that Acacia mangium, Acacia auriculiformis, and Hevea brasiliensis offer relatively better promise
for OSB manufacture.

The possibility of Melia adzedarach as a fast growing tree in Japan. Matsumura, J., Inoue, M., Yokoo, K., Tanoue,
M., Oda, K. (Kyushu University, Japan; matumura@agr.kyushu-u.ac.jp).

Wood properties of Melia azedarach, which grows quickly and has good stem-shape, were investigated to clarify the
possibility as a fast-growing tree in Japan. The test trees were seedlings, and their mother tree had been selected as

a plus-tree. The diameter at breast height was 21.4-32.7 cm in 17 years. The stem-shape became straight by pruning.
Growth ring width near pith, up to 3 m height above the ground, was large and became stable beyond the 4th ring
regardless of stem height. Specific gravity of air-dry samples increased slightly from the pith outward, and with



8 XXII TUFRO World Congress Forests in the Balance: Linking Tradition and Technology

increase in stem height. The variation of compression strength in the stem was similar to that of specific gravity. At
present, because of umbrella-crown form, only logs up to 4 m in stem height are used, but pruning can correct this
stem shape issue, making it possible to use logs up to 8 m in stem height.

Wood quality of eucalypt sawlogs from intensively managed stands in South America and southern Europe.
Nutto, L., Touza Vazquez, M.C. (Centro de Innovacion y Servicios Tecnoloxicos da Madeira de Galicia, Spain;
nutto @ cismadera.com; mtv@ cismadera.com), Maestri, R. (Aracruz Celulose S.A. Company, Brazil;
rmaestri@aracruz.com.br).

The demand for hardwood timber motivated Eucalyptus growers to enter that market. Initially, wood from

pulp or fuelwood plantations was processed in sawmills, using existing equipment and cutting technologies.
High growth stresses caused severe timber degradation which limited early markets continues to influence

use in sawlog and veneer production. Research in Brazil and Spain was conducted to analyse the complete
forest—-wood-chain for eucalypt sawlog production. The main species were E. grandis, E. urophylla, and

E. globulus. Individual tree growth was analysed to determine growth potential and increment concentration on
pre-selected trees. Self-pruning was investigated and pruning strategies developed to optimize quality. Wood
properties were analyzed to explain the occurrence and high variability of growth stresses in and between trees.
Tree growth and wood quality under different management regimes were explored. The results support eucalypt
sawlog production in plantations managed with short rotations, with high growth potential concentrated on a few
trees per hectare. Growth models were developed for several species to optimize sawlog management regimes.
Modelling live crown base recession permit the optimization of pruning schedules. Detailed wood property
analysis identified possible utilizations and improved the understanding of high growth rate on wood properties.
The methodologies used to analyse growth stresses and its dynamic evolution help to explain some of the
contradictory results found in literature.

Pulping of Trema orientalis (Nalita): A fast growing wood. Sarwar Jahan, M. (BCSIR Laboratories, Bangladesh;
m_sarwar@bdonline.com).

The demands for raw materials in papermaking are continuously increasing due to increased paper consumption,
intensifying harvesting demands on natural forests. Harvesting restrictions of natural forests have made short rotation
wood crops more attractive as sources of raw materials for papermaking. Trema orientalis is one of the fastest growing
woods in the world. Therefore, it is important to characterize its raw material for papermaking. This paper describes
the anatomical, morphological, and chemical properties of T. orientalis. The proportion of fiber having average length
of 925 Bm and vessels were 71.4 and 15.4%, respectively. The a-cellulose, pentosan, and Klason lignin were
approximately 50, 22 and 22%, respectively. It was found that xylan was the predominant sugar in the hemicellulose.
Alkaline nitrobenzene oxidation of wood meal indicated that the guaciayl and syringyl units were the major
constituents of T. orientalis lignin. Studies were undertaken to explore the use of different cooking times and amounts
of active alkali during soda-anthraquinone pulping. Increasing cooking time or active alkali resulted in increased
screened pulp yield, and decreased total pulp yield and kappa number. The strength properties were comparable to
Gamar wood pulp, an important fibrous raw material in Bangladesh.

Structural utilization of natural and planted softwood timber in Korea. Shim, K.-B., Yeo, H.-M., Park, B.-S.,
Shim, S.-R., Park, J.-H., Lee, D.-S., Cho, S.-T., Kim, W.-J. (Korea Forest Research Institute, Republic of Korea;
kbshim@foa.go.kr; frishim@empal.com).

Approximately 60% of Korean forest is occupied by Korean red pine (Pinus densiflora), Korean pine (Pinus
koraiensis), and Japanese larch (Larix leptolepis). Korean red pine is in natural forests, but Korean pine and Japanese
larch are in planted forests. Approximately 78% of Japanese larch was graded in No.2 and better, but only 32% and
21% of Korean pine and Koran red pine were graded in No.2 and better. The allowable bending stresses for No. 2
grade structural lumber (2x4) are 60 kgf/cm?, 50 kgf/cm?, and 100 kgf/cm? for the Korean red pine, Korean pine and
Japanese larch, respectively. To use softwood timber as value-added structural member, development of high load
carrying engineered wood or system is necessary. In this study, space frame members with dimension of 60mm
diameter and 800mm length structures were developed for large-span wood structures. Ball-type and bolt connections
were used for test specimens. Maximum structural performance of connection with two 12mm diameter bolts was
evaluated to be 4723 kg, 1.6 times more than two 8 mm diameter bolts. Applicability of the wooden space truss to mid-
scale construction was evaluated by constructing a demonstration building, suitable for stadium or exhibition building.
Construction posts, space truss, and roofing were finished within three days. It has high potential for a hybrid building
with steel or reinforced concrete structures.
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Spacing, thinning, and wood quality in Eucalyptus pilularis plantations in Australia. Smith, G. (Forests NSW,
Australia; Geoffsm@sf.nsw.gov.au).

Eucalyptus pilularis is an important native hardwood species in northern New South Wales, Australia. Since 1994,

a plantation program has been established to replace native forest solid wood production resources by replanting
cleared land. One of the major challenges is the wood quality in plantations compared to the native resource.
Comparative sawing studies have shown the major difference is knots. Normally pruning would be undertaken,
however the response of canopy dynamics and branching characteristics to spacing suggest management should take
advantage of self-pruning and branching characteristics in spacing and thinning prescriptions. Initial densities of
greater than 1250 trees per hectare allow selection of sufficient high quality stems, restrict the development of large
branches, and increase the rate of crown rise. Wider spacings between rows have no effect on branching or form but
are directly related to establishment cost.

Comparative strength and durability of natural and oil-cured bamboo. Wahab, R., Sudin, M., Mohamed, A.
(Universiti Malaysia Sabah (UMS), Malaysia; drrazakw @ums.edu.my), Samsi, H. (Forest Research Institute Malaysia
(FRIM), Malaysia).

This paper investigates the effect of heat treatment on the properties and durability of bamboo, Gigantochloa
scortechinii. Matured bamboo culms were harvested and subjected to high temperature condition using palm oil as
a heating media. Two groups of samples were used in the study: green and air-dried. The temperatures applied were
140, 180, and 220 #C, with exposure duration of 30, 60, and 90 min respectively. Results demonstrated that the heat
treated bamboo retained most of the original physical and strength properties after undergoing the heat treatments
process. Green or air-dried bamboo culms can be dried to an MC of 6-7% within 2—3 hours of treatment. Basic
densities of bamboo were found to improve slightly by the heat application. Overall strength properties of the heat
treated bamboo were found to decrease. Modulus of elasticity in bending strength was reduced 2-33% in green
condition, and 6-9% in air-dried condition. Modulus of rupture in bending strength values were reduced 1-23% in
green condition, and 4-16% in air-dried condition. Compression strengths were reduced 2-3% in green, and 2-35% in
air-dried conditions. Shear strengths were reduced 16-24% in green and 12-24% in air-dried conditions.

Stress wave propagation behaviour in the transverse direction of wood. Wu, S.-Y., Cho, C.-L. (National Ilan
University, Chinese Taipei; sywu@niu.edu.tw).

The traveling time of stress waves will be elongated due to the existence of a discontinuity in the propagating path.
This research was focused on the study of the most possible traveling path of stress waves propagating in the
transverse direction of wood, and the effect of heart check on the traveling time. Stress wave and ultrasonic approach
was applied for measuring the traveling time in 200-year old Taiwan red pine and 60-year old Japanese cedar disks.
Results indicated that the stress wave velocity was fastest along the radial direction and slower when the angle of
deviation between the path and the radial direction was greater. An interesting finding is when a heart check from pith
to bark exists, the traveling time measured very close to the value along the radial direction measurement. To analyze
the discontinuity effect on the traveling time, a homogenous acrylic plate was used to simulate the stress wave
propagating path with a hole or crack. Test results shown that stress waves take the straight path between the nearest
peak of a crack and two accelerometers. Since the stress wave travels fastest along the radial direction, it will
propagate along the radial direction and diffract after passing through the pith, when heart check exists between the
two accelerometers.

Loss of green sawn recovery of 32-year old Eucalyptus globulus due to growth stress. Yang, J.L. (ensis — CSIRO
and Forest Research, Australia; Junli.yang @csiro.au).

Thirty dominant or co-dominant straight trees were selected from a 32-year-old thinned plantation of E. globulus.
Growth strain at breast height was estimated using the CIRAD-forét method. Pith-to-cambium strip specimens were
prepared from 12mm increment cores collected at breast height, and density, microfibril angle, and cellulose crystallite
width determined using SilviScan. Log end splits in the 30 butt logs were measured. The butt logs were quarter-sawn
following a pre-determined sawing pattern. The most common dimensions were 28 x 105 x 3000 mm and 28 x 77

x 3000 mm. The curved-edge off-cuts were measured and the volume estimated for each log. The end splits in the
sawn boards were measured and the volume of green sawn boards containing the splits calculated. The estimated loss
of recovery due to log end splits was equivalent to 1% of log volume, or approximately 4% of the dried board volume.
The estimated loss of recovery due to removing curved-edge off-cuts in the slabs was 6% of log volume. For a sawmill
processing 40,000m® of logs per annum, these could translate to an annual loss of $385,000 and $758,000 respectively.
The severity of log end splits and spring in dried boards were significantly correlated with the estimate of growth strain
measured on the surface.



10 XXII TUFRO World Congress Forests in the Balance: Linking Tradition and Technology

Integrating wood production within sustainable forest management
Session organizers: Robert Deal, USDA Forest Service, USA; rdeal @fs.fed.us, and James Barbour

The challenge of meeting the increasing need for artificial regeneration of oaks in the eastern United States.
Baldwin Jr., V.C., Foster, G.S. (USDA Forest Service, USA; Vbaldwin@fs.fed.us; Gfoster @fs.fed.us).

Natural regeneration of oaks has become increasingly less successful in the last two decades. Add to that the many
natural and anthropogenic disturbances more frequently occurring in oak-dominated stands, and we have the situation
that exists today—oak forests are declining in the eastern United States. Artificial regeneration is required following
many disturbances, including human caused; however, relatively little has been done to increase the production of
quality oak seedlings in nurseries, or to develop biologically successful and affordable seedling reforestation protocols.
The challenge focuses on the definition of regeneration success: Seedlings must be grown, planted, and maintained in
a manner that they will not only survive, but will also become, at least, co-dominants in the new stand at the time of
crown closure. It appears this requirement can be met by either (1) planting relatively large, healthy seedlings with an
adequate root system and balanced shoot-to-root ratio, along with some level of protection from vegetation
competition, or (2) by planting healthy seedlings of a somewhat lesser size with the same root specifications, but with
intensive vegetation and animal damage protection for several years. Seedling and management options being
considered and researched, and progress to date, are discussed.

Measuring sustainable forest management in Tierra del Fuego, Argentina. Bigsby, H.R., Carabelli, E., Cullen,
R. (Lincoln University, New Zealand), Peri, P.L. (Universidad Nacional de la Patagonia Austral, Argentina and
Instituto Nacional de Tecnologia Agropecuaria, Argentina).

The Tierra del Fuego government has a statutory responsibility to ensure that Nothofagus (Lenga) forests are sustainably
used, respecting them as a natural and social heritage to be preserved for future generations. Provincial regulations also
require that a Regional Forest Plan and long-term forest policies should be developed. To contribute to the development of
this Plan and to provide strategies to maximize the forest’s sustainable benefits for society, this research develops
indicators of sustainable management of Lenga forests. Multi-criteria methods are used to integrate different perspectives
regarding environmental, social, and economic aspects of the forest’s management. Using a range of internationally
accepted criteria and indicators (C&I) schemes, a local set of C&I were developed to assess the forest’s sustainability. The
results highlight potential areas of conflict between stakeholders and areas for improving sustainable management.

Sustainability of natural resource capital and related carbon accounting. Chikumbo, O. (ENSIS, NZ;
Oliver. Chikumbo @ ensisjv.com), Davey, S.M. (Bureau of Rural Sciences, Australia; stuart.davey@brs.gov.au).

Sustainability is explained in terms of goals that can be achieved in the context of maintaining and utilizing ecosystem
goods and services that human survival depends on. From those goals, four main interrelated strategies/tools are suggested
that may assist in modeling and planning for the sustainable supply of ecosystem goods and services. The strategies/tools
are systems theory, planning, integrated management information systems, and a decision support system. The systems
theory assists in the organization of variables that can be measured and controlled directly and indirectly, in a way that
enables extraction of information on how an ecosystem behaves as opposed to how it works. The planning strategy
addresses the scale issue at the strategic, tactical, or operational level. It is vitally important to use an integrated
management information system that caters to all the critical elements of the ecosystem in question. Finally, a framework
for a decision support system is vital, particularly one that enables optimization of conflicting objectives and provides the
ability to accommodate constraints of a spatial nature. A case study is presented to verify the above strategies/tools.

Structural and biometric characterization of Nothofagus betuloides forests in Patagonia, Chile. Cruz, G., Caprile,
R., Promis, A., Cabello, G. (Universidad de Chile, Chile; gcruz@uchile.cl; rcaprile@uchile.cl; apromis@uchile.cl;
guscab@ [23mail.cl).

This study, in the Chilean Patagonia, undertook the structural and biometric characterization of Nothofagus betuloides forests
to provide information for sustainable forest management. Six geographical locations were surveyed, five on the continent
and one on the island of Tierra del Fuego. A total of 6,101 hectares were described according to their location, environmental
characteristic, and vegetation type. The degree of human intervention, stage of development, status of regeneration, and
composition and cover of the understory were also described. A total of 76% of the forest area had Nothofagus pumilio and
N. betuloides mixed forests. The remaining areas (24%) were pure N. betuloides forests. Virgin, old-growth forests covered
49% of the surveyed area. The remaining area (51%) had some human intervention. In the virgin forests, mean volume
stocks were 429 m?/ha, while in human intervened forests, mean volume stocks were 317 m?/ha.
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Sustainable harvesting of Dicksonia antarctica in wet forests in Tasmania. Davies, S., Duncan, F,, Chuter, A. (Forest Prac-
tices Board, Tasmania, Australia; simon.davies@fpb.tas.gov.au; fred.duncan@fpb.tas.gov.au; anne.chuter@fpb.tas.gov.au).

Dicksonia antarctica (manfern or soft tree fern) is an attractive trunked fern that is widespread in Tasmanian wet
eucalypt forests and rainforests. It can reach 10 m in height, and its fibrous trunk is an important substrate for vascular
and non-vascular epiphytes. There has been a long history of unregulated harvesting of Dicksonia for local horticultural
use. A management plan approved by the Tasmanian and Commonwealth Governments (2001) allowed Dicksonia to be
exported to lucrative overseas markets, subject to the introduction of a regulatory system that only permitted harvesting
of Dicksonia from areas where native forest was to be converted to another land use (most commonly plantation).

The management plan also initiated research, funded by a harvesting levy, into sustainable management of Dicksonia.
Replicated studies conducted before and after cable and ground-based logging in wet forest coupes showed how logging
affected the ability of harvesters to salvage Dicksonia. They also examined the combined effects of logging, regeneration
treatment, and Dicksonia harvesting on the survival and ecological contribution of Dicksonia in re-growth native forests.

Integrating wood production within sustainable forest management: An Australian viewpoint. Ferguson, I.
(University of Melbourne, Australia; lansf@unimelb.edu.au).

Australia has commenced the implementation of sustainable forest management through Regional Forest Agreements.
These represent a substantial advance towards sustainable management of both wood production forests and the national
conservation reserve system, if implemented properly and adequately resourced. This paper reviews the ways in which
approaches to the sustainable forest management are being implemented as part of the broader social-ecological systems,
including the development of forest certification, with particular reference to the states of Tasmania, Victoria, and Western
Australia. The paper summarizes the measures implemented, the obstacles, and the results achieved to date. It also
examines emerging technologies for sustainable wood production, the role of markets for sustainable forest management,
opportunities for improving forest value for landowners, and land use changes and their effects on sustainable wood
production. It also explores the wider public image of the forest debate in Australia, which is largely predicated around
popular perceptions of ‘one tenure—one use,” and what needs to be done to develop a more realistic image around an
ecosystem approach to sustainable forest management that spans all tenures. The paper concludes that this change of
public image represents the most significant challenge to advancing towards sustainable forest management.

Integrating concerns about wood production and sustainable forest management in North America. Haynes,
R.W. (USDA Forest Service, USA; rhaynes@fs.fed.us).

The United States and Canada are signatories to the Montreal Process for Sustainable Forest Management (SFM). Its
implementation in both countries is strongly influenced by US forest products markets and the numerous management
decisions made by individual land owners and managers. These decisions are influenced by a mix of market incentives and
regulatory actions, reducing predictability in assessing progress towards SFM. This is especially the case with markets,
where the unpredictable role prices play causes some proponents of SFM angst, because price may not provide sufficient
incentive for what they believe are necessary forest practices. Both countries have increased wood production while
simultaneously attempting to make progress towards SFM. Past increases in wood production have relied on sustained
upward changes in timber prices to provide positive incentives to improve the intensity and extent of forest management
practices. We face a future of relatively stable prices, and some forest management advocates are concerned that
expectations of lower returns to various forestry practices may lead the myriad of landowners, each with their own
objectives, to respond to various market signals in ways that are not supportive of SFM or expanded wood production.

Finnish Centre of Expertise for Wood Products: diversification of wood utilization. Kérni, J. (Finnish Forest
Research Institute, Finland; jari.karna@metla.fi).

The Centre of Expertise for Wood Products in Finland is an umbrella organization that takes a market-oriented view of the
forestry and wood products business chain, and provides expertise for research and development. It works in co-operation
with the Wood Wisdom Research and WoodFinland Action programs. The operations of the Centre are divided into seven
fields of expertise, which are coordinated by universities and research institutes, and serve as a network for national and
regional experts. The networks improve the transfer of knowledge, the creation of new knowledge, and the production of
showcase applications of wood in construction, and form an interface with developers and entrepreneurs. The seven fields
are: Modern Wooden Town and Structural Systems, Large-Scale Wood Engineering and Structural Systems, Living with
Wood and Design, Diversification of Wood Utilization, Business-Based Development of Technology, New Business
Concepts, and Developer Forum. Diversification of Wood Utilization is coordinated by the Finnish Forest Research
Institute. The objective is to create an active network between R&D organizations and companies, in order to plan and
initiate joint projects. The focus areas are: Utilization of hardwood, utilization of small-diameter wood, and material
technology. The poster presents examples of current research projects.
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Factors leading to unsustainable selective harvesting in mixed-species forests: A comparison of mahogany in
Quintana Roo, Mexico and red oak in Massachusetts, USA. Kelty, M., Camara Cabrales, L. (University of
Massachusetts, USA; kelty@forwild.umass.edu; camaracabrales@forwild.umass.edu).

Low-impact harvesting associated with uneven-aged management is often promoted for achieving sustainable forest
management, but results are not always as desired. This problem was examined in two regions that differ sharply in the
economic situation of landowners and the legal framework for land ownership and forest practices. In Quintana Roo
(QR), most rural land is owned by villagers as collectives (ejidos), and timber provides the main income. Most rural land
in Massachusetts (MA) is owned by individual families as an amenity, and does not produce a substantial part of family
income. Natural mixed-species forests predominate in each region, with one highly valuable species, red oak (Quercus
rubra) in MA and bigleaf mahogany (Swietenia macrophylla) in QR, occurring as dominants in a mixture of mainly low-
value species. A common silvicultural method in both regions consists of harvesting only the large mahogany or oak, even
though this will not sustain either species, because both require canopy openings that are substantially larger than single-
tree gaps for regeneration. Two factors common to both regions have led to this approach: 1) the great differential in value
among species; 2) the desire to minimize forest disturbance, by landowner choice in MA and by regulation in QR.

Norway spruce monoculures and their transformation to close-to-nature forests from the point of view of soil
changes in the Czech Republic. Klimo, E., Kulhavy, J. (Mendel University of Agriculture and Forestry Brno, Czech
Republic; kulhavy @mendelu.cz).

The current proportion of Norway spruce stands in the Czech Republic is approximately 54% — much higher than the
natural composition of 11% and the recommended 36.5%. This research focused on: defining the properties of forest sites
unsuitable for growing spruce monocultures, changes in elements cycling (particularly nitrogen), processes of the organic
residue decomposition, and relationships between nutrition, soil properties, and climatic conditions. A network of sites was
established for comparative studies of forest stands in various degrees of transformation. Transformation does not mean the
replacement of spruce monocultures with stands of other species, but rather assigning the proportion of spruce in accordance
with forest site capacity. Studies were undertaken of organic matter accumulation, nutrient concentrations in the organic
layers, acidification, and nutrition in stands ranging from spruce monocultures to mixed composition. Preliminary
conclusions are: spruce monocultures change the cycling of elements considerably during the first generation, organic matter
accumulation in spruce monocultures is highest in the H-layer and this layer remains to a considerable degree with newly
established broadleaved stands, patches of beech retard acidification processes, and the worst nutrition conditions in spruce
monocultures have not been statistically related to the lower (50 t/ha) or higher ( 150 t/ha) accumulation of surface humus.

Tree growth, lumber drying and wood properties of Nothofagus betuloides in Chile. Manso Martin, M., Nutto, L.,
Becker, G. (University of Freiburg, Germany; maria.manso@fobawi.uni-freiburg.de).

The native forests of southern Chile are dominated by species of the genus Nothofagus. A species with valuable wood
is Nothofagus betuloides. Commercial acceptance of this species is rather low, due to problems while processing and
drying the wood. It is estimated that 176,000 m*/year could be immediately used by the wood industry. The present
study aims to analyse tree growth, wood and cell structure, wood properties and wood quality of N. betuloides in order
to get new knowledge about how to optimize processing and kyln drying. There were 30 trees selected for the study.
For standing trees, dbh, height, growth stresses (at 1.3 and 5.5 m), crown size and form as well as stem inclination and
curvature were measured. After felling the trees, sample disks at 1.3 and 5.5 m (for retrospective growth analysis) and
small logs of 50 cm length at 1.2 and 5.6 m were taken (for wood property analysis). The logs from 1.5 to 5.5 m were
cut into boards using a backsawing system and the wood was classified according to local grading rules. Some of the
boards were used for a kiln drying and another sample for a vacuum drying experiment. The data will enable us
analyse the interactions between growth, wood properties, drying behaviour and lumber quality. The outcomes will be
used to optimize existing management and processing systems of Nothofagus betuloides.

Sustainable forest management in an era of declining timber prices: The British experience. Mason, B., Kerr, G.,
Humphrey, J., Quine, C. (Forest Research UK; gary.kerr@forestry.gsi.gov.uk; bill. mason@forestry.gsi.gov.uk;
Jjonathan.humphrey @forestry.gsi.gov.uk; chris.quine @forestry.gsi.gov.uk).

Britain has 2.7 million ha of woodland accounting for 11.6% of the land area. This area can be divided between
broadleaved woodland (1.1. million ha, of which 46% is ancient woodland) and coniferous, non-native plantations (1.6
million ha). In the last 30 years there has been an ever-increasing awareness of the social and environmental benefits of
woodland. This has had many positive outcomes: ancient woodland is fully protected and being restored; forest
certification has been embraced through the United Kingdom Woodland Assurance Standard, enhancing biodiversity is
a key forest policy objective, and forest managers are increasingly engaging with local communities and wider publics
to ensure that social benefits are obtained. Unfortunately during the last 10 years there has been a dramatic reduction in
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the market value of timber. The paper will examine how forest science and technology transfer can support managers
who are faced with these increasingly complex demands. This will be illustrated using newly developed research tools
that can be deployed in combination to support new practice. The developments include: ForestGALES, a model for
calculation of wind damage risks to woodland; Ecological Site Classification, a system to help make decisions based
on the ecological potential of a site; HARPPS, a knowledge base for the needs of priority species and habitats; and
finally, transformation of even-aged woodlands to ‘continuous cover’.

Changes in wood product proportions in the Douglas-fir region with respect to size, age, and time. Monserud,
R.A., Zhou, X. (USDA Forest Service, USA; rmonserud @fs.fed.us; xzhou@fs.fed.us).

We examine both the variation and the changing proportions of different wood products obtained from trees and logs in the
Douglas-fir region of the northwestern USA. Analyses are based on a large product recovery database covering over 40
years of recovery studies; 18 studies are available for Douglas-fir. Visual lumber grades were combined into four broad
value classes. We used the multinomial logistic model to estimate the yield proportion of each value class, while ensuring
that the proportions sum to unity for a given tree. In one sense, this is a meta-analysis, except that we have the complete
raw data. We also examine changes in wood product proportions with respect to future projections of current management,
harvesting trends, and sustainability. Large changes in wood product proportion are observed as the size of trees available
for harvest decreases over time. This directly ties the production of classes of wood products to questions of sustainability.

Stem analysis as an aid for providing annual growth records for plantation forests in the absence of permanent sample
plot measurements: the case of teak in Costa Rica. Pérez, D. (Ambiente Tierra, Costa Rica; diegoperez@ costarricense.cr),
Kanninen, M. (Center for International Forestry Research (CIFOR), Indonesia; m.kanninen@cgiar.org).

In the absence of growth series from permanent sample plot records, the forest plantation sector of Costa Rica, and
many other countries in Central America, have managed fast-growing plantation species without proper knowledge of
stand dynamics. In some cases, not even the stand age has been properly recorded, being unfeasible to develop
adequate management regimens for an intensive and economically attractive wood production. The use of stem
analyses represents a good possibility for developing growth curves based on yearly time series. From different studies
carried out on teak (Tectona grandis) plantations in Costa Rica, the stem analysis of different aged trees was used for
developing growth curves, aiming at providing useful information on the growth dynamics of the species through
different rotation periods and under different management regimens.

Evaluation of non-destructive testing methods for timber quality assessment on standing trees in mixed hill
dipterocarp forests in Sarawak, Malaysia. Reuter, M. (Bonn University, Germany,; manjareuter @ gmx.net),
Trockenbrodt, M. (Universiti Malaysia Sabah, Malaysia; mtrockenbrodt@ gmx.net), Friihwald, A., Heuveldop, J.,
Glauner, R. (Hamburg University, Germany, fruhwald@ holz.uni-hamburg.de; r.heuveldop @ gmx.net;
glauner@holz.uni-hamburg.de).

Three non-destructive methods for the detection of internal stem decay were evaluated regarding their suitability for large
scale application in Sustainable Forest Management Systems. The Resistograph micro-drill, revealing the density profile of
the bole, the Metriguard stress wave timer for sound velocity measurements, and the Visual Tree and Site Assessment were
applied on 140 trees of four commercial dipterocarp species (dbh > 40 cm). Eighteen of the assessed trees were felled. As
micro-drillings proved to detect stem decay with accuracy, they were used to verify the reliability of the other techniques.
The high time and power requirements of the Resistograph limited its suitability for large-scale applications. The stress wave
timer was faster and less power demanding. A significant difference between hollow and solid trees of high diameter classes
was found. The sound velocity was explained by wood density, moisture content, and hollowness in a multiple regression
model. The Visual Tree and Site Assessment classified as a reliable, fast, and cost-effective method. A set of parameters for
successful visual detection of internal stem rot of Shorea faguetiana Heim and Shorea parvifolia Dyer was identified.

Sustaining productivity of eucalypt plantations in Kerala, India. Sankaran, K.V., Chacko, K.C., Pandalai, R.C.
(Kerala Forest Research Institute, India; sankaran@kfri.org; chacko@kfri.org, rcp@kfri.org), Mendham, D.S., Grove,
T.S. (CSIRO FFP; Daniel.Mendham@ csiro.au; Tim.Grove @ csiro.au).

In India, eucalypt plantations are an important source of fibre for paper making and fuel for local villagers. Large areas
of land have been in eucalypt plantations for several rotations, and at many sites the productivity has been declining
through successive rotations. In 1997, we initiated a project to examine conservative site management options as a way
to restore the productivity of these sites. We established a large experimental infrastructure at four sites in Kerala,
consisting of up to seven separate fully randomized block experiments, examining inter-rotation management options
(organic matter manipulation, N-rate, P-rate, legume cover cropping, weed control, trenching, and thinning). Two of
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the sites were typical lowland E. fereticornis, and the other two sites were typical upland E. grandis. Following
treatments, we intensively monitored plantation productivity and impacts on soil and nutrient cycling for 1 full rotation
(6.5 years). We found that it is possible to achieve 2-3 fold growth increases through conservative site practices, but
productivity responses are dependent on site-specific factors. The key outcomes of this research will be presented, with
special reference to application in the broader context of tropical eucalypt plantations.

Predicting rot and round-wood end use volume in trembling aspen. Schneider, R., Riopel, M., Pothier, D. (Université
Laval, Canada; robert.schneider. 1 @ulaval.ca; martin.riopel @sbf.ulaval.ca; david.pothier @sbf.ulaval.ca), Coté, L.
(Ministere des Ressources naturelles, de la Faune et des Parcs, Québec, Canada; levis.cote @mrnfp.gouv.qc.ca).

Predicting net merchantable volume of standing trees is essential in Quebec because it affects stumpage fees.
Furthermore, round-wood end use is important in the provincial forest management context because it is used to
apportion the allowable annual cut between the different mill types. A new approach is proposed to predict both rot and
round-wood end use volumes in trembling aspen (Populus tremuloides). Stem age, height, and quality, as well as
ecological region and presence of Phellinus tremulae and Ceratocystis fimbriata fungi are the main factors used in
logistic regression to quantify the proportion of rotten merchantable volume. Once the net merchantable volume is
estimated, the breakdown to round-wood end use is achieved through a series of steps involving the presence of
Phellinus tremulae, saw log height, stem quality, and size as explanatory variables. The first step is a multinomial
regression which predicts the number of end uses which are present in the stem (i.e., pulp wood, low grade saw logs,
saw logs, low grade veneer, veneer). A series of logistic regressions then determines the presence of each end use, with
linear regressions predicting the round-wood volume of each end use.

Effects of thinning on the growth of natural stands of oak in the Ibero-Atlantic Zone. Silva-Pando, F.J., Rozados
Lorenzo, M.J., Rozas, V., Lépez-Sors Cano, C. (CIFA de Lourizdn, Spain; jsilva.cifal @siam-cma.org).

Oak (Quercus robur) is the climactic species in the northwestern Iberian Peninsula. In spite of the extent of this species
and the role it plays in the forest landscape, it has received limited scientific attention. Only in recent years has there
been an increase in the silvicultural knowledge of Q. robur. This project addressed questions regarding thinning in Q.
robur stands. Experimental plots were established in three different locations on the Iberian Peninsula to explore the
effects of different thinning regimes. Thinning treatments reduced basimetric area by 15, 35, and 55 %. On the thinned
plots, increases of 2—4 m’/ha/yr in the production volume were document relative to the control plot, as well as notable
diameter growth rate increases of up to 2 mm/yr at the 15% thinning level. The study found that growth response
following thinning was related to site quality and the physiographical characteristics of the plots.

Ecological forestry and eucalypt forests of south-western Australia. Stoneman, G.L. (Department of Conservation
and Land Management, Western Australia, Australia; geoffs@calm.wa.gov.au).

The model of ecological forestry has evolved as a part of the development of the concepts of ecosystem management
and ecologically sustainable forest management. Ecological forestry emphasizes that manipulation of a forest
ecosystem should consider, and as far as practicable work within the limits of, natural disturbance patterns prior to
extensive human alteration of the landscape. This paper evaluates the extent to which current forest management
practices in jarrah (Eucalyptus marginata) and karri (Eucalyptus diversicolor) forests of south-western Australia align
with this view of the characteristics and appropriate silviculture of ecological forestry. Characteristics and appropriate
silviculture of ecological forestry are evaluated in relation to (i) the stand level decisions of stand structure and harvest
timing and (ii) the landscape level decisions of harvest levels and age structures, and spatial patterns of harvest. The
paper also discusses the broader context within which ecological forestry operates, that is, the landscape triad of
conservation reserves, areas managed to ecological forestry principles and areas managed to production forestry, in the
south-western forests of Australia.

Designing policies for the protection of biodiversity in forested environments
Organizer: George Hoberg University of British Columbia, Canada; hoberg @interchg.ubc.ca

Integrative strategies for human development and biodiversity conservation. Bantayan, N.C. (University of the
Philippines Los Baiios, The Philippines; ncb@laguna.net), Ong, P. (University of the Philippines Diliman, The
Philippines; ongperry@csi.com.ph), Boquiren, R. (University of the Philippines Baguio, The Philippines), Pido, M.
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(Palawan State University, The Philippines), Lagunzad, D. (University of the Philippines Diliman, The Philippines),
Lagunzad, C. (Afeneo de Manila University, the Philippines), Balete, D.

In 1999, the Puerto Princesa Subterranean River National Park (PPSRNP) in the Philippines was inscribed as

a World Heritage Site because of its unique biodiversity and geological features. The core of the PPSRNP is the
Saint Paul Mountain Range, which features a spectacular limestone karst landscape with an underground river that
emerges directly into the sea. Integrative strategies for management were generated through a visioning process
for biodiversity conservation. The method of analysis and prescriptions for sustainable management was derived
from the Pressure-State-Response Model that describes the state of biodiversity. This state is continuously under
pressure from various direct factors and underlying socio-economic and political drivers. In response to these
pressures on the current state of biodiversity, society undertakes conservation actions to reverse the loss of
biodiversity. Illustrative examples under pressure, state, and response were elicited. At every step of the process,
indigenous knowledge was integrated until a set of strategies embracing human development and conservation
issues were formulated.

Landscape conservation through partnership in the Emerald Triangle protected forests complex. Chheang Dany
(Forestry Administration, Cambodia; wpo@forum.org.kh), Bun Radar (Forestry and Wildlife Training Centre, Forestry
Administration, Cambodia).

This initiative is jointly proposed by the participating countries Thailand, Cambodia, and Laos. This submission is

a response to the results of the 3rd PSC meeting held in Bangkok on November 23, 2003. The Project timeframe is
proposed for 2 years (2005-2006). The development objective of the project is to conserve trans-boundary biodiversity
in the Emerald Triangle Protected Forests Complex, situated between Thailand, Cambodia and Lao PDR, in

a framework of trans-boundary biodiversity conservation area (TBCA). Specific objectives are: 1) to strengthen
cooperation between Thailand, Cambodia and Laos for biodiversity conservation in respective trans-boundary
conservation areas, 2) to enhance protection and monitoring of the biological resources along tri-national borders, and
3) to strengthen the involvement of local communities and stakeholders in sustainable uses and management of natural
resources both in enclave communities and in the buffer zones. This initiative will extend lessons learned from each
countries and focus on implementation of planned biodiversity conservation activities. Among the project’s most
important outputs will be strengthened cooperation among the three countries on TBCA, increased human resource
capacity in biodiversity conservation and management, integrated conservation and development programs in the buffer
zone, and nature-based tourism packages to increase livelihood of local residents.

Science policy and ecosystem goods and services: an Australian forest perspective. Davey, S.M., Keenan, R.
(Bureau of Rural Sciences, Australia; stuart.davey@brs.gov.au; rodney.keenan@brs.gov.au).

The subject of ecosystem goods and services (or ecosystem services) is challenging for scientists and policy makers.
Current approaches to forest resource use are compromising the future provision of ecosystem services. This is because
of deficiencies in either policy and/or science. Hence there are growing requirements to consider ecosystem services in
forest policy, both domestically and internationally, involving issues associated with biodiversity conservation and use,
trade and the environment, land degradation, human health, water, economics, sustainable development, and global
sustainability. The forest science-policy dimensions of ecosystem services, and the connectivity of science and policy,
are reviewed from an Australian perspective. Science has a significant role in informing and shaping policies associated
with forest resources and ecosystem services. The subject of ecosystem services requires a coordinated and strategic
approach, domestically and internationally, to benefit both the scientific and policy considerations of the subject. Such
an approach would benefit the sustainable future of forests, and enhance natural resource and environmental
management and associated production systems, rural industries, and communities.

The CBD expanded programme of work on forest biodiversity as a global instrument for forest conservation.
Economic consequences of forest biodiversity conservation in Finland. Hinninen, R., Kallio, M. (Finnish Forest
Research Institute, Finland; riitta.hanninen @ metla.fi; maarit.kallio@metla.fi).

Decisions have been made to increase forest biodiversity conservation in southern Finland in the coming years.

In this study, we address economical consequences on the Finnish forest sector of alternative biodiversity
conservation schemes. Their potential impacts on supply, demand, prices, regional trade of wood, and forest
industry products are assessed. We also study how conservation could be allocated regionally to minimize potential
economical loss to the forest sector. In the study, we use a partial equilibrium model of the Finnish forest sector
and the main export markets. The model is disaggregated regionally, and based on production technologies. All the
Finnish pulp and paper production lines as well as major mill producing mechanical forest industry products are
individually modeled.
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Policies for protecting biodiversity in Canada’s forests: Divergent approaches among the provinces. Hoberg, G.,
Karmona, J. (University of British Columbia, Canada; george.hoberg@ubc.ca; jkarmo@interchange.ubc.ca).

This paper examines the development and implementation of biodiversity policies in forested environments in Canada.
It examines the specific policies adopted by the federal government and a number of provinces and territories. After
an over-view of the division of powers over biodiversity policy in Canada, we apply a modified version of
Lindenmayer’s checklist to examine policies in British Columbia, Alberta, Ontario, Quebec, Newfoundland, and the
Yukon: protected area targets, and progress towards those targets; protection of biodiversity in the ‘matrix’ outside of
protected areas at both the landscape and stand level; and connectivity. All the jurisdictions studied have elements of
each component of the checklist, with the exception of connectivity. Some jurisdictions are more advanced in terms of
matrix biodiversity protection, but there is a general pattern of implementation being constrained by socio-economic
pressures to maintain timber supply.

Designing socially acceptable conservation policy for biodiversity in private forests: Forest owners and citizens
views. Horne, P. (Finnish Forest Research Institute, Finland; paula.horne @metla.fi).

While biodiversity preservation is acknowledged to be an important part of ecologically sustainable forest
management, securing the social sustainability of the policy measures and regulations applied is vital for obtaining the
objectives of preservation in the long run. In private forests, incentive-based conservation mechanisms have been
advocated as a promising tool for integrating local forest owners into the conservation process voluntarily. This project
aimed at understanding the often heterogeneous and conflicting preferences for biodiversity conservation in forest
management, and the level of acceptance of potential policy instruments. Empirical data were collected by postal
surveys both from the supply side—private forest owners—and the demand side—Finnish citizens—who also pay for
the conservation costs. The value of and trade-offs between multiple attributes of nature conservation were analyzed
using the ‘choice experiment method’. The results showed that the preferences for conservation policy differed
between the attitude clusters. When the nature conservation values were placed abreast the socio-economic costs of the
conservation action, most of the respondents faced a trade-off situation. Policy instruments based on the cooperation of
forest owners were preferred to a more authoritarian approach in biodiversity conservation.

Lessons from biodiversity campaigns by non-governmental organisations in Japan and Germany: Learning it
the hard way? Kohsaka, R., Makoto, 1. (The University of Tokyo, Japan; ryo@kohsaka.jp), Kanuma, K. (The
University of Hokkaido, Japan).

Concerns for biodiversity have become a major ethical issue for governments, businesses, and scientists alike.
Non-governmental organizations (NGOs) have taken on active roles by raising awareness, advocating changes in
legislation, and mounting pressure at both national and international levels. These global movements have
highlighted the culturally embedded character of NGO campaigns and public perceptions. With the aim of
improving understanding, we studied the topical and multi-faceted issue of biodiversity, by comparing NGO
campaigns and their perceptions within an international setting (Germany and Japan). The project consists of three
phases: collection and analysis of campaign materials, interviews with campaigners or PR experts, and interviews
with members of the public. Visual materials are given priority. The expectation is that by providing NGOs with
evaluation information on their campaign, and they implement recommended changes, then their campaigns will be
better accepted by their target audiences. Contentious misunderstandings (between countries or between experts and
public) can easily become emotional and sensitive, but through the proposed systematic scientific analysis, different
cultures and societies may learn to adopt different ways of looking at such issues and begin developing a common
dialogue for communication.

A general framework and checklist for biodiversity conservation. Lindenmayer, D. (The Australian National
University, Australia; davidl@cres.anu.edu.au).

An overarching theme in forest biodiversity conservation is to maintain habitat suitability for forest biota. This is because
habitat loss is a key factor underpinning both the loss of biodiversity per se and the loss of species in forest ecosystems.
Five general principles can help meet the critical goal of maintaining habitat across the full range of spatial scales: 1)

the maintenance of connectivity, 2) the maintenance of landscape heterogeneity, 3) the maintenance of stand structural
complexity, 4) the maintenance of the integrity of aquatic ecosystems by sustaining hydrological and geomorphological
processes, and 5) the use of knowledge of natural disturbance regimes in natural forests to guide off-reserve forest
management practices. Developing management plans and strategies consistent with these five general principles is

a complex, challenging, and multi-scaled task. In attempting to meet this challenge, there are three broad groups of
conservation strategies that together form part of any credible approach to forest biodiversity conservation: 1) setting aside
large ecological reserves, 2) adopting landscape-level off-reserve management strategies, and 3) adopting stand-level off-



The International Forestry Review Vol.7(5), 2005 17

reserve management strategies. I present a simple, hierarchically arranged checklist of conservation strategies to guide the
development of forest conservation plans. The checklist is intuitive, but its elements have not previously been presented.

Planning optimal landscape configurations for the persistence of multiple species in a production landscape.
Nicholson, E. (University of Queensland, Australia; e.nicholson@zen.uq.edu.au), Frank, K. (UFZ, Germany), Regan,
T. (University of Queensland, Australia), Rochester, W. (CSIRO Marine Research, Australia), Possingham, H.P.
(University of Queensland, Australia).

Conservation planning methods have struggled to accommodate the viability of multiple species in a landscape. Rules of
thumb, such as aiming for larger and more connected areas of habitat, do not explicitly incorporate the dynamic between
amount and configuration of habitat from a species’ perspective. One way of dealing with this is to use a metapopulation
approach, where viability is a function of the landscape configuration and the species’ ecology. We present a novel
method for optimizing landscape configuration for more than one species by minimizing the combined extinction risk,
subject to a conservation budget. The budget may be area of habitat, cost of acquiring land, or forgone timber in

a forestry region. We estimate metapopulation extinction risk with a stochastic spatially-explicit metapopulation model,
and optimize across the species using simulated annealing. As a result, we are able to incorporate both the amount and
spatial arrangement of habitat areas from a species-specific perspective, such as the species’ capacity to move between
areas, directly into the objective of our conservation planning method. Because this optimization problem is too large to
solve exactly, we use a fast approximating method—simulated annealing. We apply this method to a forestry landscape
in northeast Tasmania, Australia, where population models for several forest-dependent species, encompassing a broad
taxonomic spectrum and large variation in life history attributes, were developed.

Biodiversity policy assimilation to forest management in Finland: an institutional analysis of professional
organizations’ practices. Primmer, E. (Finnish Environment Institute, Finland; eeva.primmer@ymparisto.fi).

Biodiversity has been on the global forest policy agenda for over a decade, and in Finland, it gained status as a central
objective parallel to timber production in forest legislation in 1996. The actors operating in this new context include a vast
range of public and private organizations, which serve the 600,000 non-industrial private forest owners in an operating
environment where forestry extension systems are far institutionalized. These organizations are in key positions to interpret
biodiversity policies and integrate biodiversity conservation in their practices. This group of actors poses both a challenge and
an opportunity for biodiversity policy design. Responding to multiple incentives, including the legal stipulations, forestry and
nature conservation organizations develop strategies to guarantee their subsistence and maximise their own interests. The
strategies are based on their resources, competencies and values, and constrained and enabled by formal and informal
institutions. Understanding strategy formulation requires acknowledgement of both compliance and innovative solutions.
This presentation will portray a framework developed for analyzing biodiversity policy implementation by forestry and
nature conservation authorities as well as public, private, and associational professional organizations. The framework, to be
applied in empirical research in the future, will be discussed within the context of current institutional patterns in Finland.

Economics of forest multi-functionality

Organizer: Jean-Luc Peyron GIP ECOFOR, France, and ENGREF/INRA, France; peyron@gip-
ecofor.org; peyron @ nancy-engref.inra.fr

Valuing Mediterranean forests: Towards total economic value. Croitoru, L. (University of Padua, Italy;
lelia@ contagra.unipd.it), Peyron, J.-L. (GIP ECOFOR, France, and ENGREF/INRA, France; peyron@ gip-ecofor.org).

Mediterranean forests are outstanding for the public goods and externalities they provide, rather than wood production.
Yet, few efforts for their comprehensive valuation have been undertaken, previously, with results poorly disseminated
worldwide. This paper discusses the methodology and results of a project to value the benefits of MEDiterranean
FORest public goods and EXternalities (MEDFOREX). MEDFOREX involved collecting estimates of forest benefits in
each Mediterranean country according to the Total Economic Value (TEV) concept. Valuation was based on a wide
range of methods, drawing on official statistics, supplemented by results of local surveys. The estimates were then
analyzed at regional, country and cross-country levels. In several countries, the most significant benefit is that of
regulating water-related issues, reaching up to $122/ha. Grazing and non-wood forest products are important benefits in
the south and east, while recreation and carbon sequestration tend to be higher in the north. Negative externalities arise
primarily from forest fires in the north and from erosion due to poor forest management in the south. Achieving

a consistent valuation of forest benefits is difficult. MEDFOREX exercise shows how available data can be used to
arrive at such estimates, and identify areas where additional research is particularly needed.
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Policy instruments to enhance multi-functional forest management. Cubbage, FW., Sills, E. (North Carolina State
University, USA; fred_cubbage @ncsu.edu), Harou, P. (World Bank, USA, and ENGREF/INRA, France; harou@nancy-
engref.inra.fr).

Sustainable forest management has become the salient theme in forestry throughout the world today. This theme
recognizes that forests are managed for a variety of economic, social, and ecological benefits. This explicit recognition
of many outputs and services as management objectives has recast our economic analyses on the values of forests.
Similarly, our policy tools must be reformed to achieve the goals of multi-functional forestry and must span many
dimensions of forest characteristics. First, they must consider the existing land tenure and ownership and the
concomitant private and public goals. Second, they must consider this social context and select appropriate means of
allocating resources. Third, they must consider the values of these goods and services in market and non-market terms,
and the mix of these values at the stand, landscape, and regional scales. Fourth, they must consider the types of policy
instruments available and their success at achieving our private and social goals for multifunctional management. We
review our policy tools in this context and assess their potential success in meeting the objectives of forest landowners
and society in achieving sustainable forestry goals in the future.

Costs and benefits of multifunctional alpine forests. Goio, 1. (IVALSA-CNR, Italy; ilaria.goio@ivalsa.cnr.it;
ilaria.goio@libero.it), Gios, G., Notaro, S., Raffaelli, R. (University of Trento, Italy; geremia.gios@economia.unitn.it;
notaro.sandra @ economia.unitn.it; roberta.raffaelli@economia.unitn.it).

The multifunctional role of Alpine forests was recognized long before the term ‘multi-functionality’ became popular in
the debate on economics and policy. In fact, along with traditional products (timber and non-timber), mountain forests
have always produced different outputs such as landscape and recreational amenities, biodiversity conservation, and
flood protection. The scientific debate about multi-functionality has been focused on the analysis of the public good
and externality aspects of forest production in an efficiency framework. Relatively little attention has been paid to
welfare implications. For this reason, the aim of this paper is to determine 1) who bears the costs associated with the
outputs provided by Alpine forests, situated in the province of Trento (north-east of Italy) and who are the
beneficiaries, and 2) what is the amount of cost and benefit flows. A comprehensive evaluation of costs and benefits
permits discussion of different mechanisms in order to maintain multifunctional Alpine forests.

Forest valuation strategies for Northwest Himalayas, India. Gupta, H.K. (Forest Survey of India, India;
ghemant_sml@ hotmail.com), Joshi, M. (University of Horticulture & Forestry at Solan, India;
Jjoshi_manojl @rediffmail.com).

The valuation of Northwest Himalayan forests are most viable options for supporting and maintaining natural
resources and sustained livelihood opportunities for forest dwelling rural people. Micro level assessment of the
different perceptions of the stakeholders is required for effective valuation of plant diversity, watershed values, nature-
based tourism, and livelihood incentives for participatory forest management. The biotic resources of the Himalayas
are under continuous threat due to developmental activities. Nature-based tourism is promoted without any attention to
the ecology that is also threatening the biotic component. There is not much awareness about the value of dwindling
genetic resource base among the local population. Local communities are displaced and deprived of their customary
rights of access to resources due to development projects and deprived of livelihood incentives drawn from surrounding
forests. Participatory forest management incentives need to be assessed for benefit and cost of participation of local
forest users to develop effective strategies for increasing livelihood avenues. Economic and equity aspects of medicinal
plants have been discussed with special focus on Northwest Himalayas.

Valuing recreational benefit of forest resources: An application of individual travel cost and contingent valuation
methods in Turkey. Pak, M. (Kahramanmaras Siitcii Imam University, Turkey; mpak @ksu.edu.tr), Tiirker, M.F.
(Karadeniz Technical University, Turkey; mft@ktu.edu.tr).

The wood based products and some non-wood products supplied by forest resources can be stated in monetary term in
Turkey, but the economic values of other forest goods and services cannot be properly calculated. Consequently, although
forests cover more than  of the land area, forestry amounts to only 0.5% of the GDP. Travel Cost, and Contingent
Valuation Methods are most widely used in the determination of value of recreational use of forests. However, these
methods are not well known and used in Turkey. In this paper, the value of recreational use of forests was estimated by
using the Individual Travel Cost, and Contingent Valuation methods with the case study of Diiliikbaba Forest Recreation
site located in the East Mediterranean Region of Turkey. As a result of the study, the value of Diiliikbaba Forest
Recreation Site (Consumer Surplus) was estimated as $5 per person per visit. According to the contingent valuation
method, total willingness to pay per year was calculated as $150,565 for the current situation, $405,105 Lira for the
developed situation 1, and $409,262 for the developed situation 2 of Diiliikbaba Forest Recreation Site.
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Implementation of multifunctionality under cost-benefit analysis. Peyron, J.-L. (GIP ECOFOR, France, and
ENGREF/INRA, France; peyron@ gip-ecofor.org).

Cost-Benefit Analysis is a widespread economic approach. It allows consideration of market- and non-market-oriented
forest issues with a global view, and evaluation of corresponding solutions. It is particularly valuable to think about
multifunctionality and its implementation, either in a social perspective or in a private one when public policies are at stake.
At the stand level, many situations exist between the extreme monospecific even-aged or mixed-species uneven-aged ones.
The main issues addressed are the rotation age (monospecific, even-aged stands), optimal stocking, diameter distribution
and species composition (mixed-species uneven-aged stands) according to land and stock values, flows of environmental
services and links between several functions in connection with the forest conditions. Conversion from one stand structure
to another is also a promising issue in order to increase the fit between supply and demand of these many forest functions.
Forest conditions vary from one place to another and the spatial distribution of forest functions has to be dealt with at more
aggregated levels. Although theoretical approaches have been developed in all these fields, much work remains in order to
precisely estimate, in time and space, the different values involved and evaluate more accurately forest multifunctionality.

On forest externalities, valuation and related concepts. Riera, P. (Universitat Autonomia de Barcelona, Spain, and
Centre Tecnologic Forestal de Catalunya, Spain; pere.riera@uab.es).

The externalities and multiple products and services offered by forests to society are reflected in the economic analysis
through the use of different concepts. The labels used for those concepts are sometimes confusing, and may mislead
the uninformed reader. Furthermore, it is not exceptional in the literature to see the labels and concepts misused. This
paper is an attempt to clarify some of these concepts, placing especial emphasis on the origin of labels like
externalities, public goods, contingent valuation method, travel-cost method, hedonic pricing, private value, social
value, total economic value, use value, existence value, option and quasi-option values, and others. Together with the
justification for their appearance, the paper reviews the evolution of the concepts and the consolidated current use by
economists and foresters, referencing the key contributions from the main authors, particularly in forest economics.

Forest products markets: More than just selling and buying. Ronalds, G., Jerez, M., Rosales, G. (Universidad de
Los Andes, Venezuela; ronalds@ureach.com; mjerezr@cantv.net; geovannirr@yahoo.com).

Forest products markets must fulfil many functions that are more relevant than the simple commercialization of its products.
It is not enough to verify on these markets if a product comes from sustainable production sources. We must go further than
this and try to favor the marketing of products which come from management systems that help the people of greatest need
to improve their standard of living. More simply speaking, we must try to promote the economic development of places that
are repressed by the market itself. In an integrate way, we have to make sure that small producers can get the highest benefits
from forest production by improving their access to the markets, and by showing them how to diversify their production and
increase the added value of their products. This presentation looks at international policies that have been adopted in order to
promote the development of such markets. At the same time, it presents some practical considerations founded on other
studies, which in a real and tangible way help to achieve the implementation of these policies effectively and efficiently.

Multifunctionality in a sustainable global and national forest system. Sedjo, R.A. (Resources for the Future, USA;
sedjo@rff.org).

Multifunctionality is the recognition that forests have to fulfill several functions such as production, conservation, and
recreation. It is directly linked with sustainable forest management. The Earth Summit of Rio in 1992 gave a definition
of sustainable management in the following terms: ‘Sustainable management means the stewardship and use of forests
and forest lands in a way, and at a rate, that maintains their biodiversity, productivity, regeneration capacity, vitality and
their potential to fulfill, now and in the future, relevant ecological, economic and social functions at local, national and
global levels, and that does not cause damage to other ecosystems’. This paper examines the concepts of forest
multifunctional sustainability in both a global and a national context. In many cases the ecological, economic and
social functions of sustainable forestry are complementary. However, in some cases conflicts may exist. Is there an
opportunity to achieve both the benefits of specialization while maintaining the multifunctionality of the forests? The
suggested answer is ‘yes’ in a global or even regional context, but in many cases ‘no’ at the stand or forest level.

Rational valuation of socio-economic importance of forest services for the society: basic prerequisite for
calculation of socio-economic effectiveness of multifunctional forestry. Sisak, L. (Czech University of Agriculture in
Prague, Czech Republic; sisak@fle.czu.cz).

Socio-economic effectiveness reflects the relationships between outputs and inputs. Inputs, i.e. costs, spent in
processes connected with providing the society with forest services can be usually expressed with sufficient
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accuracy. But socio-economic outputs — important forest services for the society — are treated and calculated with
extreme difficulty by different methods. It is questionable to base the valuation of non-market forest services
uniformly on approaches that result, generally, in extremely high values. Some examples are valuation of ecosystem
services, and expression of existence values. Such values would justify almost any high cost in forestry, and any
share of forest lands in the landscape to the detriment of all other parts and uses of landscape in Central Europe.
Non-market forest services are not uniform from the view of their socio-economic impact (mediated market, non-
market) on the society. Valuation methods must reflect different socio-economic impacts (tangible and intangible)
on the society, and different purposes of valuation. It should be taken into account that both market and non-market
forest services are generally equal in their importance for the society as both of them are of vital significance for the
society, and for the environment.

Long term economic analysis of multi-products from Quercus suber forests managed under discontinuous and
continuous cover forest management systems. Tomé, M., Paulo, J. (Instituto Superior de Agronomia, Portugal;
magatome @isa.utl.pt; joanaap @isa.utl.pt).

Cork oak (Quercus suber L.) in Portugal are a very particular system. The main product is not wood but the cork
(bark), stands have a relatively small number of trees per ha (sparse forest) and it is an usual practice to grow
agricultural crops or grass and herbage in association with the trees (agroforestry system). There is a need to decide
about the best management option/silvicultural system towards the rejuvenation/maintenance of these stands. One
alternative may be to clear-cut the stand (as a whole or by small plots) followed by natural or artificial establishment of
a new stand. A second alternative may be the gradual transformation of the stand towards continuous cover forestry.
A third alternative, for instance, is the use of successive regeneration fellings. In this poster an existing growth and
yield model is used to simulate long-term management of cork oak stands under different management alternatives.
Model output includes both wood and cork. An economic analysis of each of the alternatives tested is made
considering not only the forest products but also the possibility to grow sheep or cattle if stand density is
maintained at a low level.

Estimation of benefits and costs to stakeholders of Joint Forest Management: Case of central Indian tropical
forests. Verma, M., Singh, U. (Indian Institute of Forest Management, India; mverma@iifm.org;
us7_sara@yahoo.com; usingh@iifm.org).

Research on Economic Analysis of Joint Forest Management (JFM), a forest management strategy under which the
government and the local forest users jointly protect and manage the forest and share responsibilities and benefits,
practice is elementary. Many research studies on social- and farm forestry in India are lopsided and focused only
on marketed costs and benefits. Even in exploratory research on JFM, holistic analysis is lacking. To assess the
economic viability of the JFM intervention, various tangible and intangible benefits and costs are being estimated.
The study is underway in tropical forest regions of central India. Data, from different group of stakeholders of
JFM, is collected on various forest goods and services. Data on direct costs along with opportunity and transaction
costs are also gathered. These benefits and costs are being estimated by employing evaluation techniques for
different goods and services. To measure the project worth and economic efficiency, extended cost benefit analysis
will be done. Results of the study will be used to find ways to sustain the livelihood of vulnerable sections of the
society and reduce poverty. It also develops a comprehensive methodology of economic analysis of Forest
Management activities.

Multi-criteria and multivariate methods for multi-functional forest management. Zadnick Stirn, L. (University of
Ljubljana, Slovenia).

Decisions in forest management are subjected to multiple objectives stemming on the one hand from individuals,
such as owners, experts, investors, and on the other from the society, represented by the public. The problem of
such a multi-functional decision making deals with conflicts and calls for a satisfactory attainment of economic,
ecological, and social objectives and a balance between the needs of the society and the individual. The problem
has precipitated the development of a decision support model in which the decisions are first evaluated from an
individual’s point of view. In this case, for each decision, the objectives are assessed by a multidimensional
linear utility function, verified by economic and environmental indicators. Further, the society’s participation in
decision making is expressed through surveys and the use of multivariate methods. Finally, knowing the effects of
decisions on the individual and the public, the analyst determines the best compromise decision. If he finds out
that both evaluations are in disagreement, the analytic hierarchy process is used to manage the conflict, produce
judgment and develop a compromise decision. To demonstrate this approach, a case study involving a forest in
Slovenia was used.
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Environmental planning for harmonizing forest biodiversity conservation and
sustainable development

Organizers: V.B. Mathur and Asha Rajvanshi Wildlife Institute of India, India; vbm @wii.gov.in; ar@wii.gov.in

Restoring forests on mined land in the USA: results and outcomes of a 25-year research program. Burger, J.A.
(Virginia Polytechnic Institute and State University, USA; jaburger@vt.edu).

The mixed mesophytic forest of the eastern USA is one of the most diverse, productive, and valuable temperate forests in
the world. Strip mining for coal totally removes the forest ecosystem. Over 500,000 ha of native forest land have been
converted to mine spoils, vegetated primarily with unproductive grasses and shrubs replete with invasive species—Iless than
10% of mined land is replanted with native forests due to inadequate technology, economic disincentives, and regulatory
constraints. I established a long-term forestland reclamation program in 1980 to develop mined land reclamation techniques
specific for restoration of the native forest. Our studies show that forest site quality was routinely degraded in the process of
mining, but, if properly reclaimed based on our guidelines, post mining forests can be as diverse and productive as native
forests. Thousands of hectares of forest land are now being restored to native forests for multiple forest values. The results
of this 25-year research program are consistent with other disturbed land reforestation programs in other parts of the world.

The future of biodiversity conservation amidst development: reflection and vision. Marcot, B.G. (USDA Forest
Service, USA; bmarcot@fs.fed.us), Nyberg, J.B. (B.C. Ministry of Forests, Canada; brian.nyberg @ gems6.gov.bc.ca).

Evaluating anthropogenic influences on biodiversity should span freshwater, aquatic, marine, and terrestrial environments.
Protected areas alone cannot save biodiversity because boundary effects pervade landscapes, as learnt from the situation in
Zimbabwe. Instead, we should clearly articulate goals and realistic expectations for biodiversity elements on each land use
allocation, as being attempted in India. Relying only on threatened, endemic, indicator, flagship, and umbrella species will
not suffice. We must look across taxonomic and functional groups, and also better account for local extirpations of species,
subspecies, demes, and metapopulations. We need a clear classification and valuation method of ecosystem services. Trends
of simplification as seen in Germany and China, and the conversion and loss of forests witnessed in Ecuador, have
degraded biodiversity, but variable retention in Canadian forests and selection harvesting practices adopted in Russia, can
help maintain forest biodiversity elements. Integrating cultural and religious interests with sustenance and conservation will
be a major theme in Alaska, Malawi, and northeast India. We need to emphasize biodiversity conservation more at local
project scales in Cameroon and Congo, and use landscape ecology to redesign urban sprawl and reduce impacts on
hydrologic systems as in Florida. Ultimately, population density and growth in countries like China, India, and Mexico will
determine what our planet will be capable of producing and supporting for centuries to come.

Mitigation of biodiversity impacts of water resource projects: Pitfalls and lessons learned. Mathur, V.B. (Wildlife
Institute of India, India; vbm@wii.gov.in).

India and Sri Lanka are the leading countries in South Asia in harnessing water resources for economic development.
As a consequence of rapid strides in dam building, the impoundment of vast tracts of rich and diverse forests and habitats
of endangered species is the major cause of biodiversity decline. This paper stresses the relevance of mainstreaming
biodiversity issues in water resources planning and emphasizes the need to adopt mitigation strategies that tend to
promote proactive approaches for biodiversity conservation. The paper presents the findings of the environmental
assessment of Narmadasagar Project on the Narmada River in the State of Madhya Pradesh and the Mahaweli Project in
Sri Lanka. These projects involved submergence of large forested tracts and relocation of sizable human population. The
impacts of the Mahaweli project on the conservation of Asian elephant and of the Narmadasagar Project on biodiversity
values have remained significant due to inadequate mitigation planning in the former and lack of implementation of well
conceived mitigation measures in the latter. Although public participation in environmental planning is gradually
improving, experience suggests that neglect of people’s participation in development planning can seriously undermine
the effectiveness of the long-term prospects of biodiversity conservation.

Road induced threats to biodiversity conservation: the need for better mitigation planning and design options.
Rajvanshi, A. (Wildlife Institute of India, India; ar@wii.gov.in).

While the timeless debate on the issue whether development leads to roads or roads lead to development may still
continue, the role of roads in inducing threats to biodiversity has never been a subject of contention among ecologists.
With the existing road length exceeding 3.0 million km in India, transport infrastructure still remains a rapidly expanding
sector in the country. These road building initiatives in India, involving new highways, expressways, and link roads, and
upgrading and widening of existing roads pose major challenges for biodiversity conservation. This paper discusses the
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experiences and lessons drawn from environmental assessment of some road projects in India. Although species specific
and ecosystem based mitigation strategies, and enabling design options can provide feasible approaches for mitigating
biodiversity impacts, a more practical strategy for addressing biodiversity related impacts of road projects requires greater
focus on elements of larger ecosystem infrastructure, critical habitats, threatened and valued ecosystem components, and
a fair knowledge of other developments in the surrounds. Implementation of monitoring plans for ensuring compliance of
proposed mitigation measures and well conceived species specific conservation plans ultimately determine the levels of
success that would be achieved in effectively mitigating the impacts on wildlife and habitats.

Uneven-aged silviculture: from temperate to tropical forests

Organizers: Kevin O’Hara University of California, USA; ohara @ nature.berkeley.edu, and Armin
Seydack South African National Parks, South Africa; ArminS @ SANParks.org

Using a hybrid model (GLOB-3PG) to predict future wood and biomass production in Eucalyptus globulus plantations
in Portugal under different climate scenarios (catchment level). Amaral, A., Gonzdlez, R.S., Pascoa, F. (Escola Superior
Agrdria de Coimbra, Bencanta, Portugal; aamaral@esac.pt; rsalas@esac.pt; fpascoa@esac.pt), Tomé, M., Tomé, J., Corti-
cada, A. (Instituto Superior de Agronomia, Portugal; magatome @isa.utl.pt; joseatome @isa.utl.pt; anacorticada@isa.utl.pt).

Eucalyptus plantations cover 672,149 ha of continental Portugal and represent 21% of the total forest area. Eucalyptus is
mainly used by the pulp industry, which is of great relevance to the national economy. As a consequence, this species has had
the most attention for growth and yield empirical modeling. The development of process-based models applied to eucalyptus
is a recent area of research in Portugal. These models require large amounts of input data and parameter values, and do not
produce simple and useful results to most practical applications. Models of the 3PG type are simple process-based models
requiring few parameters and readily available data as input. Data available in Portugal have been used to calibrate and adapt
3PG to Portuguese E. globulus plantations. GLOB-3PG is a hybrid model that has been developed based on 3PG and existing
growth and yield models in Portugal (GLOBULUS and GLOB-tree). This paper describes an application of GLOB-3PG to
predict future wood and biomass production in small eucalyptus catchments located in central coastal Portugal. Data from
forest inventory of the stands is the main input for the simulations and alternative future climate scenarios will be considered.

Application of the forest growth model 3-PG to Eucalyptus globulus stands in the central region of Portugal.
Amaral, A., Gonzélez, R.S., Pascoa, F. (Escola Superior Agrdria de Coimbra, Bencanta, Portugal; aamaral@esac.pt;
rsalas@esac.pt; fpascoa@esac.pt), Tomé, M., Tomé, J., Soares, P. (Instituto Superior de Agronomia, Portugal;
magatome @isa.utl.pt; joseatome @isa.utl.pt; anacorticada@isa.utl.pt).

Great efforts have been carried out on modelling Eucalyptus globulus growth in Portugal, with the objective that those
models can become reliable decision tools to forest planning and management. Models based on physiologic processes
and environmental variables have as main advantages the possibility to: foresee the consequences of climate changes to
forest growth, estimate the growth potential of places never planted before, estimate the growth of stands for which no
measurements were made, and determine the effect of management practices. These attributes make process-based
models an essential instrument for current forest management. Process-based models require a large number of initial
parameters, which are difficult to gather, limiting their practical application. The present work describes the application
of a hybrid model combining the 3PG process model — requiring a restricted number of parameters easy to get — and
the Globulus 2.1 model. The study was carried out in E.globulus stands in two catchments in Caramulo, Portugal. In
this work we present the results achieved with the new tuned parameters for Portugal. The first results evidence a good
general behaviour of the model, in what concerns to its predictive capacity of volume and biomass.

Light requirment model for beech (Fagus orientalis Lipsky) in natural and unevenaged stands. Azadfar, D.
(Gorgan University of Agricultural Sciences and Natural Resources, Iran; azadfar.d@gau.ac.ir).

This research has been done in order to consider quantitative and qualitative alterations of peroxidase enzyme and the
Crown Illumination Index on different growth stages of beech (Fagus orientalis Lipsky). Crown position classes were
classified for this species according to its light reaction. Then, from two natural and uneven-aged stands, 1-4-year-old
branches in each crown position class of 84 randomly selected individuals were collected for analysis. All crown
characteristics of the individuals was measured. Quantitative and qualitative activities of peroxidase were determined by
spectrophotometer and electrophoresis respectively. Results indicated that there is a clination point for beech reaction on
light intensity from pole stage (25-30-year-old) to sawtimber stage (45-50-year-old). Generally, it can be concluded that
this species is adapted to low and lateral light before 25-30-year-old and direct light after that up to maturity.
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Generalized tree biomass equations: an accurate and cost-effect foundation for regional biomass estimation?
Case, B.S. (Lincoln University, New Zealand; caseb@lincoln.ac.nz), Hall, R.J. (Natural Resources Canada, Canada;
rhall@nrcan.gc.ca).

Accurate estimates of aboveground tree biomass (ATB) are fundamental for forest ecosystem modeling and regional
carbon accounting. Despite the abundance of ATB equations in the published literature, most have been developed for
relatively small geographic areas, thereby limiting their general applicability and accuracy for regional scale analyses.
Generalized biomass equations have been proposed as a more regionally-applicable and cost-effective alternative for ATB
estimation. Developed using geographically-extensive datasets that incorporate a large range of site and environmental
variation, generalized equations are hypothesized to generate relatively accurate predictions for the entire regional extent.
However, a critical question remains unanswered: is there a significant loss in predictive accuracy in using generalized
ATB equations at a site scale relative to site specific equations? To address this question, we developed a set of
generalized ATB equations using data pooled for a large portion of western Canada and then tested the equations at 147
individual sites. Biomass estimates produced using the generalized equations did not differ statistically on average from
those based on local site equations across all sites. The results suggest that more effort should be directed towards
exploring the development and validation of generalized ATB equations by collating existing regional biomass datasets.

Forest dynamics models as decision tools for managers: state of the art in tropical moist forests. Gourlet-Fleury,
S., Picard, N., Cornu, G. (Forest Department of Cirad, France; nicolas.picard@cirad.fr; guillaume.cornu@cirad.fr).

Forest modelling for yield prediction has been an active topic for more than one century in temperate countries. Yet, until
recently the models developed deal mainly with mono-specific, usually even-aged stands, while modelling mixed forests
stands remains a challenging matter. Highly heterogeneous multi-specific moist forests encountered in the tropics set
particular problems to modellers: scarcity of permanent sample plots on which to calibrate models, lack of data, and limited
knowledge of most of the species encountered, result in uncertainty of predictions of the highly detailed models needed to
take into account the heterogeneity of the stands. Nevertheless, in a context where most of those forests are threatened and
growing efforts are made to put them under management plans, tools able to help managers to explore silvicultural options
and evaluate their compatibility with the demographic characteristics of exploited species are of utmost importance. Based on
a review of published work, and inquiries of various decision-makers in the three continents, we analysed: 1) the progress
made and the main constraints remaining in building modelling tools and software for tropical forests, and 2) the reasons
why the use of models by many managers remains anecdotal, despite important progress realized during the last 10 years.

Silviculture and management in uneven-aged temperate forests. Hasenauer, H. (BOKU University of Natural
Resources and Applied Life Sciences Vienna, Austria; hubert.hasenauer @boku.ac.at), Zingg, A. (Swiss Federal
Institute for Forest, Snow and Landscape Research WSL Birmensdorf, Switzerland; andreas.zingg @wsl.ch).

Forests have a long history of human influence. The results have been a reduction in forest covered land area, changes
in species distribution as well as intensive thinning and harvesting to ensure sustainable timber supply. During the 17®
and 18" centuries, catastrophic events resulting from uncontrolled harvesting operations led to the implementation to
rigorous forest laws, the founding of forest research organizations, and forest education programs throughout Europe.
The main focus was to enhance our understanding of sustainable forest management and to ensure sustained timber
and fuel wood supply. These, mainly production driven ideas, have been implemented in different silvicultural
management systems and have helped to enhance sustainable forest management practices. The purpose of this
presentation is to give an historical overview of silvicultural concepts including the main achievements. Open research
questions as well as concepts and philosophies in managing forests (e.g., uneven vs. even aged management, different
mixtures, and species changes) are discussed and application examples are presented.

Sustainable forest management tools. Hasenauer, H. (University of Natural Resources and Applied Life Sciences
Vienna, Austria; hubert.hasenauer@boku.ac.at).

Within the past two decades, and particularly since the ‘Brundtland Report,” sustainability has become a key term in
emphasizing the relationship between economic progress and nature. Forests, as one of the main ecosystems within the
landscape, have been severely modified by humans. The result is a reduction in forest covered land area, a change in tree
species distribution, and a deterioration of forest soils. With the improvements in our understanding of key ecosystem
processes and the change towards a multidisciplinary approach to define sustainability, many models have been
developed. Such forest ecosystem models are designed to reproduce, quantify, and describe ecosystem processes, and may
be understood as diagnostic tools to study forest production issues, water balance issues, etc. Conflicting interests such as
simplicity, observability, and biological realism must be addressed to ensure a well balanced modeling approach.
According to the end user needs they may work at different temporal and spatial scales. This presentation introduces
different concepts, explains key principles as they are important for the formal description of the system, and addresses
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advantages and disadvantages in using modeling tools at various scales. Application examples demonstrate how detailed
plot specific information may be generalized so that an efficient use of existing information across scales is possible.

Biodiversity conservation in strip and group cutting systems in conifer plantations in Japan. Ito, S., Ishigami, S.
(University of Miyazaki, Japan; s.ito @ cc.miyazaki-u.ac.jp), Mizoue, N. (Kyushu University, Japan,
mizoue @agr.kyushu-u.ac.jp), Buckley, G.P. (Imperial College, UK; peter.buckley @imperial.ac.uk).

There have been increasing demands in many countries to improve biodiversity conservation by moving away from
large-scale clear-cutting systems and adopting alternative silvicultural systems. Applying group and strip cutting
systems (GCS and SCS) is being considered as an effective way to transform simple even-aged to uneven-aged
plantation forests, and thus to maintain or encourage the biodiversity in managed forests. We investigated the
understory vegetation in mature sugi (Cryptomeria japonica) and hinoki (Chamaecyparis obtusa) plantations in which
GCS and SCS had been carried out for 30—40 years. The results were compared with those of large-scale conventional
clear-cutting systems (CCS) to examine the advantages of the alternative systems in biodiversity conservation.
Vegetation cover, height, and light environments in the understory of GCS and SCS stands had no clear difference
compared with those in CCS. However, cluster analysis and DCA ordination indicated important differences in species
composition, with GCS and SCS vegetation being characterized by species more typical of semi-natural forests, while
that of CCS vegetation had more disturbance-related species able to colonize open sites. These results suggest that
GCS and SCS may be more effective than CCS in conserving plant species of natural forests.

Response of uneven-aged interior Douglas-fir to different thinning regimes: 11-year results. Lee, T., Marshall, P., Day,
K. (University of British Columbia, Canada; terryubc @interchange.ubc.ca; peter.marshall@ubc.ca; ken.day@ubc.ca).

A thinning trial was installed in stands of uneven-aged Douglas-fir (Pseudotsuga menziesii var. glauca (Mirb.) Franco)
in the early 1990s on the Knife Creek Block of the University of British Columbia’s Alex Fraser Research Forest, near
Williams Lake, British Columbia, Canada. Three thinning regimes plus a control were applied randomly to one-quarter
of each of three 40 ha blocks (replicates). Each thinning regime and block combination was sampled with two plots,
yielding 24 plots in total. The plots were last measured following the 2003 growing season; this represented the third
measurement subsequent to the thinning treatments. This paper presents the growth differences among the treatments,
on both a per tree (size class) and a per ha (stand-level) basis, since the time of thinning. Responses are explained in
terms of apparent competition mechanisms that occur in moisture-deficient stands such as these.

Implications of strip and group cutting systems in conifer plantations in Japan. Mizoue, N. (Kyushu University,
Japan; mizoue @agr.kyushu-u.ac.jp), Ito, S. (University of Miyazaki, Japan; s.ito @ cc.miyazaki-u.ac.jp), Inoue, A.
(Tottori University, Japan, iakio @muses.tottori-u.ac.jp).

There have been increasing demands in many countries to move away from large-scale clear-cutting systems and adopt
alternative silvicultural systems. In Japan, plantation forests occupy about 10 million ha, 40% of forested lands, most of
which are simple, even-aged conifer forests of sugi (Cryptomeria japonica) or hinoki (Chamaecyparis obtusa). Applying
group and strip cutting system are being considered as an effective way to transform simple, even-aged to uneven-aged
plantation forests. These systems had been originally adopted in the 1940s in Hokkaido, northern Japan, in order to
encourage the early growth of planted trees and to prevent frost damage. In the 1970s, these systems were applied to
conifer plantations in central and southern Japan in order to maintain scenic beauty as viewed from sightseeing roads in
mountainous terrain. What advantages do strip and group cutting systems in sugi and hinoki plantations have in temperate
regions of southern Japan in terms of sustainable forest management concepts? In this paper, we re-evaluate the small-scale
group and strip cutting systems in terms of tree growth and biodiversity, based on case studies in old group and strip cutting
sites of sugi and hinoki. We then propose spatial arrangement methods of cutting areas based on the case studies.

Effects of gap size and density on the growth of Quercus gilva saplings. Which gap creation is advantageous to gap-
planting—many small gaps or few large gaps? Mizunaga, H. (Shizuoka University, Japan; mizunaga@agr.shizuoka.ac.jp).

Gap-planting is often used for the rehabilitation of degraded forests, and for the transition of even-aged plantations to
uneven-aged forests. Both gap size (area of a gap) and gap density (number of gaps in a unit area) may promote
growth of seedlings, however these two parameters have reciprocal relationships in a given unit area. I examined the
mutual relationships of these two parameters for with regard to effective gap-planting. Temporal and spatial changes of
photosynthetic photon flux density (PPFD) and photosynthetic index (PI) were predicted for saplings of Quercus gilva
in a Japanese cedar plantation by the Canopy Structure Model. This model showed that the maximum PI increased
with gap size in width within the range being equivalent to half the canopy height. Horizontal changes of PI from gap
edge to beneath the canopy were not affected by gap size, but the minimum PI in the many-small-gaps scenario was
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higher than that in the few-large-gaps scenario. In this presentation, a comparison is presented of available planting
area produced by different gap types that have a threefold range of PI.

Extrapolation of a detailed tree model to stand level. Perttunen, J., Sievinen, R. (Finnish Forest Research Institute,
Finland; jari.perttunen@metla.fi), Nikinmaa, E., Mikeld, A. (University of Helsinki, Finland).

We report the work where we extended the functional-structural individual tree model (LIGNUM) to simulate the
growth of Scots pine stands, that is, group of trees in mutual interaction. For this we have implemented a voxel space
approach for calculation of irradiance inside the canopy instead of pair-wise comparison of shading elements that has
been applied in single tree simulations. We have studied how well the architectural growth rules of individual tree
simulations apply in different stand densities and if they produce the observed plasticity of Scots pines. We have
produced parameters describing crown shape and stem form during early stand development and compared these to
empirical observations. The parameters are then to be used in a higher scale model (CROBAS) for model aggregation.
Our future work will concentrate on improving functions determining the senescence of the buds (to better represent
the shedding of branches) and assessing growth factors other than light (e.g., vigour).

Possibilities and production parameters of selection forests in central Bohemia and Czech Republic. Remes, J.,
Podrazsky, V. (Czech University of Agriculture Prague, Czech Republic; remes@fle.czu.cz; podrazsky @fle.czu.cz).

Selection forests are the result of the application of selection silvicultural systems by highly skilled foresters. These
forests are also referred to as ‘close-to-nature-forestry’ particularly by the ‘ecological public’. Selection systems
represents a blocked phase of the natural forest regeneration cycle, but it is fully controlled by the forester. Selection
systems originated in the Alpine countries because of the demand for sustainable yield and permanent forest cover.
This system was broadly accepted and prescribed in other regions with widely differing conditions. This poster, based
on data collected from a literature review, compares production outputs of selection and even-aged forests in the Czech
Republic. Environmental aspects and practical management rules are also documented. The aspects of timber
production from selection forests include both quality and quantity. The transition from an even-aged to an uneven-
aged forest is a critical, long-term (decades to century) undertaking.

Yield regulation systems for tropical/subtropical forests: Ecosilvicultural paradigms and economic constraints.
Seydack, A. (South African National Parks, South Africa; ArminS @SANParks.org).

Yield regulation in the narrow sense should be viewed as embedded within a particular yield regulation system involving
three components: yield optimization, stand regeneration strategy, and harvest tree selection criteria. All yield regulation
systems occupy a position on the spatiotemporal harvest concentration continuum. High harvest intensity systems are
characterized by relatively low minimum harvestable diameters and/or high harvest volumes realized at any given harvesting
event (long felling cycles), whereas low harvest intensity systems pursue mortality pre-emption. The choice of system
depends on: 1) management objectives, 2) economic considerations, and 3) the ecological characteristics of the forest or
target species involved. High harvesting intensity approaches tend to be functionally even-aged, often representing deviations
from natural forest dynamics. This poses risks in terms of long-term sustainability and necessitates silvicultural interventions.
The potential risks, particularly in relation to the dynamics of the large-size upper canopy-occupying species guild, are
highlighted regarding: 1) role of the forest matrix, 2) inter- versus intra-specific interactions, and 3) the possible disruption of
reproductive systems. Furthermore, the role and limitations of silvicultural interventions are discussed. Both sustainability
risk minimization, through the lowering of harvest intensities, and required silvicultural interventions have economic
implications that have to be balanced with economic gains associated with high harvesting intensity systems.

Towards sustainable management of tropical forest: Moving beyond polycyclic felling systems based on minimum diameter
cutting limits. Sist, P. (Cirad-Forét, Embrapa Amazonia Oriental, Brazil; plinio@ cpatu.embrapa.br), Kanashiro, M. (Embrapa
Amazonia Oriental, Brazil; Milton@cpatu.embrapa.br), Nasi, R. (CIRAD-CIFOR, Cirad-Montpellier; rnasi@cgiar.org).

The history of silviculture in the three main tropical rainforest regions (Western Malesia, South America, and Africa)
shows a general trend towards the adoption of polycyclic selective felling systems. The sustainability of these systems
depends mostly on the regeneration capacity of the forest and the post-logging dynamic processes which are mainly
determined by the harvesting modalities. In these systems, harvesting operations are undoubtedly most important
silvicultural treatment that is applied. For this reason, special attention has been to improve harvesting operations in
tropical forests. In the early 1990s, reduced impact logging techniques (RIL) were therefore implemented in the three
major tropical forests. The main concept is that by reducing damage in stands, the forest will regenerate better. RIL
was rapidly and widely recognized as an essential component of sustainable timber harvesting prescriptions. However,
RIL operations are still based, as all other selective logging systems in the tropics, on a very simple rule: the minimum
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diameter limit applied to all commercial species. Based on the specific ecological characteristics of the three main
tropical forests, and the specific impact of logging on the ecology of the commercial timber species, this paper aims to
propose guidelines to improve the ecological sustainability of tropical production rainforests.

Natural regeneration and succession process associated with forest decline in the Sumava (Bohemian Forest)
National Park. Ulbrichova, 1., Svoboda, M., Podrazsky, V., Remes, J. (Czech University of Agriculture Prague, Czech
Republic; ulbrichova@fle.czu.cz; svoboda@fle.czu.cz; podrazsky @fle.czu.cz; remes@fle.czu.cz).

Extensive forests in the Sumava (Bohemian Forest) Mts. died because of inadequate management and consequent
extended bark-beetle infestations. After the Sumava National Park was declared in the early 1990s, even-aged Norway
spruce monocultures (140-180-years-old) were left for so-called ‘natural development’. As a consequence, there are
currently 4000-5000 ha of dead forests on both the German and Czech side of the border. Up-to-date studies,
presented here, revealed considerable natural regeneration on the majority of the impacted area. This study was
undertaken on 11 permanent research plots (50 x 50 m in size) and many small-scale additional plots located in the
region. The numbers, structure, and spatial distribution of spruce regeneration represent a good basis for the natural
restoration of spruce mountain forests. Seedlings, present in most of living stands in large numbers (4000—40,000
individuals per ha), respond well to the increased light and thermal conditions. The problem associated with this
regeneration trend is that the outlook is for the re-establishment of a more or less even-aged forest again, and a future
bark-beetle infestation—something that is not considered natural in mid-European conditions.

Back to the 90s: Retrospective analyses as a tool to demonstrate past natural regeneration dynamics and predict
developments. Wijdeven, S.M.J., Koelewijn, H.P. (Alterra — Centre for Ecosystem Studies, the Netherlands;
Sander.Wijdeven @wur.nl; HansPeter.koelewijn @wur.nl).

The early development phase in uneven-aged mixed forests can be characterized by a high diversity in natural regeneration
assemblages and high dynamics. Given this variety, predicting and managing developments is a complex task. Natural
regeneration of four main tree species in the Netherlands was studied 15 years after canopy gap formation. By means of
retrospective analyses, the 3-dimensional position of all individuals each year was assessed and detailed development series
of natural regeneration constructed. A species-specific, spatially explicit competition index was defined and the effects on
growth were analyzed accordingly. Species showed different patterns of gap colonization, establishing up to 10 years after
gap formation. Neighborhood density and composition had a species-specific effect on growth. Birch (Betula pendula
Roth) was least affected, Larch (Larix kaempferi Carriere) and Scots pine (Pinus sylvestris L.) were moderately affected,
and Douglas fir (Pseudotsuga menziesii Franco) was most affected by competition. Larch was most competitive, having

a higher competition effect on Scots pine and Douglas fir than vice versa, while the latter two have equivalent competition
effects. The derived species inter-specific competition effects can be used to predict development of various compositions
and densities. The approach thus offers options to manage regeneration assemblages.

Harmonizing commercial utilization, social, and conservation values through
intensive tropical forest management (ITFM)

Organizer: Shamsudin lbrahim Forest Research Institute Malaysia (FRIM), Malaysia; sham @ frim.gov.my

Managing tropical forest intensively for timber and biodiversity conservation. Abd. Rahman, K., Shamsudin, I.,
Raja Barizan, R.S., Samsudin, M., Ismail, H. (Forest Research Institute Malaysia, rahmank@frim.gov.my).

In many developing tropical countries, forests have been looked upon as the source of income for country development.
There is broad consensus that it is possible to manage tropical forests in various ways for the production of timber and
other products while still maintaining considerable biological diversity. The tropical forest ecosystem can be extremely
fragile when it is being converted to other land uses. The forest itself is reasonably robust and capable to recover from
localized and periodic natural and low impact disturbances, such as tree falls and storms damaged. In managed production
forest, low-impact disturbance can be emulated through selective removal of trees. Changes to the forest management
system are necessary to protect the integrity of the forest ecosystem services. Current practices such as the minimum
diameter limit approach, has been blamed for the over-exploitation of many tropical forests in South East Asia, despite low
impact logging practices, largely due to the presence of many large trees. Few countries have specific measures in their
forestry regulations to address the need to conserve the broad range of biological diversity in production forests. In general,
management prescriptions aim to maintain timber yields, prevent soil erosion and protect hydrological functions. The
growing capacity of the natural forest is also slower to recover after disturbance from logging as compared to plantations of
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native species. Results from long-term research into plantations of commercial indigenous species at the Forest Research
Institute of Malaysia has shown that timber production can be three to four times the rate of stand growth from natural
production forests, thus providing us with the opportunity to manage production intensively while conserving biodiversity.
The paper discusses options for an intensive tropical forest management system through a combination of improved
intensive planting methods of promising natives tree species in degraded areas, and integration of sustainable utilization of
non-timber forest produce while conserving biological diversity within the managed production tropical forest.

Structure of a tropical dry forest at the Jalisco coast, Mexico. Abundio R., E., Gallegos R., A. (Guadalajara
University, Mexico; Caobana@yahoo.com; gra09526 @ cucba.udg.mx).

A tropical dry forest, with an area of 4600 ha on the Jalisco coast of Mexico, was structurally analyzed with regard to basal
area, importance index, diameter classes, the importance index, and density analysis for very young and medium sized
plants. Analysis was based on 357 sample plots. The mean basal area was 21.7 + 1.3 m*ha, and 68% of the sites had basal
area between 9 and 24.9 m*ha. A significant number of species were identified: 150 species of trees with dbh >10 cm,

101 species of medium sized plants, and 62 species of very young plants. The most abundant species were Brosimum
alicastrum, Hura polyandra, and Tabebuia rosea, the most abundant medium sized species were Pterocarpus acapulcensis
and Tabebuia rosea, and the most abundant species among the very young plants were Tabebuia rosea and Bursera sp.

A plot of diameter classes had the typical inverse ‘J’ curve found in many tropical forests. The species of high importance
index, however, showed a discontinuity in the first class due to the low incorporation of individuals. Harvesting has had an
effect on basal area and natural regeneration, and has caused disturbances in this area.

Recent Development on the Teak reforestation programme in Malaysia. Ahmad Zuhaidi, Y., Krishnapillay, B.
(Forest Research Institute Malaysia; zuhaidi@frim.gov.my).

Forest plantations or man-made forests are becoming increasingly important in supplying forest products throughout the
world. Some of the successful stories of forest plantations in Asia Pacific are the plantations of Araucaria in Australia and
Papua New Guinea, Pinus radiata in New Zealand and Tectona grandis in Indonesia and Thailand. In Malaysia the concept
of commercial planting of timber is new, and awareness has been created over the last 5 to 6 years. The government and the
forest-based industries have recognized that existing forests cannot continue to meet their raw materials requirements, and are
expected to play a significant role in increasing investments in plantation programmes in the coming years. This is in line
with government efforts under the existing tropical forest management to reduce pressure on natural forests and preservation
of forest areas including recreational, flora and fauna and water catchments. The government, through the Malaysian Timber
Industrial Board (MTIB), has formed the National Timber Industrial Policy for the purpose of coordinating all related
government agencies, private companies in the rehabilitation of existing land with the establishment of plantations.
Commercial planting of teak began in 1997 and 5,000 ha of teak have now been established. Plantings involve the involve
the state government and private owners such as the state-owned Innoprise Corporation Sendirian Berhad (ICSB), Lembaga
Urusan Tabung Haji (LUTH) Plantation Sdn. Bhd., Modal Jati Sdn. Bhd, PLUS Expressway Sdn. Bhd., state government
agencies, private estates and small holders. This paper highlights the recent development of teak reforestation in Malaysia,
government initiatives to encourage more stakeholders to participate in the reforestation programme, challenges and
problems faced by investors, particularly small holders, and the suitability for growth of the species.

Jeju Experiment Forest: Building it up for sustainable forest management. Chong, S.-K., Lee, K.H., Joo, R.W.,
Kim, J.M., Son, Y.M., Oh, J.S. (Republic of Korea; skchong@foa.go.kr).

This project was initiated to build Jeju Experiment Forest into an exemplary model forest, located in the warm
temperate zone and the low middle part of Hala mountain of Jeju Island, Korea, through implementing sustainable
forest management on site and pursuing forest management certification. The area of Jeju Experiment Forest has been
extensively managed. There have been diverse demands for biological conservation and eco-tourism as well as timber
production. In order to meet the demands sustainably, intensive care and forest management is required. Forest surveys
were initially conducted in 2004 in terms of ecological, social, economic and managerial aspects. The survey results
will be elaborated to provide the implications for the forest’s future development as a model forest. For further studies,
based on the results of questionnaire survey carried out with local people, a participatory approach will be undertaken
to involve all stakeholders by building a partnership and to get support from local communities in building an
exemplary forest. Criteria and indicators for sustainable forest management will be developed and monitored at the
local level. Options for management actions and eco-tourism development will be also examined. The progress and
overall future direction will be explored to share the experiences and exchange information. The expected outputs
differ from the traditional way of managing forests in that they provide an effective framework for a participatory
approach involving all concerned parties. They also will establish an integrated forest management plan, that places
greater emphasis on intangible values of forests such as biodiversity, landscapes and water resources.
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Seeking a middle path to conservation, wise use and socio-economic development: Challenges in peat swamp
forest management, Malaysia. Efransjah, E., Khali, A.H., Rashid, A.S., K. Sayok, A., Abdul Rahim, N. (Forest
Research Institute Malaysia;, Ministry of Natural Resources and Environment, Malaysia).

With rapid development and mounting population pressures exerted on natural resources, peat swamp forests (PSF) in
tropical regions are increasingly under threat. Initiated by the Malaysian Government and supported by the
UNDP/GEF, a five-year project is being implemented to address the conservation and wise use of the remaining PSFs
and associated wetland ecosystems in Malaysia. The main management issue is the often-conflicting interests of
economics and the environment; and the increasing demand for conversion of peatlands to other uses. The Project had
identified the major threats; and assessed the PSF biodiversity richness and its ecological integrity. Addressing the
differing site-specific issues presents a challenge to management planning. Hence, the Project initiated a participatory,
multi-tiered process involving key stakeholders to develop an integrated management plan (IMP) in the respective
states. Among others, it has embarked on the IMP development by highlighting the site-specific problems based on
scientific evidence to the state authorities, proposing mitigation measures, encouraging inter-sectoral coordination,
facilitating the policy-making processes, and undertaking training and awareness raising programmes. This holistic
approach is found to be effective and some achievements made in the IMP development indicate that success is likely.
The IMP is an important planning tool that binds the various agencies, sectors and habitats into a coherent ‘ecological
network’. Highlighted in this paper are some lessons learnt and impacts of the management planning process in Pahang
for the conservation of the south-east Pahang Peat Swamp Forest, which is one of the three project sites.

Rehabilitation of a damaged tropical rain forest in Sabah, Borneo: Experiences of a large scale experiment on
environmental, economic, and social effects during a six year period. Falck, J., Alloysius, D., Garcia, C. (Sweden;
Jan.Falck@ssko.slu.se).

In all regions with tropical rain forests, there are secondary forests degraded by intensive logging or wild fire. The
demand for rehabilitation is heard from conservationists and some forest owners. This paper describes the experience
gained during a 6-year collaborative project between IKEA of Sweden, the Sabah Foundation, and the Swedish University
of Agricultural Sciences. The main aim of the project was to improve the biodiversity of a forest, destroyed by wild fire in
1983. Economic and social benefits are also presented. Under the canopy of a Macaranga-dominated pioneer forest, more
than 25 species, mainly belonging to the Dipterocarp family, and at least 5 % fruit trees were planted using two different
plantation concepts—Iline and gap plantations. Today, 5300 ha have been enrichment planted with seedlings and wildlings.
Results of ecological relevance are that resources must be established for tending (beating up, weeding, and shade
adjustment) for a ten year period. Costs for rehabilitation can be judged as moderate. Socially, the project has had positive
influences with the employment of approximately 160 forest workers. Newly constructed family housing in the village of
Luasong has increased the number of children at school and use of the cottage hospital.

Integrating wildlife conservation in forest management. Fletcher, S.C. (Forest Research Institute Malaysia,
Malaysia; cdfletch@frim.gov.my).

There are continuous calls from individuals and establishments alike to take consider wildlife conservation in forest
management. However, this is still a long way from being a reality. Taking Malaysian bats as an example, this paper
reviews how ecological studies on bat populations are able to assist decision makers in including wildlife conservation
in their forest management plans. Among recommendations presented in this review include retaining sufficient tracts
of old growth forests to provide suitable roosts for bats that are very selective towards large fallen trees, retaining

a selection of mature fruit tree species after logging that play a major role in the diet of fruit bats and conserving
sensitive areas containing unique roost attributes that are crucial to bats. This review further supports the inclusion of
faunal wildlife assessments in the Malaysian Criteria and Indicators (MC&I) in passing forest certifications.

Optimum cutting cycle for sustainable harvest in timber production forests in Peninsular Malaysia. Ismail, H.,
Shamsudin, 1., Abd. Rahman, K., Wan Mohd Shukri, W.A., Nurhajar, Z.S. (Forest Research Institute Malaysia (FRIM),
Malaysia), Awang Nor, A.G. (Universiti Putra Malaysia, Malaysia; ismail @frim.gov.my).

Accurate estimation of cutting cycles, growing stock and the allowable harvest that is biologically sustainable and
financially viable is important in achieving sustainable forest management in the production forests of Peninsular
Malaysia. Under the current system, except for economic cuts, the cutting cycle is purely based on the rate of forest
growth and has never been based on financial aspects. This study developed more reliable growth models to estimate
the optimal cutting cycles based on both biological and financial aspects. A stand projection model was developed
based on MYRLIN. For the economic optimization modelling, data from five states (Pahang, Terengganu, Kelantan,
Kedah and Perak) were collected and analysed. A growth and yield prediction model was developed and validated.
Using actual growth data from Tekam, Gunung Tebu, Jengka and Lesong, the Relative Forecast Error (RFE) was
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between -2.1 and 6.9%. The model has been used to project stand table, basal area and volume of 11 growth and yield
study sites in Peninsular Malaysia. The model is also able to calculate the optimum cutting cycle using a generalized
Faustmann Model. A mathematical function that relates Stand Volume (Q) at year t and initial growing stock (g) was
also developed. By solving the equation, the optimum cutting cycle stock for Peninsular Malaysia is at 51. Using

a Generalized Faustmann Model, the optimum financial harvesting cycle for tropical mixed forest in Peninsular
Malaysia is at year 60-65. Overall results indicated that the current cutting cycle of 25 to 30 years should be extended
to 50-60. The results of this study are very important in refining the current management system and adjustments have
to be made to ensure that management of productive forests in the country is not only biologically sustainable, but also
financially viable.

Can intensive forest management help save natural forests? Kaimowitz, D. (Center for International Forestry
Research (CIFOR), Indonesia; d.kaimowitz@cgiar.org).

Some argue that forest plantations and more intensive logging of selected natural forests will take pressure off other
natural forests. Increased timber supply from such intensive systems could lower timber prices and reduce the incentive
to log in remote natural forests. The availability of timber from intensively managed systems might also make it more
politically viable to prohibit logging in other natural forests. More intensive systems could lead to smaller areas being
made accessible through logging roads, which often open up new areas for forest conversation and forest fires. More
intensive logging of some natural forests also greatly increases the mean annual increments of commercial timber. This
paper assesses each of those arguments using examples from different locations around the world. It concludes that all
have some validity, but that the magnitudes of these effects have often been greatly exaggerated.

Social needs of ITFM in China: Theory and practice. Liu, S., Li, Y. (Chinese Academy of Forestry, P.R. China;
liusr@forestry.ac.cn).

The tropical forest area in China covers an area of 10.7 million ha, of which 6 million ha (56.5%) are tropical natural
forest areas and 4.7 million ha (43.5%) tropical plantation areas. The tropical forest flora in China is transitional
between the tropics and subtropics. Although only 3-5% of China is tropical, plant species in this zone account for
30-40% of the total flora. Concentrated in areas where there are many minorities, the tradition, culture and social-
economic development of these minorities exert a great influence on the tropical forest resources. With increasing
population and rapid social-economic growth, tropical forest resources have been greatly reduced and traditional
tropical forest management practices are no longer able to meet the increasing demand for eco-environment protection
and social-economic development. Objective-based forestry management and ecological forestry were therefore
proposed as new principles in China and furthermore a forest classification management system has been developed,
composed of three major types, i.e., industry-based tropical plantation, ecology-targeted forest and multi-purpose
forest. An ITFM case study in Hainan Island, funded by ITTO, had successfully implemented this forest classification
management system. Pilot demonstrations in Hainan Island included industry-based tropical plantations, tropical
economic forests, close-hill for natural regeneration and vegetation restoration, conservation of the existing natural
tropical rain forests and man-made complex ecosystems composed of agriculture-forestry-husbandry.

Adopting improved planting techniques to assist intensive management of tropical forests. Raja Barizan, R.S.,
Samsudin, M., Shamsudin, 1., Abd. Rahman, K. (Forest Research Institute Malaysia, Malaysia; barizan @frim.gov.my).

A key component in addressing the sustainable management of tropical forest ecosystems is having a proper
silvicultural system in place. Such a system should entail prescriptions or protocols that allow removal of timber
through a sustainable harvest and at the same time include prescriptions to enhance recovery. Thus, an intensive
rehabilitation programme with adequate allocation of funding is introduced into silvicultural operations in natural
tropical forests to enhance and accelerate natural processes of forest regeneration to reestablish a healthy and resilient
forest stand. It is perceived in a way that species composition, stand structure, biodiversity functions and processes of
the restored forest will match, as closely as feasible, those of the site-specific original forests. It is equally important in
restoring critical ecosystem functions in regulating micro-climate conditions necessary for plant growth, controlling
soil erosion, minimizing the occurrence of flooding and excessive drought, protecting biodiversity and reviving an
important role as carbon sink from newly rehabilitated areas. However, the silvicultural treatments currently applied
following forest harvesting have been shown to be inadequate in enhancing recovery of the residual forests within the
determined cutting cycle. Thus, changes to the forest rehabilitation programme of logged-over forests are essential. The
paper addresses this issue and describes the application of improved planting techniques in forest rehabilitation using
promising indigenous tree species. It highlights encouraging results of research that has been undertaken in
successfully rehabilitating logged forests in Negeri Sembilan and Perak. It further recommends the planting technique
as a pragmatic rehabilitation method within an intensive forest management system.
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Implementing intensive forest management through better understanding of changes in vegetation stocking and
composition. Samsudin, M., Ismail, H., Abd. Rahman, K., Shamsudin, 1. (Forest Research Institute Malaysia (FRIM),
Malaysia; shams@frim.gov.my).

The management of forests in Malaysia is expected to face new challenges as exploitation of production forests are
shifting from the generally rich and productive undisturbed forests stands to the logged-over forests. In the very
near future, all forest harvesting is expected to be undertaken only in logged-over forests. In this respect, there

are concerns that logged-over forests which are in their second rotation are not as rich and well stocked as the
undisturbed forests and thus the supply of quality raw materials may be hampered in the future. According to the
forests management systems applied in these forests, namely the Selective Management Systems (SMS) and the
Malayan Uniform Systems (MUS), the residual forest should be able to recover in the specified rotation cycles and
there should sufficient quality crop for the second and subsequent harvests. However, limited studies undertaken
have indicated that the residual stand within the production forests within the Permanent Reserved Forests is
dissimilar to the original forest, especially in terms of species composition. It has been found that the proportion of
the more valuable and commercial dipterocarps is much lower and that variations are much higher in the residual
stands. Intensive management is required, and forest managers will need a better understanding of the impacts of
forest management on the recovery of the residual stand in terms of the changes in stocking, stand structure, species
composition and growth. Factors leading to the higher proportion of non-dipterocarp species include the slower
recovery of the forest after the first cut, higher mortality due to logging damage and implementation of cutting limit
prescriptions that favour high removals of dipterocarps.

Mechanization in timber harvesting is the way forward in intensive management of tropical forest. Shamsudin, I.
(Forest Research Institute Malaysia (FRIM), Malaysia; sham @ frim.gov.my).

A more innovative way in managing the hill forest for timber production is needed in order to allow the forest to
serve other values and functions. Mechanized technology was originally designed and developed for temperate
timber species but can be easily developed to suit tropical timber species of higher density and the size can be
monitored through intensive planting. The problem of utilizing small diameter logs can be overcome through
chemical and pressure treatments. Intensive planting of timber species in more accessible areas in hill forests will
be the only solution to improve productivity and helps to overcome timber shortages in the future. Planting will
only be done in accessible areas where harvesting machines can easily be deployed with little damage caused to

the environment. Those areas that have not been planted will not be disturbed at all during harvesting. Under the
Convention of Biodiversity (CBD), Malaysia made a firm commitment to protect its natural heritage and recognized
that hill tropical forests have unique biodiversity that remain to be explored. The mechanization of timber harvesting
in intensive forest management will only allow heavy machineries to move in designated areas where trees are to be
harvested and other areas will be protected for conservation. The paper highlights the right balance of managing the
remaining natural hill forests for timber production and biodiversity conservation through improved technologies in
timber harvesting.

Current approaches in modelling the growth of forestry tree species in India. Tewari, V.P. (Arid Forest Research
Institute, India; vptewari@affri.res.in).

The forests of India are under tremendous pressure and large extents of such forests are under various stages of
degradation. The efficiency of the forest production system needs to be augmented by optimal management decisions,
which need quality information on basic parameters of the forests, such a growth. Such information is scanty and
concern has been expressed about its inadequacy. A brief account of the modelling approach presently in vogue in
Indian forest management system is presented.

A review of natural forest management in Venezuela and perspectives of sustainable development. Torres-
Lezama, A., Ramirez-Angulo, H., Vilanova, E., Barros, R. (Universidad de Los Andes, Venezuela; torres @ula.ve;
rhirma@ula.ve; vilanova@ula.ve).

After three decades of natural forest management in Venezuela, we examine its strengths and weaknesses, and
propose solutions toward the establishment of sustainable development. More than three millions hectares of forest
were awarded in long term concession. In the western plains, however, the forest has almost disappeared, due to
strong human pressure and ineffective forest management. Unfortunately, the social component has received the least
attention. Furthermore, the forest sector’s contribution to the country’s GNP did not increase, remaining very low
(1%). Similarly, the majority of the adopted forest regeneration methods were based on transformation of the forest.
This approach has generated strong criticism regarding the conservation of biological diversity. Likewise, the
indiscriminate use of minimum felling diameter, inappropriate felling cycles, and the application of selective logging
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methods (i.e., high-grading) characterized by deficient planning and high environmental impacts have led to forest
deterioration, thus casting doubts on the ecological and economical sustainability of the system. We propose

a complete revision of forest management in Venezuela that should lead, among other goals, to a strengthening of the
forest sector, the development of new policies for forest concessions, a more effective incorporation of local
communities, and lower impact on the forests.

Sampling intensity of pre-felling (pre-f) inventory: implications for the current forest management system. Wan
Mohd Shukri, W.A., Samsudin, M., Ismail, H., Nur Hajar, Z.S. (Forest Research Institute Malaysia (FRIM), Malaysia;
shukri@frim.gov.my).

Various management systems have been implemented in Malaysia to manage the country’s valuable forest. The
Selective Management System (SMS) was introduced late in 1978 to allow a more flexible timber-harvesting regime,
which is consistent with the need to safeguard the environment and at the same time take advantage of the demand of
the timber market. The systems often relied on rules concerning pre-felling (pre-f) and post-felling (post-f) inventories
and timber stand improvements. Thus the reliability of the inventory is crucial in ensuring correct prescriptions are
adopted under the SMS. Towards this end, a study was carried out on a randomly selected 30-ha (500 x 600 m) forest
area within the 50-ha Demography Project of the Forest Research Institute Malaysia (FRIM) in Pasoh Forest Reserve,
Negeri Sembilan to ascertain the required sampling intensity for pre-f inventories. The study showed that a higher
sampling intensity was needed when sampling species groups that were lower in their frequency of occurrence.
Dipterocarp species group (ALL DIPT) needs a higher sampling intensity to detect its occurrence compared to non-
dipterocarp species groups (ALL NON-DIPT). A different intensity of sampling was required when considering either
species groups or tree parameters separately. The implications of the intensity of pre-f inventory by species group
currently used in Selective Management System are discussed.

Tropical forest management based on the harmonization of economy and ecology in China. Wen, Z. (Nanjing
Forestry University, P.R. China, zuominwen@ sina.com).

In implementing classified management, Chinese tropical forests are divided into commonwealth and commercial
forest. They are managed purely for ecological and economic purposes, respectively. At the same time, large parts

of traditional forests are being preserved for multi-functional purposes. The Chinese tropical forests integrated
development model is based on a theory developed by the Hainan tropical forests project that aims to ensure of
sustainable development of tropical forests. The theory of classified management considered economic and social
measures that would solve the social and economic problems that deplete tropical forest resources. For natural forests,
scientific models for cutting and renewing forests are implemented based on the standards and indexes outlined by
ITTO. This approach encourages the effective protection of biodiversity and the development of alternative industries
to replace those that would involve forest-cutting in the tropical region. In surrounding forest areas, the development of
intensive agriculture, e.g., animal husbandry, the courtyard economy and ecological agriculture, has been encouraged
to boost the income of local people while protecting and improving the original forest ecosystem. A management
model of industrial plantations that will develop the wood industries will be introduced in order to produce high quality
and high yield products, which at the same time will benefit the local forest community.

Properties and utilization of plantation timbers: Plantation wood as a substitute
for native forest resources

Organizers: KeeSeng Gan Forest Research Institute Malaysia (FRIM), Malaysia; ganks @frim.gov.my,
and Gary Waugh University of Melbourne, Australia; Garyx.waugh @bigpond.com

Dynamic growth of Uttis (Alnus nepalensis) monitored for ten years at the special plantation plots of ARS
Pakhribas, Dhankuta. Barakoti, T.P. (Nepal Agricultural Research Council, Nepal; tpbarakoti@yahoo.com;
arsp @ntc.net.np).

Result of an on-station long-term growth monitoring trial on alder (Alnus nepalensis) in the permanent sample
plots carried out at the Agricultural Research Station (ARS) Pakhribas, Dhankuta, Nepal showed that diameter and
height of plants varied with the age of trees. The diameter at breast height (DBH) increased by 2.14 cm in 8th
year, whereas the rate was 0.13 cm only at 16th year. The growing rate of trees was 44 cm to 130 cm per year
irrespective of the age, based mainly on distribution of precipitation in the year. Highest growth rate would be
achieved if good rainfall occurs during the summer (March—April). The biomass and volume also differed with age
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and environment. Estimated biomass of the stem and branches increased by 2-2.5 times within the 10 years period.
Volume of wood also varied accordingly. Thinning and felling every year provided better management practice of
the plantation. Based on the result some suggestions and recommendations were made. The information would be
useful for community forest users and forest managers in planning and management of Uttis in private and
community forests.

Sound adsorption coefficient of plantation timbers — Acacia mangium and rubberwood. Kee Seng, G., Lim, S.C.
(Forest Research Institute Malaysia, Malaysia; ganks@frim.gov.my).

Timber is a very versatile traditional material with many applications. Its uses range from structural members in
building construction to disposal items such as match splints and chopsticks. Each of these uses requires the timber to
fulfill certain performance criteria like mechanical, physical or/and chemical properties. Plantation timbers are
sometimes fast growing but are deficient in certain other properties. For uses in buildings, the requirements for good
acoustic properties are becoming very important. In many instances, timbers have been used for sound insulation and
sound absorption. To use the plantation species efficiently, data on the acoustics properties are indispensable. The
absorption coefficient of timber was measured by using the standing wave method. It uses a small sample size and
gives accurate results. The absorption coefficients of Acacia mangium, rubberwood (Hevea brasiliensis) and five
tropical timber species, namely ramin (Gonystylus spp.), bintangor (Calophyllum spp.), chengal (Neobalanocarpus
heimii), penaga (Mesua ferrea) and meranti pa’ang (Shorea bracteolata), were measured in the frequency of between
125 and 6300 Hz. Both the radial and tangential faces of each timber species were measured. This paper discusses the
differences in characteristic curves of absorption coefficients of the timber tested.

A case study on clonal forestry for conservation of natural tropical forests in Indonesia. Kim, H. (KORINDO,
Indonesia; khoon@korindo.co.id), Lee, D.K., Kang, H.-S. (Seoul National University, Republic of Korea;
leedk@plaza.snu.ac.kr; silvi@chol.com).

A tropical forest is invaluable but its high biological diversity and delicate ecological characteristics put its resources at
risk when exposed to unsustainable practices in forest management systems. Over the past several decades, tropical
forests have been rapidly disappearing, triggering concern among the domestic and international communities. The
objective of this study was to provide sustained yield of wood production using intensive plantation and conserve the
natural tropical forests. The result of the analysis of commercial wood production data in Indonesia over the past
several decades shows that productivity is very low, at only 0.5 m*/ha/year. The major factor for this low productivity
rate is its inherited ecological characteristics. The accumulated results of poor forest management (overexploitation,
illegal logging, smuggling, erosion, flooding, fires, and large-scale forest destruction) over the last several decades
have had a bad effect on the environment. Analyzing several types of plantation systems shows that an intensive
plantation system with advanced breeding programs is a strong potential for producing a high yield of wood. A case
study on clonal forestry in Indonesia shows that clonal forestry has a strong potential and also that a short- and long-
term breeding programs need to be implemented.

Properties of Japanese Cedar planted by Director Nishikawa. Leong, C.-M., Jien, S.-N., Lin, Y.-T., Yang, T.-S.,
Wang, S.-Y., Lin, E-C. (National Taiwan University, Chinese Taipei; L5010554 @ms15.hinet.net).

The ‘Nishikawa Japanese Cedar’ is the oldest plantation in Taiwan. It was introduced by Mr. Nishikawa, the first director of
the Experimental Forest, Tokyo Imperial University, from Yoshino in 1912. The experimental site was established in 1926
and the plantings are more than 93 years old. In the autumn of 2001, the experimental site suffered damage from debris
flow triggered by heavy precipitation from the Toraji typhoon. The cambium of the trees located at the edge of the stand
was damaged and died. Two years later, two of the dead trees were used for academic research. The purpose of this study
was to investigate the basic mechanical properties, particularly bending, compression, and shear strength, in order to
understand how they differ from other planted Japanese Cedar and to improve the silvicultural techniques in the future.

Sapwood in plantation-grown teak in Peninsular Malaysia. Lim, S.C., Gan, K.S., Tan, Y.E., Thi, B.K. (Forest
Research Institute Malaysia (FRIM), Malaysia; limsc @frim.gov.my).

The presence of a high percentage of sapwood, particularly prevalent in plantation-grown timber, has significantly
lowered the value of wood because sapwood has always been regarded as the inferior part of the wood. As such, it is
important that during the harvesting of plantation-grown trees, the percentage of sapwood be kept as low as possible.
This study attempts to investigate whether the ages of tree have any effect on the amount of sapwood present. Discs of
about 50 mm in thickness were cut at 10%, 30%, 50%, 70% and 90% heights of the clear bole from plantation-grown
teak of ages 8, 16 and 28 years. Sapwood thickness was measured at four different positions of a disc and an average



The International Forestry Review Vol.7(5), 2005 33

sapwood percentage was calculated. Statistical analysis indicated that only the age significantly affected sapwood
percentage whereas the height was found to be insignificant.

Measurement of longitudinal surface released strains of trees using strain gauge and CIRAD-Forét method. Liu,
X., Jiang, X., Yin, Y. (Chinese Academy of Forestry, China).

In this paper,the CIRAD-Forét method and the strain gauge method were used to measure the longitudinal surface
strains released from fallen woods. Comparison was also done between two methods for measurements at the same
point (sawing grooves inside the position pins) and at two points. Results showed that the values obtained from the
CIRAD-Forét method were bigger than those from the strain gauge method. The former was 1.3 time as high as the
latter for the measurement at two points, and it was twice as high as the latter for the measurement at the same point.
There was no distinct difference in the longitudinal surface strains from the strain gauge method with measuring way
at the same point and two points. However, the differences were obvious for the strains from the CIRAD-Forét method
with two measuring ways. They indicated that there was little effect on the values from the strain gauge method, when
measuring at the same point or at two points, and that the measuring way would influence measured results when
theCIRAD-Forét method was applied. In general, in comparison with the CIRAD-Forét method, the strain gauge
method is more stable.

Increasing the value of tropical lumber in the Philippines through machine stress grading. Manalo, A.C., Soriano,
FEP, Saralde Jr., T.C., Bonaagua, E.A., Pabuayon, I.M., Garcia, C.M.C., Lapitan, F.G. (Forest Products Research and
Development Institute, Philippines; engr_manalo @yahoo.com; struclab@laguna.net; wood@laguna.net;
erwinbonaagua@yahoo.com; fprdi@laguna.net).

This paper resulted from the project ‘Development and Implementation of Stress Grading Rules for Tropical Timber in
the Philippines’ jointly implemented by the Forest Products Research and Development Institute (FPRDI) and the
International Tropical Timber Organization (ITTO). A grading system for full-size lumber based on ISO standards for
machine grading (TC 165 N 321 DIS 13910) was developed. The corresponding grading modulus and allowable design
stresses for each grade were determined. Five stress grades were established: M5, M 10, M15, M20 and M25 where
numbers 5 to 25 indicate the allowable bending stress in MPa. A builder’s manual and a timber design software called
the Truss Designer were also developed. Consequently, a model framework was established to harmonize lumber stress
grading rules in tropical timber producing and consumer countries. The cost and return analysis on production of
machine graded lumber (MGL) showed that there is an incentive for lumber producers, importers or dealers. The
additional benefits from grading outweigh the added costs. Construction applications of MGL include trusses, roof
frames, wall and floor frames, ceiling joists, beams and posts. MGL can also pave the way for engineered housing
components such as laminated and built-up columns, long span beams and prefabricated trusses.

Sawlog availability from Australia’s hardwood plantations. Parsons, M. (Bureau of Rural Sciences, Australia;
Mark.Parsons@brs.gov.au), Nolan, G. (University of Tasmania, Australia; Gregory.Nolan@utas.edu.au).

Australia has over 700,000 hectares of eucalypt plantations, but how much sawlogs can they provide? As part of

a national review of hardwood plantations for solid wood products, a survey of Australian hardwood plantations was
undertaken. This showed that most plantations are being grown for fibre, that is, they are unlikely to produce any
significant quantity of logs suitable for solid wood products. An estimated 106,000 ha, or about 17%, of hardwood
plantations are being managed specifically for sawlog production. These plantations are young, with 62% planted since
1995 and an expected rotation length of 20-35 years. Many of the nominal sawlog managed plantations established
before this were planted for fibre but have been allowed to grow on, often after thinning. Log availability projections
indicate that supply from hardwood plantations will total about 375,000 m*/year in 2035. However, when combined
with availability projections from native forest, it can be seen that plantations can provide less than half of the
estimated log availability lost from public native forest between 2000 and 2035. Total hardwood sawlog supply is
likely to fall by more than 600,000 m*/year by 2035.

Preliminary study of sawing on China’s Eucalyptus plantation timber. Zhou, Y., Jiang, X. (Chinese Academy of
Forestry, PR..China; zhouyd@forestry.ac.cn).

The current trend in forestry in China toward managed plantation resources has been driven by environmental
concerns, which focus on the cessation of native forest logging and replacing this industry with plantation for
industrial wood production. The sawing of eucalyptus plantation timber in China is studied in this paper. Live
sawing, cant sawing and center sawing pattern were used in experiments, the strain in tangential/longitudinal
direction, bow deformation and other quality concerned factors were analyzed, and a method with center sawing to
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know the residue stress is tried. Conclusion was drawn, the end-split and bow deformation exist in 4 species of
eucalyptus lumber, the sawing sequence affects the bow deformation of lumber evidently, the bow deformation with
center sawing pattern is the least, and the residue strain induced by center sawing is in accordance with the bow
deformation from cant sawing pattern.

Modelling multi-dimensional forest dynamics for multiple-purpose management
objectives

Organizer: Jens Peter Skovsgaard Forest and Landscape, Royal Veterinary and Agricultural
University; jps @kvl.dk

How do forests grow? Bezak, K. (Hrvatske sume d.o.o., Hungary; karlo.bezak@hrsume.hr).

Forests are complex and chaotic nonlinear dynamic systems. The theory of complexity and the theory of chaos are
component parts of the theory of nonlinear dynamic systems, the ultimate scientific achievement of the past 20 years.
In traditional physics and applied mathematics, an equation which describes a system under study is one among the
most important things in the world. The universally accepted paradigm states that the road to modelling nature leads
through differential equations. The key to understanding the growth and increment of forests lies in differential
equations of damped and forced oscillations.

FORECAST: A stand-level decision-support tool for multi-objective forest (modification and validation).
Lo, Y.-H., Kimmins, J.P. (University of British Columbia, Canada; yhlo@seed.net.tw).

Although multi-objective forest management is a pervasive trend towards ecosystem-based management associated
with national sustainable forest management (SFM), not many tools are suitable to reach this goal. FORECAST,

a management oriented stand-level forest growth simulator, can fulfill this requirement. It is suitable for SFM purposes
because it includes both ecology and economic factors. It is also a multi-component model and has incorporated

a variety of different ecosystem processes (e.g. nutrient cycling, understory competition, production) and the feedback
loop (i.e. nutrient feedback) which other models usually ignore or omit. However, FORECAST is not perfect and has
some weaknesses. It does not perfectly represent the hydrological dynamic within an ecosystem and the climate change
impacts to forest ecosystems. The research group is working on adding the climatic components into the model and
linking it with three other components: hydrology, wildlife and fire. Also, by using the dendrochronology, I will
validate the simulated results from the modified FORECAST model. Once the whole links are built and tested, the
modified FORECAST model could predict the future forestry ecosystem condition. As a result, it will be a good
decision tool by giving the possible direction for sustainable forest management under climate change.

Predicting Lodgepole Pine productivity from climatic parameters in Alberta. Monserud, R.A. (USDA Forest
Service, USA; rmonserud@fs.fed.us), Huang, S.

We seek to connect site productivity to climatic parameters for the Canadian province of Alberta. Climatic data are
obtained from a province-wide climatic mapping model based on 30-year normals from the provincial weather
station network. Mapping methods are based on ANUSPLIN, Hutchinson’s thin-plate smoothing spline in four
dimensions (latitude, longitude, elevation, climatic variable). Forest site productivity data are observed site index by
species based on stem analysis (observed height at an index breast height age of 50 years). Over 1200 site locations
are available for lodgepole pine, the major forest species of Alberta. Regression analyses are used to predict site
index as a function of the climate at each stem analysis location. Implications for bioclimatic modeling and climate
change are discussed.

Needs and opportunities for using a forest dynamic model as a practical tool in biodiversity conservation and
management. Ngugi, M.R. (Environmental Protection Agency, Queensland, Australia;
michael.ngugi@epa.qld.gov.au), Botkin, D.B. (The Center for the Study of the Environment, USA), Jones, B., Williams,
A. (Environmental Protection Agency, Queensland, Australia).

The state government of Queensland is committed to conservation of biological diversity, with about 5 million hectares
under nature conservation reserves and 3 million hectares under multiple-use forests managed for a range of values
including conservation of biodiversity. The structure and composition of most native vegetation in Queensland have
been greatly influenced by agricultural practices, selective harvesting, controlled burning and wildfires. There is an
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urgent need to develop long-term predictions of change in forest composition to aid in determining whether
biodiversity conservation, habitat diversity and the protection of rare and endangered species are being achieved under
current management practices. A vegetation dynamic simulation model was calibrated to the species, climatic and site
conditions in St Mary state forest, Queensland and then validated using data-set that had been collected on permanent
sample plots for a period of 50 years. The model was capable of mimicking the stand dynamics of mixed species
sclerophyll forest to sufficient accuracy of less than 10 % error in 50 years and goodness of fit between predicted and
observed basal area was high (r* > 0.90). This paper demonstrates opportunities for application of a forest dynamic
model as a practical tool in the conservation of biodiversity.

Models for forest management: A review of European experience and perspectives. Pretzsch, H. (Technical
University of Munich, Germany), Skovsgaard, J.P. (Forest and Landscape, Royal Veterinary and Agricultural
University, Denmark; jps@kvl.dk).

The succession of model approaches in forestry and forest science — from experience tables through normal yield
tables, models for stand growth, diameter distributions, and individual tree behaviour, to landscape management
systems — clearly reflects changing demands on forest management. At the beginning of planned forestry in Europe the
focus of sustainable management was mainly on wood production. Subsequently, more and more forest functions were
taken into consideration. European foresters’ current understanding of multifunctional forest management is reflected
in the six Pan-European criteria for sustainable forestry, including forest resources, forest ecosystem vitality, productive
functions, biological diversity, protective functions, and socio-economic functions. As a consequence of this
development, revised concepts and tools for multicriteria strategic planning are being developed in different regions of
Europe. Here, we briefly review ways to complement models of forest growth, stand dynamics and landscape
development with integral functions for assessment of carbon retention, biodiversity, esthetic value, financial yield, etc.
We highlight the social process of model development, including the hurdles needed to go beyond model extension,
model calibration, and model evaluation, to successfully implement the models into the information flow of forest
ecosystem management.

Modelling multi-dimensional forest dynamics for multi-purpose management objectives: A case study from
Sweden. Sverdrup, H., Wallman, P., Belyazid, S. (Lund University, Sweden,; Harald.Sverdrup @ chemeng.lth.se).

The present study describes application of natural, social and economic sustainability limitations to forest management
for profitable production, based on Swedish experiences developed in the SUFOR and ASTA research programs. We
suggest a method of analyzing the sustainability conditions for forestry from three major realms, environmental, social
and economic, and the tools and methods were tested at sites in Sweden. Assessments were made for the long-term
sustainability concerning the impact of present management practices on the balance for nutrients in monocultures
versus mixed stands of Norway spruce, hardwoods and birch. In the economic assessments, both traditional terms but
also costs and revenues from adaptation to biodiversity criteria and public service demands were accounted for. An
alternative to traditional discounting was used for transferring monetary value over time, by introducing spruce
pulpwood equivalent units. A new tool, combining mechanistic models to involve full feedbacks between the nitrogen-,
carbon- and chemical cycle, mineral weathering, soil chemistry, hydrology, forest growth and nutrient cycling has been
developed (FORSAFE). The model has been combined with a ground vegetation module (VEG) into the integrated
forest sustainability assessment tool (FORSAFE-VEG). Results showed that changes in management methods
potentially needed are both possible and feasible.

Cavity tree abundance and stand characteristics in Western Oregon forests: Relationships and prediction.
Temesgen, H. (Oregon State University, USA; Hailemariam.Temesgen@oregonstate.edu), Barret, T. (BC Ministry of
Forests, Canada), Latta, G. (USDA Forest Service, USA).

Cavity trees contribute to diverse forest structure and wildlife habitat. For a given stand, size and density of cavity trees
indicate its diversity, complexity, and suitability for wildlife habitat. Size and density of cavity trees vary with stand
age, density, and structure. To examine the relationships between cavity tree abundance and stand characteristics, we
applied correlation analysis and graphical approaches to Forest Inventory and Analysis (FIA) data collected in Western
Oregon. Cavity tree abundance was negatively correlated with site index and percent composition of conifers, but
positively correlated with stand density, crown closure, and percent composition of hardwoods. Thirty-nine percent of
the FIA plots had a least one cavity tree, and 29% of the sampled plots had more than 14.1 m%ha basal area of cavity
trees. To estimate cavity tree abundance from stand attributes, we compared the most similar neighbour, the
Classification and Regression Tree (CART), and Weibull function using FIA plots. The CART approach provided
better estimates of cavity tree abundance. Potential applications of this approach include selecting and modeling
wildlife habitat that can be linked with forest planning efforts, regional inventories, and evaluation of different
management scenarios.
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Monitoring and indicators of forest biodiversity: Towards a harmonized system at
country, landscape and stand scale

Organizers: Tor-Bjorn Larsson European Environment Agency, Denmark; Tor-Bjorn.Larsson @ eea.eu.int,
and Anna Barbati /talian Academy of Forest Sciences, Italy; annabarbati @tiscali.it

European forest types for biodiversity assessment. Barbati, A., Corona, P., Marchetti, M. (Italian Academy of Forest
Sciences, Italy; annabarbati@tiscali.it).

The European Environment Agency has funded a project titled ‘European Forest Types for biodiversity assessment: a user
guide’ aimed at consolidating and presenting, in a user-friendly way, a scheme of European-level forest types intended as

a tool to assess the state and development of biological diversity. The guide is designed to serve primarily European and
national organizations involved in European policy for the sustainable management of forests (SFM). The aim of this paper is
to give an overview of the state of progress of the activities carried out under this project. The presentation includes: princip-
les of the classification and overview of the hierarchical structure nomenclature of European Forest Types for biodiversity
assessment; examples of the descriptive frame adopted to classify forest types; cross-walks of European Forest Types to most
important forest habitat classification systems applied in Europe (Eunis Habitat classification, Natura 2000-Annex I Habitat
Directive); insights on the benefits of using European forest types to enhance the specificity and interpretability of the
biodiversity indicators assessed in the framework of ‘Ministerial Conference on the Protection of Forests in Europe’.

Semi-quantitative insight into the forest biodiversity of an eastern Romanian area. Creanga, I.A. (Territorial
Forestry Office, Romania; creanga52 @yahoo.com).

Biodiversity in some natural and artificial poplar forests, as well as in some natural oak stands, was evaluated to reveal

the impact of human activity on forest sustainability. Considering the number of the species present in the forests, the
Shannon’s index, defined accordingly to the information theory, was used as a semi-quantitative approach to determine
biodiversity. Graphical dependence between the Shannon’s index and the percentage of Populus alba and P. nigra in natural
poplar and willow stands was revealed. Similarly, in the mix oak stands, the dependence of the biodiversity index on the
percentage of Quercus robur and Q. petraea could be emphasized. The impact of economic needs upon the oak mix forests
was investigated by comparative statistic representation of the stem diameter values in well-managed forests and in the
other ones. The box-plot technique was able to reveal the negative role of non-rational tree extraction upon the natural oak
stands. The necessity of visionary forest administration can be discussed on the basis of these numerical data.

Mycobiota monitoring as an indicator of forest biodiversity. La Porta, N., Valentinotti, R., Salvadori, C., Ambrosi, P.
(IASMA, Italy, nicola.laporta@iasma.it; ruggero.valentinotti@iasma.it; cristina.salvadori@iasma.it; paolo.ambrosi@ismaa.it).

An analysis of the macromycete communities of four different types of alpine forests was carried out to characterize their
ecological value. Number, frequency, and biomass of the fungi species were assessed weekly from March-November for

a 10-year period. The total surveyed surface of 2700 m* was divided into 12 different parcels. More than 900 fungal species
belonging to more than 140 genera were collected. A few species represented the majority of the mycetic biomass. Results
from the analyses between chemical parameters and biomass of the two mycological groups indicate significant correlations:
with an increase in rainfall acidity there is a decrease in mycorrhizal species and a substantial change in the saprophyte
species. These results are encouraging for the use of macromycetes for bio-indicators of long-term atmospheric depositions.
A comparison of several biodiversity indexes based on the preliminary analysis of the presence/absence of species collected
in the four locations shows that they can strongly modify the differences among the localities, and sometimes the rank of the
biodiversity. Such results may be an important contribution for a rational approach to strategies for environmental protection.

Report from the IUFRO Conference ‘Monitoring and indicators of forest biodiversity in Europe’ Florence,
November 2003. Marchetti, M. (Italian Academy of Forest Sciences, Italy; marcom@unipa.it), Larsson, T.-B.
(European Environment Agency, Denmark; Tor-Bjorn.Larsson@eea.eu.int).

The main objectives of this conference was to take stock of the potential to further improve the biodiversity related
indicators on sustainable forest management that were revised by the Ministerial Conference on the Protection of Forests
in Europe (MCPFE) in 2002 as well as allowing the growing scientific community addressing forest biodiversity to meet,
present results and exchange ideas. The programme was structured in seven sessions: emerging user needs and pressures
on forest biodiversity; forest classification and assessment strategies; stand-level indicators: dead wood; stand-level
indicators: the heterotrophic phase; forest indicator development at landscape scale, methods for data collection and
evolution of monitoring schemes; human influence on biodiversity. The conference gathered some 150 participants and
the proceedings, now available through the European Forest Institute, comprise some 500 pages.
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Implementing biodiversity in the EU Forest Focus monitoring programme. Neville, P. (Coillte R&E, Ireland;
pat.neville@coillte.ie), Bastrup-Birk, A. (Joint Research Centre, Italy), Fischer, R. (BFH, Hamburg), Axelsson, A.-L.
(MLU, Sweden), Aamlid, D. (Skog Forsk, Norway), Marchetti, M. (AISF, Italy), Larsson, T.-B. (EEA, Denmark).

The joint network of tree crown condition monitoring under the EU and ICP Forests operates at two levels, a systematic
extensive approach (Level I) based on a 16 km x 16 km trans-national grid of sample plots (>6000 plots) and an intensive
approach (Level II) on more than 800 plots across continental Europe. Three ongoing projects embrace the different levels
of monitoring, the above mentioned Level I and Level II systems, and the National Forest Inventories (NFIs). All of the
three projects are based on a stand structure approach that assumes an increased potential for species diversity with
increasing complexity of stand structure. An intensive test-phase of forest biodiversity assessment at more than 100 Level
II plots, known as ForestBIOTA is underway during 2005. This project aims to test standardized methods of forest
biodiversity assessment in the field and examine the relationship between stand structure, forest deadwood, ground
vegetation and epiphytic lichens. A forest classification of the plots is also included. A separate approach, known as
BioSoil (due to its combination with a detailed chemical inventory of the soils) is a demonstration project which aims to
record indicators of forest biodiversity at the extensive Level I plots. Practical measures of stand structure, including
records of tree species, lists of vascular plant species, and simple measures of forest deadwood are included for field
assessment during 2006. A pan-European forest type classification elaborating on the EUNIS system and including the
Natura 2000 habitat types is proposed. These initiatives are linked to a third project, COMON, operating at the level of the
National Forest Inventories aiming to test the same core variables at national levels.

Forest management and biodiversity: Insects as indicators. Paiva, M.R. (Universidade Nova de Lisboa, Portugal,
mrp@fct.unl.pt).

Although links between the main ecosystem functions and biodiversity have been recognized, an exact description and
quantification of such relationships has yet to be established. Regarding forest ecosystems, experimentation within this
context and model validation prove particularly difficult, given the time scales operating. In temperate / warm regions, most
insects react quickly to alterations of their habitats and thus serve as indicators of disturbances and of the resulting impacts.
Field work, conducted in a Mediterranean region, to compare three types of forest ecosystems, detected a link between the
frequency of occurrence of large perturbations and ant community structure and biodiversity. In separate studies, diurnal
butterflies were identified as indicators of anthropogenic disturbances and of land use change, over a gradient of habitats,
ranging from little disturbed forest sites to agricultural plots. In pine plantations under different management regimes, the
composition of the under story affected the diversity of both parasitoids and predators of the most important Mediterranean
pine defoliator, the pine processionary moth. Perturbations appear to affect interspecific competition by enhancing the
ability of certain species, either native or exotic, to dominate their communities. Forest management practices clearly reflect
on the composition of insect communities belonging to different trophic levels.

Biodiversity resources in the southern Philippines: Vital for sustainable management of mountain ecosystems.
Pampolina, N.M., Torres, M.J.A., Pifion, A.A., Pollisco, J.P.,, Duran, N.J.E., Adiova, J.M. (University of the Philippines
Los Baiios, Philippines; nelmpampolina@yahoo.com).

This poster highlights a biodiversity study conducted in the copper-rich mountains of southern Mindanao, Philippines. Thirty,
10 m square plots were established along an elevation gradient between 615 and 1575 m asl. Each plot was divided to quan-
tify intermediate plants and undergrowth within 3- and 1-m square plots, respectively. Biometrics and ecological variables
were measured to determine diversity indices, carbon estimates, and phytoremediators. Macrofungi were collected and iden-
tified. Forest litter and undergrowth were sampled, oven-dried, and weighed. Soil was collected for nutrient and mycorrhizal
analysis. Diversity of vertebrate and invertebrate wildlife was computed. Status of all organisms was verified from IUCN.
Endanger plants were: Shorea contorta, Parashorea malaanonan, Podocarpus imbricatus, and Dacrydium elatum. Potential
copper phytoremediators included: Piper aduncum, Melastoma malabatricum, and ferns. Numbers of wildlife species were:
35 bird, 4 frog, 3 snake, 2 lizard, and 1 mammal. Most birds were endemic while frogs could be new species. Sixty
macrofungi and three mycorrhizal species important in nutrient cycling were abundant in moist, mossy secondary forests.

In dense forest ecosystems, carbon stocks were higher in aboveground than belowground biomass. Overall, biodiversity was
richer in mossy forests than disturbed ecosystems. Results indicate priority areas for conservation, protection, rehabilitation,
livelihood, ecotourism, and research to address issues essential for sustainable management of mountain ecosystems.

Structure and biodiversity of a natural Silver fir—European beech forest. Petritan, A.-M., Petritan, I.-C., Nicolescu,
N.-V. (Forest Research and Management Institute, Romania; apetrit@ gwdg.de; University “Transylvania” of Brasov,
Romania; petritan@unitbv.ro).

Natural forests represent a complex research laboratory of ecological phenomena and processes. To study the structure
of a natural forest, several sample plots were established in a natural silver fir—European beech forest located in the
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Taga Massif of the Transylvanian Alps in Romania. Considering the proportion of the two species (living, standing
dead, and fallen trees), the forest is dominated by living trees (87% by volume and 76% by number of trees) followed
by standing dead and fallen (13% by volume and 24% by number of trees). The biodiversity level of the herbaceous
layer was determined using the Shannon index, maximum possible diversity index, and Pielou’s index. Some indices
based on neighbourhood relations (contagion index, mingling index, and diameter differentiation index) and the
Pielou’s coefficient of segregation (index based on the degree of mixing the trees of two species) were also calculated
to describe the structure of the tree layer. All indices calculated for both tree and herbaceous layers show a high level
of biodiversity and a complex structure of the natural forest.

Application of ecosystem diversity based on the Shannon index for a Taiwan red cypress plantation and
secondary broadleaf forest at Hue-Sun Forest Station in Taiwan. Tsai, S.-T. (Transworld Institute of Technology,
Chjinese Taipei; tsai.st@msa.hinet.net), Lu, K.-C., Ou, C.-H., Tang, L.-C., Wu, S.-H. (National Chung Hsing
University, Taichung, Taiwan; kclu@ nchu.edu.tw; chou@ nchu.edu.tw; Ictang @nchu.edu.tw; shwu@nchu.edu.tw).

We constructed a conceptual food-web model of night taxonomic groups to explore the application of ecosystem
diversity index based on the summation of Shannon indices of inter-species, intra-species, and structure diversity. The
model was based on the practical monitoring data collected in a Taiwan red cypress (Chamaecyparis formosensis
Matsum.) plantation and a secondary broadleaf forest at Hue-Sun Forest Station in central Taiwan. The highest
structure diversity occurred in the summer for all sampling plots, and the red cypress plantation, with a high number of
invaded broadleaf trees, had the highest structure diversity. The variation of total inter-species diversity among plots
was high, possibly due to the seasonal variation of species in several taxonomic groups, especially secondary
carnivorous and detritivorous-phytophagous animals, and carnivorous, phytophagous, omnivorous, and detritivore
insects. The uniformity of tree diameter was the main reason for composite intra-species diversity in the secondary
forest plot, which was higher than any plots in the red cypress plantation. In term of ecosystem diversity based on
Shannon index, all plots in the summer were higher than in other seasons. The secondary forest plot and the red
cypress plot with the most broadleaf invasion also were higher in the ecosystem diversity index.

Is there any progress towards halting biodiversity loss in European forests? Van Brusselen, J., Schuck, A.
(European Forest Institute, Joensuu, Finland; jo.vanbrusselen @efi.fi).

About 30 percent of the European land area is covered with forests, which comprise a key repository for biological
diversity. In accordance with decisions of the Convention on Biological Diversity’s 6th and 7th Conference of the
Parties, high-level European policy has outlined the target to significantly reduce the rate of biodiversity loss by 2010
and to develop a framework for assessing progress towards the target. A summary and appreciation of key trends is
presented, with attention to the biogeographical diversity on the European continent where necessary. The key issues
concerning forest biodiversity are described using the model ‘state-pressure-response’. Major developments are
highlighted in the fields of policy, monitoring and practical forest management. Some indirect indicators of
biodiversity allow cautious optimism: the forest area has generally increased; native old forests are residual, but
managed forests are growing older; and some countries have measured an increase of the amount of dead wood in their
forests. However, a large number of threatened species indicates a quality problem. Major pressures come from effects
of air pollution, forest management practices and invasive species. Responses to these pressures are implemented
through various levels of forest protection, ranging from strict forest reserves to voluntary ‘closer to nature’ forest
management.

Fungal and bacterial diversity in post-harvest stump residues. Woodward, S. (University of Aberdeen, UK;
s.woodward@abdn.ac.uk).

Microbial diversity is a highly significant, but generally overlooked, component of ecosystem biodiversity. This paper
examines the total diversity of culturable micro-organisms found in Sitka spruce (Picea sitchensis) stumps in Scotland.
Numbers of Basidiomycota and mitosporic fungi increased with time from felling; Zygomycota were rare. Yeasts were
also abundant at sampling points from seven days after felling. High numbers of culturable bacteria were obtained
from the upper layers of the outer sapwood in first and second years after felling; diversity was highest near the stump
surface. By the third year after felling, numbers of culturable bacteria had dropped considerably. Euclidean distance
measure and the group average linking method revealed four groups of culturable bacteria, based on 13 phenotypic
characteristics. The proportions of the four groups varied significantly with stump age. Both fungi and bacteria are
clearly abundant in this woody resource; numbers of species of fungi were comparable with quantitative estimates
made in more natural forest ecosystems. It is proposed that the microbial community contributes greatly to general
biodiversity in the forest ecosystems of both highly managed plantations and natural forests, and should be considered
alongside diversity of larger organisms in order to develop a complete understanding of ecosystem function.
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Managing forest landscape mosaics for production and conservation

Organizers: Geoffrey Smith Environmental Protection Agency, Queensland, Australia;
geoffrey.smith @epa.qld.gov.au, and David Taylor Department of Primary Industries and Fisheries,
Queensland, Australia; Dave. Taylor @ dpi.qld.gov.au

Using red alder to develop multi-functional forests in Alaska. Deal, R.L., Hennon, P.E., Hanley, T.A., Orlikowska,
E.H. (USDA Forest Service, USA; rdeal @fs.fed.us).

Red alder (Alnus rubra Bong.) appears to influence the productivity and structural diversity of young-growth conifer
forests and affect the major resources (timber, wildlife, and fisheries) of forested ecosystems in southeast Alaska. Stand
dynamics were evaluated in mixed red alder-conifer forests of southeast Alaska by assessing stand development, tree
regeneration, total basal area, and understory plant diversity in 40-year-old red alder-conifer stands that developed
following logging. Red alder offers prospects for increasing biodiversity, wildlife habitat value, tree regeneration, and
growth when included as a hardwood species in mixed hardwood-conifer, young-growth forests. Overall, these mixed
red alder-conifer stands provided more heterogeneous structures, multiple canopy layers, and greater diversity and
abundance of understory plants. Headwater streams with more riparian alder also provided more invertebrates and
supported more downstream fish biomass than those basins with little or no riparian alder. Red alder may serve as an
effective tool for improving terrestrial and aquatic habitat and for restoring important ecosystem functions in
regenerating forests following timber harvesting. Silvicultural systems are being implemented with a mixture of red
alder-conifer compositions to improve diversity of regeneration and also enhance forest resources that are often
compromised in pure conifer young growth forests in the region.

Conservation and management of grassy Eucalyptus globulus forests in southeast Tasmania. Duncan, F., Munks,
S.A. (Forest Practices Board, Tasmania, Australia; Fred.Duncan@fpb.tas.gov.au; Sarah.Munks@fpb.tas.gov.au).

Several policies and processes have been implemented to conserve threatened forest communities and species in
Tasmania. Grassy Eucalyptus globulus forest is a threatened community (>60% loss) occupying approximately 14 900
ha (80% on private land) in southeast Tasmania. Secure reserves contain about 1760 ha of grassy E. globulus forest on
public land and 2200 ha on private land. Many other occurrences are informally reserved. Logging followed by
regeneration to native forest is permitted in threatened communities on private land, subject to requirements of
Tasmania’s forest practices system, including prescriptions for rare or threatened species. Such plant species are
generally maintained on-site by typical logging practices in this community. Management for threatened fauna can be
more complex, as demonstrated by approaches to maintain foraging and breeding habitat of the swift parrot (Lathamus
discolor), a migratory species strongly associated with E. globulus forest. Post-logging auditing (1995-1998) revealed
unacceptable disturbance in clumps of mature trees retained by prescriptions, and supported retention of larger areas of
prime foraging habitat. Improvements to training, planning tools and on-ground practices, and ongoing refinement of
policies, have given better protection to grassy E. globulus forest and its species.

A research-based method for identifying important areas for biodiversity at the forest stand level. Gjerde, I.,
Setersdal, M., Blom, H.H. (Norwegian Forest Research Institute, Norway, ivar.gjerde @ skogforsk.no).

Protection of habitats is necessary to preserve species that are negatively affected by forestry. Usually, only a minor
part of the forests can be protected, and only a minor part of the species can be surveyed. There are two basic and
partly opposing strategies for maximizing species diversity in selected sites under such conditions: The hotspot strategy
and the complementary strategy. If hotspot patterns are weak, complementary selection becomes more important. If
only hotspots are selected, many species are not included. For localization of hotspots, indicators of areas with the
highest number of species are needed. For identification of complementary sites, indicators of areas with different
species composition are needed. In both cases indicators should be accurate, reliable, and easy to register in the field.
These requirements are very often not met, and we stress the importance of basic research preceding management
actions. We report results from a research program on fine-scale spatial distribution of species and indicators, and
describe how the hotspot and complementary approaches have been implemented in a method currently used for
identifying important areas for biodiversity at the forest-stand level in Norway.

How well can current planning measures maintain ecological integrity in the Tasmanian production forest
landscape? Grove, S.J. (Forestry Tasmania, Australia; simon.grove @forestrytas.com.au).

Production forests cover a large proportion of Tasmania’s land surface, and are the dominant land use in many parts of the
State. The Forest Practices Code was introduced in the 1980s and has been updated regularly since then. Its implementation
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has resulted in increasing emphasis by forestry on the needs of forest biodiversity conservation at a range of spatial scales,
both in areas dominated by native forests and in areas dominated by plantations. Code provisions include the requirement
for retaining mature forest in riparian strips, wildlife habitat strips, and clumps. Forestry Tasmania, as manager of the State
forests, has further developed a range of protocols to reduce the ecological impact of harvesting, roading, and plantation
establishment at the landscape scale. Coming almost two decades after the first of these provisions were implemented, this
paper reports on recent research findings that enable a consideration of the extent to which they have so far been successful
in maintaining ecological integrity in areas where production forestry dominates the landscape. It pays special attention to
the value of riparian and wildlife habitat strips, and also reports on the results of a landscape-scale multi-species modeling
exercise centered on the bio-diverse production forests of northeast Tasmania.

Alternatives to clearfell silviculture in tall old-growth forests in Tasmania. Hickey, J.E. (Forestry Tasmania,
Australia; john.hickey @forestrytas.com.au).

The clearfell, burn, and sow (CBS) technique is applied to wet eucalypt forests wood production in Tasmania. This
system is safest for forest workers, gives the highest return, maximizes eucalypt growth, and reduces wildfire risk.
However, the CBS system attracts public concern: high visual impact, smoke nuisance, reduction in rainforest species,
rotting logs, hollow-dependent birds and mammals, and reduced special species timbers and leatherwood nectar. In
response to social concerns, alternatives are being explored that meet safety and regeneration standards, and the
legislated annual sawlog supply. One alternative is a variable retention (VR) harvest system, where the majority of
each coupe is within one tree height of the base of an old-growth tree, or trees, for at least one rotation of about 90
years. Another option is to use single tree/small group selection (SGS) harvest systems where less than 20% of the
stand is harvested at each of five cutting cycles over 100 years. These systems have been implemented at the Warra
silviculture trial in southern Tasmania and their economic, environmental and social performance will be reported in
2007 when the coupes are at least three years old. Preliminary findings are positive, but issues remain: reducing
residues, creating seedbeds, and maintaining the sawlog supply means extensive activity that will impact biodiversity.

Old-growth forest protection in production areas in Western Australia. Hughson, T., Baldwin, P. (Conservation
Commission of Western Australia, Australia; tomhu@ conservation.wa.gov.au).

Society’s need to protect old growth forests has become a significant political issue both in Australia and abroad in
recent years. In Western Australia many commentators view the 2001 pre-election commitment to end logging in old-
growth forests by the Labor Party as instrumental in its victory. However, Labour’s victory did not end public concern
over old-growth issues as there was ongoing concern with smaller fragmented old-growth patches left within
production forest areas. Most concern arose when community groups became aware that areas previously classified as
old-growth were being declassified during detailed planning phases and subsequently were available for logging. In
order to resolve the ongoing controversy, the State government asked the Conservation Commission of Western
Australia to review areas reclassified by the managing agency. The paper provides background to this issue and details
the process of reviewing the reclassified areas at appropriate scales. A systematic approach to the on-ground truthing of
old-growth classification is described, which although relatively resource intensive, reflects community perception of
the value of old-growth forest and a growing need for transparency in decision making in relation to forest
management issues particularly within production areas.

Towards an integrated landscape model of wildlife habitat availability and wood supply in south-eastern New
South Wales, Australia. Kavanagh, R., Stanton, M., Haywood, A., Turland, J., Duc Tuan, P. (NSW Department of
Primary Industries, Australia; rodk@sf.nsw.gov.au).

Forest managers require decision-support tools to understand the consequences of alternative management scenarios in
terms of their effects on wildlife habitat availability and wood supply projections into the future. In the past, wildlife
management for sensitive species in Australian forests has focused on the provision of core habitat or limiting
resources without fully recognizing the contributions to wildlife habitat provided by the mosaic of ‘disturbed’ areas
within the production forest landscape. Recent studies of the spatial and temporal responses to intensive logging of
large forest owls and their arboreal marsupial prey show that both logged and unlogged forests contribute significantly
to the habitat requirements, and hence the population status, of these conservation-priority species in production forest
environments. Independently, significant efforts have been made to apply spatially-explicit scheduling of wood supply
(yield) in the forests of south-eastern New South Wales (NSW). The tasks of developing and then successfully
integrating these spatial and temporal models of wildlife habitat availability and wood supply are daunting and will
require considerable investment. Important issues needing to be addressed include the identification of goals and
constraints so that conservation and production objectives can be optimized. This paper outlines some of the key steps
required and progress to date in developing a decision-support tool for forest management in south-eastern NSW.
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Echoes of clutter: the response of bats to attributes of Australian re-growth forest. Law, B., Chidel, M.
(Department of Primary Industries, New South Wales, Australia; bradl@sf.nsw.gov.au).

Extensive areas of re-growth forest constitute much of the timber production matrix in Australia. These areas provide habitat
for many species that will never be represented in a Reserve network. Ecologically sustainable management of re-growth
forest requires knowledge about species responses to the changing dynamics characterized by regenerating forests. Bats are
a particularly diverse group of mammals that warrant attention because many are hollow-dependent and they are likely to play
an important functional role as consumers of insect pests. Fundamental to understanding the response of bats to the structure
of re-growth forests is the fact that they use a different sensory system (echolocation), which means they perceive their en-
vironment differently to other fauna. Clutter in the form of obstacles is prevalent in re-growth and this impedes echolocation
and flight, depending on the particular adaptations of different species. We outline three studies that demonstrate a negative
response of a suite of bat species to dense clutter in three distinct Australian re-growth forests. Small tracks that typically
penetrate re-growth are identified as a key feature of the landscape that are exploited by bats and that potentially ameliorate
the negative effects of clutter. Clutter needs to be incorporated into the concept of what constitutes a structurally diverse forest.

Managing forest mosaics: values of eucalypt plantations, re-growth stands, and retained mature forest as habitat
for fauna. Loyn, R.H., McNabb, E.G., MacHunter, J., Rossi, S., Wright, W. (Arthur Rylah Institute for Environmental
Research, Australia; richard.loyn@dse.vic.gov.au).

Several studies have been conducted in mosaic landscapes in Victoria to determine the relative values of different habitats
and their spatial arrangements for fauna. Special attention has been paid to birds, but bats and other mammals have also
been considered. This paper summarizes some key conclusions that may help improve conservation management of mosaic
landscapes. Eucalypt plantations can provide valuable habitat for some species, and can help buffer remnant vegetation
against adverse effects of stock and invasive birds—notably native Noisy Miners, Manorina melanocephala. Plantations on
farmland allow some bird species to extend their foraging into parts of the cleared landscape that had formerly been denied
to them. Eucalypt plantations and re-growth from logging support lower densities of forest birds and mammals than mature
forest, and higher densities than cleared farmland. Various habitat features contribute to the value of plantations and re-
growth as habitat for fauna. In some cases, habitat values can be enhanced through small changes to the design or
management of plantations, and small changes in management practices within native forest. These enhancements can
apply within the habitats themselves, and to a lesser extent in adjacent cleared or forested land.

Natural disturbance regimes, and landscape and stand structural targets in cool temperate rainforests of coastal
British Columbia. Mitchell, S.J., Pearson, A., Kimmins, J.P., Stull, R. (University of British Columbia, Canada;
smitchel @interchg.ubc.ca).

The government of British Columbia, Canada, has specified landscape-level targets for seral stage distribution and patch
size, and approximately 60% of current harvesting is under the retention system. These targets typically reflect experience
in fire-dominated ecosystems. In B.C.’s cool temperate rain forests, wind, fluvial, and geomorphic events are the principle
natural disturbance agents. We have been investigating landscape and stand-level disturbance patterns and structure in
coastal forests using historical aerial photographs, GIS databases, and field sampling. In our work to date we have found
that 1-4% of the forested area in hypermaritime ecosystems on southwest Vancouver Island is occupied by windthrow-
origin single-cohort stands. Patches average 8.5 ha and range from 0.3-59 ha. Our logistic regression models indicate that
these stands are more likely in locations with high topographic exposure, good soil drainage, and high soil fertility. We are
working on predictive models for occurrence of cohort and gap-phase stands, expanding our work to the Queen Charlotte
Islands, and using meso-scale modeling to improve predictions of extreme wind patterns in complex coastal terrain. Our
research: improves tools for investigating disturbance processes, improves our understanding of natural landscape and stand
dynamics, and enables us to make recommendations on target conditions and silvicultural systems.

Managing landscape mosaics at the forest-agriculture interface for improved rural livelihoods: A case of study
in the Congo Basin. Ngobo, M., Weise, S., Robiglio, V., Bakam, 1., Nolte, C., Hauser, S. (/ITA, Yaoundé, Cameroon;
m.ngobo@cgiar.org; s.weise@cgiar.org; v.robiglio@cgiar.org; i.bakam@cgiar.org; c.nolte@cgiar.org;
s.hauser@cgiar.org), Legg, C. (IITA, Nigeria; c.legg@cgiar.org), Tonye, J. IRAD, Cameroon;, j.tonye@ camnet.cm),
Diaw, C., Mala, W.A. (CIFOR, Yaoundé, Cameroon; c.diaw@cgiar.org;, w.mala@cgiar.org).

Most of the deforestation in the Congo basin is attributed to smallhold agriculturalists using extensive slash-and-burn
techniques. Improved rural livelihoods are the key to poverty reduction and sustainability of landscape mosaics at the
forest-agriculture interface in the region. A collaborative partnership uniting research institutes, non-governmental
organizations, and universities members of the Alternatives to Slash-and-Burn (ASB) national Consortium in Cameroon has
worked with local communities to identify and develop options that can improve rural livelihoods while preserving forests.
The objectives of the project have been to: 1) characterize and evaluate existing land use systems, 2) modify or develop
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alternative technologies to the practice of slash-and-burn cropping system, and 3) identify, assess and design policy tools
and mechanisms through which they could be implemented. The main project outputs include: baseline datasets, tested
resource management options for increased productivity of cropping systems, development of integrative models and
participatory community action methodologies, and improved mechanisms for policy formulation and dialogue at various
levels. It is concluded that there is no single ‘best bet’ solution to rural poverty alleviation at the forest-agriculture interface
in the Congo Basin. Only by integrating various components can the question ‘are sustainable landscape mosaics feasible at
the forest-agriculture interface in the region?” be addressed objectively.

Managing forest mosaics in the south-west of Western Australia. Stoneman, G.L., Rayner, M.E. (Department of
Conservation and Land Management, Western Australia, Australia; geoffs @ calm.wa.gov.au).

This paper examines mosaics in terms of spatial and temporal patterns, and intensity of disturbance. Mosaic will also be
considered in terms of scales of management, from the whole forest, to the landscape, and to the stand scale. The concepts
of connectivity, landscape heterogeneity, and stand structural complexity are integrated in this discussion. The paper
presents a broad overview of the current management system and how it addresses mosaics within this management matrix.
New and novel features of the management system will be emphasized. In particular, the criteria for selection, and
guidelines for implementation, of fauna habitat zones with State forest and timber reserves will be examined. Additionally,
some of the tools used to facilitate the integration of forest management across the landscape to provide for the range of
values desired by the community are examined. Strengths and weaknesses of the management system are analyzed.

The expanding international role of agroforestry in the establishment and
management of planted forests: Impediments and success stories

Organizer: Heather Crompton Department of Agriculture, Fisheries and Forestry, Australia;
Heather.Crompton @ affa.gov.au

New model of agroforestry system tested and preferred by farmers in the terrace-farming area of Nepal.
Barakoti, T.P. (Nepal Agricultural Research Council, Nepal; tpbarakoti@yahoo.com).

Experiments to produce fodder year-round and utilize unproductive terrace risers of cropping land were conducted in
the hills of Nepal during 2000-2004. Fodder trees were planted on the edges, and forage species were grown on the
terrace risers to meet the need for fodder and fuel-wood. The long-term objective of the experiment is to quantify
shade effects of fodder trees on forage species and their combined effect on field crops. Almost all tested fodder trees
and forage species had high survival and good growth in the terrace risers. Of the ten species tested, excellent growth
was observed in Ficus semicordata, Leucaena leucocephala, Grewia oppositifolia, Ficus auriculata, and Albizia
Jjullibrissin. Data on plant height, number of tillers, size of leaf, plant stand, survival, dry matter, fresh and dry yield of
fodder recorded at harvesting varied significantly. Napier, Dhus, Setaria and Desmodium had vigorous growth, yielded
higher, and was harvested 3—4 times/yr. Dry matter and fodder yield were higher in the FYM applied (20 t/ha)
treatments. The highest growth was in Ficus semicordata (4-5 m within 3 yrs) followed by Leucaena leucocephala and
Grewia oppositifolia, whereas lowest rate was in Bauhinia purpurea, Litsea polyantha and Artocarpus lakoocha.
Farmers were impressed with the new model and started to grow/replicate the fodder species in their land.

Silvicultural perfomance of “sansdo-do-campo” trees (Mimosa caesalpiniaefolia Benth., Mimosaceae) in
agroforestry systems. Campoe, O.C., Engel, V.L. (occampoe @fca.unesp.br; veralex@fca.unesp.br), Parrotta, J.A.
(USDA Forest Service, USA; jparrotta@fs.fed.us).

For both ecological and socioeconomic reasons, agroforestry systems are being considered an alternative for restoring
Atlantic Forest patches in southeastern Brazil. The project reported in this paper evaluated the silvicultural
performance of ‘sansdo-do-campo’ trees (Mimosa caesalpiniaefolia Benth., Mimosaceae) in an eight-year-old modified
‘Taungya’ system. The research was undertaken on two different sites. We sampled and measured 15 individuals on
each site for total biomass production, and six individuals for fine- and woody-root biomass analysis. The average
individual dry biomass did not vary significantly between sites (155 kg in red clay soil and 153 kg in red-yellow soil);
root total dry biomass was higher (245 kg/ind;) than shoot biomass in both sites. Trunks represented 62 % (108 t/ha) of
the aboveground biomass, while branches represented 29% (37 t/ha) and leaves 8.5% (8.5 t/ha). Annual litterfall
production was 4.8 and 5.4 t/ha in red clay and red-yellow soils, respectively. The species was considered a good
multipurpose tree for forest restoration, comparable to other better known ones, because its fast growth, high
production of aboveground, root and litter biomass, and good adaptability to most sites.
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Potential of agroforestry as a land-use option in Punjab, India. Dogra, A.S., Upadhyay, A. (Punjab State Forest
Department, India; asdogra@sify.com; aku@ menf.delhi.nic.in), Dhanda, R.S. (Punjab Agricultural University, India;
dhandars2002 @yahoo.co.in).

Punjab, with a forest and tree cover of only 8.1%, falls far short of the stipulated national goal of 33%. Diversification
from intense agriculture, that is depleting soil of its nutrients and lowering ground-water table, is needed. This requires
technological and policy interventions in critical areas to offer farmers practical, viable, and economically attractive
alternate land use options. Agroforestry offers a better livelihood strategy to farmers due to relatively low input costs,
flexible labour requirements, higher profitability, diversity of income sources, and more negotiating power at the
marketing stage than with annual crops. Interest in trees is higher with increasing labour opportunity cost. Tree-crop
combinations have been found to give better economic returns than trees or annual crops alone. This paper addresses
the challenges that lie in optimizing economic returns by determining suitable: site-specific tree-crop models,
management strategies and harvest cycles, fast growing and high yielding planting stocks, developing efficient
marketing mechanism, and optimum wood balance through integration of plantations and wood-based industries. The
issue of short-rotation forestry as a clean development mechanism for optimizing carbon credits will also be discussed.

Sustainability through agroforestry: farmer’s innovations. Gangadharappa, N.R., Ibrahim, S., Sajeev, M. V.,
Shivamurthy, M., Srinivasa Reddy, M.V., Nagesha, G., Ranganath, A.D. (University of Agricultural Sciences, India;
nrganga@yahoo.co.in).

Social, marketing, economic, or institutional issues still hinder transfer of agro-forestry techniques to areas that appear
biologically suitable. Hence this research paper examines the issue relating to cost-benefit analysis of mapped agroforestry
models, marketing channels used, and problems faced and solutions adopted. PRA techniques such as transect walk,
multiple time line analysis, matrix ranking, and problem and solution tree, were used and primary data was obtained
through personal interview methods by using a pre-tested schedule from 558 farmers. The study revealed that all the seven
identified agroforestry models are profitable in various proportions, but, agriculture-pasture, agriculture-silviculture, and
agriculture-silviculture-pasture models are more profitable. The factors that contributed to the phenomenon were land
holding, social participation, mass media participation, motivation, and farm power status. The majority of the farmers
marketed timber and firewood through middlemen or in the local market. Though non-availability of tree saplings,
uncontrolled grazing, and lack of awareness were the very significant perceived problems, farmers themselves have solved
these problems by establishing nurseries, forming associations, and conducting education activities by involving resource
persons. The study also revealed that farmers preferred teak, tamarind, jack, and neem tree species.

Policy and legal constraints for agroforestry development in the Indian Himalayas. Gupta, H.K. (Forest Survey of
India, India; ghemant_sml@ hotmail.com).

Agroforestry has traditionally been an integral part of the complex, highly interactive, and substantive farming system in the
Indian Himalayas. Farmers on their private lands under different agro-systems maintain different tree species. Agroforestry
systems based on need, economy, and environment are practiced in Himalayas. The programs for forestry development
have been attempted through three-dimensional forest farming, social forestry, joint forest management, integrated
watershed development, and now under the sustainable livelihoods framework. Existing policy and legal provisions on the
control, use, and management of forests and government lands, are scattered over several acts, rules, settlement reports,
notifications, and government orders. This paper discusses the acts relating to the management, harvesting, transport, and
marketing of trees grown on private lands and explains that the existing forestry legal framework is a major deterrent to
agroforestry development. The legal provisions are found to contain conflicting and contradictory provisions. There needs
to be a careful and systematic analysis of policy objectives to develop and redesign regulatory instruments to support
development of agroforestry. This study established that rules and regulations are required to encourage people to promote
agroforestry species and emphasizes that there is a need for a coherent national and state-wide agroforestry policy.

The influence of nurse-trees on initial seedling establishment and tending operations in agroforestry
experimental sites in Sabah, Malaysia. Kamo, K. (Forestry and Forest Products Research Institute, Japan;
kamo @ffpri.affrc.go.jp), Jamalung, L. (Forest Research Centre Sabah, Malaysia).

We studied the initial survival and growth of 25 plant species near Sandakan, eastern Sabah, Malaysia, in 2002 and
2003 to clarify suitable shading conditions and thinning method on initial establishment of mixed forests. Species
included: Dipterocarpaceae, indigenous fast-growing trees, fruits trees, medicinal plants, and cash crops. Study sites
were: 1) an Acacia mangium stand (1.6 ha) and secondary forest (2.9 ha) with thinning plots in two directions—east-
west and north-south, 2) a plantation of six exotic species, and 3) in a cleared (2 ha) forest site. Weeding requirements
were investigated. Results are: the majority of plant species had higher survival rates in thinned A. mangium, secondary
forest, and under canopies of exotic tree species, than in cleared sites. Most Dipterocarpaceae species showed higher
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mortality rates in cleared plots than in thinned plots. Except for shade-intolerant tree species, most plant species
showed significantly higher growth rates in thinned than cleared plots, and significantly higher growth rates in north-
south line thinning plots. Weeding time was approximately 40% shorter and weeding conditions were less harsh in
thinned than cleared sites. Results suggest moderate shade (RLI: 10-20%) cast by forest canopies facilitate seedling
establishment and reduce weeding, in comparison with conventional planting in cleared forest sites.

Inventory of Guadua bamboo: a complex and special case of forest mosaic in the coffee region of Colombia.
Morales, D., Kleinn, C. (Georg-August-Universitdit Gottingen, Germany, dmorale @ gwdg.de).

For a sustainable management of any type of resource it is imperative to know about the growing stock, its location,
and changes. In this context, mapping and forest inventory play an important role. In forestry there are many studies
and references on this topic, but less so about the assessment of landscape mosaics with many and irregular patches of
forest and bamboo. In 2002, an inventory of Guadua bamboo (Guadua angustifolia) stands was carried out in the
central area of Colombia. Guadua ‘forests’ are found along rivers and creeks, and also in patches away from water
bodies. Their spatial distribution and fragmentation makes Guadua an interesting object in the context of the
assessment of forest landscape mosaics. Area estimation was made by sampling aerial photographs and the growing
stock was inventoried by a two stage field sample. In this paper, the approach, experiences, and results of this inventory
of stands of G. angustifolia are presented and discussed.

The development status of agroforestry in Korea. Shon, C.H., Seok, H.D. (Korea Rural Economic Institute,
Republic of Korea; shon9@krei.re.kr).

This paper reports on a study that analyzed the developmental stages of agroforestry in Korea. Three stages are
classified by the types of developmental processes and time sequences. The first stage, from the early 1960s to the late
1970s, aimed at acquiring arable lands in mountainous areas in order to provide crops. This type was discontinued due
to considerable degradation of mountainous areas, mainly by erosion. The second stage provided lands for another type
of agricultural usage. Due to the enhance life style during the 1970s and 1980s, there was an increased demand for
meat, but there was a considerable storage of land for livestock farming. This stage was also unsuccessful due to
inappropriate conditions for livestock grazing in mountainous areas. The third stage is multiple use of mountainous
areas by applying systematic utilization—a combination of forestry, agriculture, and livestock farming—which is
presently the general approach in mountainous areas of Korea.

Phytogenetic preferences of farmers’ communities during a crisis context in the cocoa agroforest area of the
humid forest zone of southern Cameroon. Sonwa, D.J., Weise, S. (International Institute of Tropical Agriculture,
Cameroon; dsonwa@cgiar.org; desonwa@yahoo.fr), Adesina, A.A. (The Rockefeller Foundation, USA), Tchatat, M.
(Institut de Recherche Agronomique pour le Développement (IRAD), Cameroon), Nkongmeneck, A.B. (University of
Yaounde I, Cameroon), Ndoye, O. (Center for International Forestry Research (CIFOR) IITA-HFC, Cameroon),
Endamana, D. (International Institute of Tropical Agriculture, Cameroon).

A long tradition of cocoa growing has allowed farmers to rely mainly on this commodity as their main income sources
despite the potential of: 1) plants associated with cocoa inside agroforest, and 2) crops growing outside cocoa
agroforestry. With the drop of cocoa prices and liberalization of economic and agricultural sectors, farmers’ strategies
to maintain and increase their incomes shifted toward the latest commodities. Intensifying and diversifying non-cocoa
phytogenetic resources inside agroforestry can help in minimizing ecological/economical risk and increase ecosystem
services. Based on the participatory rural appraisal with 45 rural communities in southern Cameroon, the study
evaluated: 1) the dynamics of farmers’ practices before/during the cocoa crisis and devaluation of the local currency, 2)
the contribution mix of incomes between cocoa and other phytogenetic resources, 3) the current constraints on cocoa
production, and 4) phytogentic resource preferences of farmers in view of diversifying and increase their income in and
outside cocoa agroforests. With the cocoa crisis and agricultural reforms (implemented under the advices of bilateral
and multilaterals partners of Cameroon), according to farmers, income contribution from plants (inside cocoa
agroforest) and crops (outside cocoa agroforest) has increased. Putting efforts to diversify inside cocoa agroforests will
help to minimize risks associated with livelihood and sustainability in forested areas.

Potentials of agroforestry for improving local socioeconomy and environment with particular reference to
damar (Shorea javanica) agroforest. Sukandi, T. (Research and Development Centre for Forest and Nature
Conservation, Indonesia; taulana@forda.org).

Damar (Shorea javanica) based agroforestry has been practiced for more than a century by most local people in Krui
area, West Lampung, Indonesia. This paper reviews potentials of damar agroforest in terms of its socioeconomic and
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environmental benefits based on studies conduced by some researchers. Damar agroforest contributed 45—-100% of

the total income of local people, while financial analysis indicated that its benefit-cost ratio was 7.41 with the break
even point in the fourth year. Damar agroforest is a multi-strata agroforest that is ecologically similar to the forest
ecosystem. Soil conditions in some mature agroforests were not significantly different from mature secondary forests.
Although it has a relatively low carbon stock (43.9 t C/ha/cycle), damar agroforest provides long-term for sequestering
of carbon. Problems faced in the management of damar agroforest are identified and alternative solutions are discussed
in this paper.

Management of upland temperate agroforestry systems for improving productivity under rain-fed conditions in
northwestern India. Thakur, P.S., Dutt, V,, Lal, C., Singh, S. (University of Horticulture and Forestry, India;
ps_thakur@yspuniversity.ac.in).

Diversification and sustainability in production are the two main goals to be achieved through short- and long-term
strategies. Management of agroforestry systems in general, and the tree component in particular, exert strong influence
on the performance and production ability of associated components. Our studies over the last eight years on location-
specific agroforestry models developed for upland terraces as well as silvi-pastoral models for sloping, degraded land
in the northwestern Indian Himalayas indicate that suitable tree-crop combinations, followed by proper tree canopy
management are the deciding factors for making upland temperate agroforestry a viable and profitable land use system.
Proper tree crown management has been found to regulate belowground and aboveground biological interactions for
critical resources between the components of the systems, and also maintains vigour and biomass production ability for
prolonged duration. Various canopy management practices—maintenance of tree components as hedgerows at different
spacing, retention of canopies by the cutting of stems to different heights, and removal of crown to 25, 50, and 75%—
have been found to strongly influence performance, production abilities, and physiological status of associated
agricultural crops to a large extent. The findings suggest an additional advantage of suitable management approaches in
improving production and monetary gains to the hill farming community.

Repeated measurements in agroforestry research. Tumwebaze, S.B. (Makerere University, Uganda;
tumwebaze @forest.mak.ac.ug; tsbalaba@syr.edu), Allan, E. (University of Reading, UK; e.f.allan@reading.ac.uk).

The paper investigates repeated measurement methods for the analysis of agroforestry data and explores ways to
determine the utility of undertaking more complex procedures. Data used are from an experiment conducted from
1993-1997 at the International Centre for Research in Agroforestry Station in Machakos, Kenya. The objective was to
obtain information that could be used in the selection of multipurpose trees and for the development of agroforestry
technologies that minimize competition and improve crop yield. Different approaches (exploratory analysis, ANOVA,
conventional split-plot, random coefficient regression, and fixed-effects models) were used in the analysis, taking into
consideration repeated measures. Results revealed that crop yields increased in a non-linear manner with distance from
trees. This trend differed for treatments and blocks. ANOVA was used to test for whole-plot differences. Mixed-model
methods were used to take into account the covariance structure and non-linear behaviour of the data. Comparisons
between the different analysis methods suggest that, although ANOVA gives similar results and conclusions for data
without missing values, it has a higher standard error of difference between treatments compared to the mixed-model
procedures. The number of replicates needs to be increased from 4-8 to obtain the same precision when using
summary statistics. Overall, the mixed-model methods, though complex, are worth doing if higher precision of
treatment comparisons is required.

The uses of Borassus flabellifer, a dominant woody species of the agroforestry parklands to the Southwest of
Burkina Faso. Yameogo, J., Bayala, J. (CNRST/INERA/DPF, Burkina Faso, and University of Ouagadougou, Burkina
Faso; finayame @yahoo.fr), Ouedraogo, S.J., Belem, O.M. (CNRST/INERA/DPF, Burkina Faso).

Borassus flabellifer (L.) (ronier) marks the southwesterly rustic landscape of Burkina Faso. It has been integrated into
the life of the local people. This poster is about its uses, and its socioeconomic and cultural repercussions in this
region. Investigations have been made in three localities and in the markets of Banfora. The interviewed people were
the outfitters of derivative objects of ronier—dealers, extractors of sap and roniers owners. The poster presents the
population’s knowledge concerning ronier uses. The roots, trunk, leaves, and flowers are all implied in uses, grouped
into six categories: 1) fruits, mesocarp, and walnuts are food, 2) buds ashes are used as potash, 3) the sap is extracted
for consumption and sale, 4) leafstalks are used for domestic uses objects such as sieves, five kinds of baskets, braids,
sifter, and objects of decorations, and 5) construction of houses use trunks for rafters of the roofs, frameworks of doors
and windows, posts for fences and parks for livestock, and 6) as a medicine, the young leaves, resin, flowers, and the
boiled mesocarp are used to treat male impotence, dental pains, ear aches, dermatitis, tooth decays, and the intestinal
parasites. In addition, seats, bridges, hives, and electric posts are made of trunks.



46 XXII TUFRO World Congress Forests in the Balance: Linking Tradition and Technology

Research demonstration: Long-term multi-purpose experiments
in the forest sector

Organizer: Charley Peterson USDA Forest Service, USA; cepeterson @fs.fed.us

Biomass and nutrient concentration in Nothofagus betuloides second-growth forest stands. Caldentey, J., Fuentes,
J.P. (Universidad de Chile, Chile; jcaldent@uchile.cl).

Above ground biomass and nutrient concentrations were estimated in two Nothofagus betuloides second-growth forest
stands located in Magallanes, Chile (53° 45’; 71° 9° W). Allometric equations, generated from the destructive sampling
of 50 trees, were used for biomass determination. Nutrient contents at the stand level were estimated from biomass
values and average nutrient concentrations. At the younger stand (65 years old; 4,100 trees/ha; 15.2 BDH; mean tree
height of 13.2 m) the total biomass was 216.6 t/ha, which was distributed as: 168.7 t/ha stem-wood, 22.2 t/ha bark,
19.8 t/ha branches, 5.9 t/ha leaves. Total concentrations of N, P. K. Ca, Mg, Zn, Mn, Fe, Cu, and B, were 545.8, 37.8,
65.9, 685.0, 73.3, 4.8, 33.7, 15.3, 0.47 and 1.3 kg/ha, respectively. At the older stand (75 years old; 1,880 trees/ha; 21.6
BDH; mean tree height of 18.2 m) the total biomass was 301.3 t/ha, and was distributed as: 229 t/ha stem-wood, 27.3
t/ha bark, 38.6 t/ha branches, and 6.4 t/ha leaves. Total concentrations of N, P, K. Ca, Mg, Zn, Mn, Fe, Cu, and B were
769.0, 50.3, 86.3, 892.6, 98.9, 6.4, 44.9, 21.2, 0.6, and 1.8 kg/ha, respectively.

Microclimatic variations in a Nothofagus pumilio forest caused by shelterwood systems: Results of seven years of
observations. Caldentey, J., Ibarra, M., Promis, A. (Universidad de Chile, Chile; jcaldent@uchile.cl).

Based on seven years of meteorological data (1997-2003), the microclimate effects of a shelterwood system in Lenga
(Nothofagus pumilio) forest stands located in the region of Magallanes, Chile were studied. Two weather stations were
installed under managed and non-managed Lenga stands. The managed stand had 50% basal area reduction as a result
of the application of the shelterwood silviculture system in 1995. Global solar radiation, air temperature, soil
temperature at 15 and 30 cm depth, relative humidity, and wind speed were measured hourly. The parameters, degree-
days, chilling hours, and evapotranspiration were estimated from the previous parameters. Significant statistical
differences (P<0.05) in all parameters were found. Global radiation and average wind speed were respectively, tree and
two times greater in the managed forest stand than in the non-managed stand. During the study period, with the
exception of extreme wind speed values, all parameters showed no significant year-to-year variations. Cumulative
degree-days were greater under the managed forest stand than under the non-managed stand. Cumulative chilling hours
was greater under the non-managed stand than under the managed stand. Higher global radiation, air temperature and
wind speed, and lower relative humidity in the managed forest stand caused greater evapotranspiration than under the
non-managed forest stand.

Effects of shelterwood system on photosynthetically active radiation (PAR) and plan regeneration in Nothofagus
Pumilio stands in Chile. Caldentey, J., Ibarra, M., Promis, A., Hernandez, P. (Universidad de Chile, Chile;
jecaldent@uchile.cl).

The effects of a shelterwood system on photosynthetically active radiation (PAR) and plant regeneration were analyzed
in two Nothofagus pumilio stands in Magallanes, Chile. A non-disturbed forest stand (ND) and a shelterwood-managed
(SM) forest stand were selected. At each stand, 15 quantum sensors were distributed according to three levels of
canopy coverage. Photosynthetically active radiation was measured during two growing seasons. Four plots (1 m? each)
were established around each quantum sensor and stem height and basal diameter were measured at each plot in ten
labeled plants of upper-regeneration layer. Plants were measured on Feburary of 2001, 2002 and 2003.
Photosynthetically active radiation was 2.4 and 2.9 times greater under the SM stands than under the ND stand. During
the study period, PAR increased with less canopy coverage. A similar pattern was observed with increments in
regeneration height and basal diameter. These results show a clear effect of shelterwood systems and canopy coverage
on the amount of radiation received and plant regeneration growth.

Results of fifty years of monitoring the growth and development of a 161 year old Norway spruce culture.
Dubravac, T., Vrbek, B., Benko, M., Vuleti¢, D., Littvay, T. (Forest Research Institute, Croatia; tomod @ sumins.hr).

The natural course of development of the structure and re-establishment of the stand was monitored during the period
from 1956 to 2004 on a permanent experimental plot, established in 1956 in a culture of Norway spruce in the
montane region of Croatia. The plot borders a natural forest of beech and fir (Abieti-Fagetum croaticum, Horv. 1938)
on dolomite. At the time of establishment in 1956, and on the basis of an analysis of 16 Norway spruce trees, the stand
was 113 years old. The plots were 100x100 m in size, with 10x100m subplots, on which all trees were numbered,
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measured, and phenotypically described. During 1957, thinning was performed on 39 trees, and in 1962, another 27
trees (felling intensity 19%). In 1994 and again in 2004, the trees were remeasured according to the same principles as
during the first measurement, the state of the young growth was recorded, and horizontal and vertical crown
projections of all trees were expressed in digital form. The abundance of data and the permanent plot, which is
particularly well preserved, provide the possibility of multidisciplinary monitoring in the natural course of development
of these stands.

Challenges in statistical inference for large-scale operational experiments. Ganio, L.M. (Oregon State University,
USA; lisa.ganio@oregonstate.edu).

Incorporating the results of research investigations into public forest policy and land management decisions

has become more prevalent. And yet there is much discussion of the role of scientific research into public
decision-making and how research can be incorporated effectively. Ideally the best available science would

be used in these endeavors. However, scientific investigations take many forms and it is not always clear
whether a study can be applied to a specific setting. Accordingly, the appropriate strength of a particular result
requires an understanding of the differences and interactions among the design components for specific objectives.
The study design, or structure of an investigation, classifies it into one of several broad groups that differ in their
strength of generalizable or repeatable results. Operational-scale management experiments, designed to achieve
multiple research objectives at multiple spatial and temporal scales, incorporate features of several types of study
designs complicating the inferential process. For example, the strength of inference for a large-scale primary
objective may differ from that for a finer-scaled objective. This work examines how the differences and
interactions among study design components, research objectives and response variables affect the strength of
inference in large-scale field research.

From little things big things grow: The Warra Silvicultural Systems Trial in Tasmanian tall Eucalyptus obliqua
forest. Hickey, J.E. (Forestry Tasmania, Australia; john.hickey @forestrytas.com.au), Neyland, M.G. (Forestry
Tasmania, Australia), Grove, S.J. (Forestry Tasmania, Australia).

Clearfell, burn and sow (CBS) is the prescribed silvicultural system for wet eucalypt forests in south-east Australia but
raises concerns due to aesthetics and a reduction in late successional species and structures when rotations of 90 years
are used. The 200 ha Warra Silvicultural Systems Trial was established from 1998-2004 in Tasmanian multi-aged tall
Eucalyptus obliqua forest to compare CBS with five alternatives: CBS with understorey islands, stripfells, 10-15%
dispersed retention, 30% aggregated retention and single tree/small group selection. Our design, of two replicates per
treatment, was simple but well matched to our modest research funding, and the challenges of implementing adjacent
treatments that prescribed nil, low- or high-intensity burning. Small group selection caused major safety concerns for
forest workers. Preliminary results indicate highest stocking of eucalypt seedlings, and greatest profitability, under
CBS. However, the dispersed and aggregated forms of variable retention were more acceptable to the public.
Aggregates retained late successional understorey species and structures and also provided propagules for
recolonisation. Management of logging residue to provide a seedbed for regeneration and to reduce future fire hazard
remains a critical issue under variable retention. Despite its limitations, the trial has been instrumental in rethinking
silvicultural approaches for wet eucalypt forests.

Stand dynamics after variable-retention harvesting in mature Douglas-fir forests of western North America.
Maguire, D.A. (Oregon State University, USA; doug.maguire@oregonstate.edu), Mainwaring, D.B. (Oregon State
University, USA); Halpern, C.B. (University of Washington, USA).

Variable retention harvests have been advocated for maintaining biological diversity on harvested sites, but the details
of a successful silvicultural system based on variable retention harvests have yet to be specified. The Demonstration of
Ecosystem Management Options (DEMO) study was established in mature Douglas-fir (Pseudotsuga menziesii) forests
to test the effects of varying levels and patterns of residual trees on a range of forest taxa, ecosystem processes, and
public perceptions at an operational scale. The following six treatments were assigned randomly to 13-ha treatment
units at each of six blocks in western Oregon and Washington, USA: 100% retention, 75% aggregated retention, 40%
dispersed retention, 40% aggregated retention, 15% dispersed retention, and 15% aggregated retention. Planted
seedling mortality increased with decreasing levels of retention, and mortality was greater under aggregated retention.
Advance regeneration and planted seedlings generally grew greater under lower levels of dispersed retention. In
contrast to the rapid release of Abies concolor and Abies amabilis advance regeneration, P. menziesii exhibited some
height growth reduction immediately after release in some variable-retention treatments. Basal area growth of retained
overstory trees accelerated during the first 5-yr period after harvest, but dispersed treatments experienced considerable
overstory mortality from uprooting or stem breakage.
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Forestry heritage: Research plots. Podrazsky, V., Remes, J., Svoboda, M., (Faculty of Forestry and Environment,
Czech University of Agriculture Prague, Czech Republic; podrazsky @fle.czu.cz; kremes@fle.czu.cz;
svoboda@fle.czu.cz).

The long-term character of forestry represents a buffering factor that partially eliminates societal changes throughout
the centuries. Shifts of economic- and management conditions have occurred much faster than the growth processes of
forest stands. Economic and environmental demands of the pubic on forests often differ considerably, and forestry
research is facing similar problems. Permanent research plots then represent a constant, whereby societal needs and
demands can be changed, as necessary. The appropriate establishment and continuous preservation of the research plots
is the main treasure of any forestry research institution. The poster documents the problems of long-term research plots
of the Faculty of Forestry and Environment, which were closed for political reasons between 1964 and 1990. The
location of old research plots in the forest, their re-establishment, re-construction and cost saving in commercial forest
management are important objectives of our staff.

Large-scale, long-term silvicultural experiments in the USA. Seymour, R.S. (University of Maine, USA;
Seymour@umenfa.maine.edu), Guldin, J., Marshall, D., Palik, B. (USDA Forest Service, USA; jguldin @fs.fed.us;
dmarshall@fs.fed.us; bpalik@fs.fed.us).

This paper reviews experience and research findings from select large-scale, long-term silvicultural experiments in four
regions of the United States: the Northeast, the Lake States, the mid-South, and the Pacific Northwest. As early as the
1930s, when there was nationwide interest in multi-aged silviculture, researchers recognized that silvicultural systems
involving within-stand variation in age and size structure could not be tested effectively on small (< 1ha) plots, and
began installation of compartment-scale (10-20 ha) trials in many experimental forests throughout the United States.
Such large-scale trials have experienced a revival in the past decade, partly in response to renewed interest in managing
for within-stand structural complexity, and partly to test various hypotheses about aspects of biodiversity that are large-
area dependent (e.g., effect on avian communities). Large-scale experiments are difficult and expensive to install,
properly replicate, monitor, and maintain over time. However, they have three benefits: 1) scientists learn to appreciate
operational realities of forest managers, such as limitations of harvesting systems, 2) study sites provide ‘life-size’,
realistic examples of innovative silvicultural systems, and 3) installations offer great field laboratories to study a wide
range of questions including small-scale phenomena, such as salamander dispersal and seedling development.
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Sub-theme: Utilizing Genetic Resources to Further Sustainable Forestry

Utilizing genetic resources to further sustainable forestry
Session organizer: Eric Teissier du Cros INRA, France; eric.teissierducros @ avignon.inra.fr

Genetic conservation for trees and people: Old problems and new challenges from a European perspective.
Geburek, T. (Federal Research and Training Centre for Forests, Natural Hazards and Landscape (BFW), Austria;
thomas.geburek@bfw.gv.at).

Genetic diversity is the ultimate source of biological diversity at all levels: genes, species, and ecosystems. Genetic
resources should be conserved for the future, both to secure the width of the gene pools and to allow the utilization of
best origins of forest productive material. A loss of genetic diversity may have negative consequences for fitness and
forest production and may prevent necessary evolutionary changes to environmental chances. Although genetic insights
into several forest trees species have been significant in recent years, we still do not know ‘how much’ and ‘where’
genetic resources should be sampled and conserved. While different concepts (e.g., Evolutionary Significant Unit) have
been used in other biological sectors, helpful tools to prioritize conservation activities in forest trees are mainly
missing. Moreover, genetic management units based solely on scientific grounds will not work. Genetic conservation
must merge science and politics into a sound technical management of resources. Europe harbours as a fine-grained
mosaic of countries with differing significance of the forestry sector, forest history, way of thinking, ownership pattern,
etc . This entails that common action plans are impeded. It is advocated that genetic conservation must be an integrated
part of nature conservation and regular forest management. Action to be taken should be triggered by an appropriate
monitoring system (adaptive management), which should be part of the national biodiversity monitoring systems.

Historical imprints of postglacial invasion on genetic diversity in European oaks. Kremer, A., Petit, R. (INRA,
France; antoine @pierroton.inra.fr).

A continental wide inventory of chloroplast DNA (cpDNA) polymorphism, fossil pollen deposits and trait variation
was conducted in European oaks in order to infer historical imprints on the extant distribution of genetic diversity.

A strong east-west pattern was apparent in cpDNA diversity. Two maternal lineages have only a western distribution
whereas two others are restricted to eastern regions and the last two are distributed in the central part of Europe. Pollen
sequences were used to reconstruct the location of refugia of the deciduous oak species, and the migration from these
refugia into their current ranges. Three areas have been identified as refugia: the southern Iberian peninsula, the
southern Italian peninsula and the southern Balkan peninsula. By approximately 6 ka BP, the deciduous oaks had
reached their maximum extension in Europe. The distribution of haplotypes and the palynological information
available were used to infer colonization routes out of the ice-age refugia. There was no association between
chloroplast DNA variation and nuclear controlled traits (phenotypic traits and gene markers). These results suggest that
local selection pressures acting on the installed populations and pollen flow erased progressively the initial
differentiation that existed among the three refugial zones after the last glaciation.

Eucalyptus globulus: A model species for eucalypt genetic research. Potts, B., McKinnon, G., Steane, D., Jones, T.,
McGowen, M., Foster, S., Dutkowski, G., Vaillancourt, R. (School of Plant Science and CRC for Sustainable
Production Forestry, Australia; b.m.potts @utas.edu.au).

Eucalyptus globulus was discovered in 1792 by French explorers on the island of Tasmania, Australia. It was rapidly
spread throughout the world in the 19" century and it was the species by which much of the world first knew the
genus. Eucalyptus globulus is now amongst the most widely planted forest tree species in the world due to its fast
growth and superior pulp qualities. Formal breeding commenced in 1965 in Portugal and in the late 1980s large base
population trials from native stand seed collections were established in many countries. These trials have provided
unprecedented insights into the quantitative genetic control of numerous traits and how these traits genetically vary
across the native range of the species. In addition, with the rapidly expanding knowledge of DNA sequence variation,
we are now at the threshold of a new understanding of the genetic architecture of this important eucalypt gene pool.

Growth control of woody plants through genetic engineering. Shinohara, K. (Forestry and Forest Products Research
Institute, Japan; kenjis@ffpri.affrc.go.jp).

Poplar, whose genome is the first to be sequenced among woody plants, is a favorable model for plant biologists. We
generated a full-length enriched cDNA library of poplar (Populus nigra var. italica) and consequently collected over
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10,000 non-redundant clones. Full-length cDNA resources are also extremely useful, not only for the genetic engineering
of woody plants, but for comprehensive annotations of the poplar genome. We are interested in the growth control of
woody plants by genetic engineering with the above cDNA resources. It is possible to genetically engineer trees that grow
faster and produce more biomass than the wild type, simply by the down-regulation or the constitutive expression of
genes for the biosynthesis of ethylene or gibberellin. We also isolated one cDNA clone encoding the poplar terminal
flower 1 (PnTFL1) ortholog that acts as a repressor of flowering in vegetative tissues. An early flowering variety of
transgenic poplar was generated by the down-regulation of the Pn'TFL1 gene. However, the growth of transgenic poplar
was drastically inhibited. Therefore, the suppression of flowering will lead to the enhanced productivity.

Threats to forest genetic resources and approaches for gene conservation
Organizer: Judy Loo Natural Resources Canada, Canada; jloo @nrcan.gc.ca

A multiple-species participatory domestication program in the Peruvian Amazon: experiences and results to
date. Cornelius, J.P. (World Agroforestry Centre, Peru; J.Cornelius@cgiar.org), Sotelo-Montes, C. (Université Laval,
Canada; alcira-del-carmen.sotelo-montes. 1 @ulaval.ca), Ugarte-Guerra, L.J. (World Agroforestry Centre, Peru;
JUgarte@cgiar.org), Weber, J.C. (formerly with World Agroforestry Centre), Ricse, A. (Institucion Nacional de
Investigacion Agraria, Peru).

In 1995, the World Agroforestry Centre and partners initiated a participatory agroforestry domestication program in the
Aguaytia watershed and Alto Amazonas province (Peruvian Amazon). The program, aimed primarily at conservation-
through-use of genetic diversity, began with formal, participatory prioritization, leading to selection of four species: bolaina
blanca (Guazuma crinita Martius: Sterculiaceae), capirona (Calycophyllum spruceanum [Bentham] Hooker f. Ex Schu-
mann), guaba (Inga edulis C. Martius: Luguminosae [Mimosoideae]), and peach palm (Bactris gasipaes Kunth: Palmae).
Open-pollinated seed of each was collected from farmer-selected mother trees, and used in the establishment of a series of
seedling seed orchards / progeny tests, the individual blocks of which were dispersed on lands of individual collaborating
farmers. Almost ten years later these trials are beginning to produce seed, the Aguaytian farmers have organized themselves
into a wood and seed producers’ cooperative, the technology developed is being adopted more widely, and genetic results are
becoming available. We describe the program and its results in detail, with special emphasis on its innovative features.
Subsequently, we evaluate success to date in relation both to initial objectives and the program’s response to the evolving
local forestry and development environment. We conclude with a series of recommendations based on lessons learnt.

Do near-to-nature forests provide conservation of genetic resources against pests? Glen, M., Tommerup, 1.,
Mohammed, C. (CSIRO Forestry and Forest Products, Australia; Morag.Glen@csiro.au; Inez. Tommerup @ csiro.au;
Caroline. Mohammed @ csiro.au).

Climate change, particularly temperature and rainfall distribution, will potentially have a direct impact on
aggressiveness of severe pathogens and host capacity to respond and therefore current resistance may not be durable.
Conservation of natural eucalypt populations is of high value to breeding programs in forest industries. Genetic
variation in disease resistance/susceptibility and other desirable traits is greater in natural populations, even in
provenances, compared to seed orchards. In addition to land-base protection, natural populations require protection
from introduced diseases, against which little inherent resistance may exist. World-wide movement of germplasm
increases the risk of spreading pathogens from plantations or related plants in natural vegetation in other continents or
regions. For example, guava rust, a devastating disease of major plantation eucalypt species, could have dire economic
consequences if introduced from Central-South America to other eucalypt-growing countries. But introduction to
Australia would have greater impact, as it would put at risk much of the world’s key genetic resources. Critically high
industry standards need to be practiced to protect forest resources from new pest threats. New molecular detection
methods for pine and eucalypt pathogens of concern can facilitate the safe germplasm movement while reducing the
risk of an unwanted incursion in genetic resource-bases.

Threatened forest genetic resources and strategies for conservation in Bangladesh. Hossain, M.K. (Chittagong
University, Bangladesh; hossainmk2001 @yahoo.com).

The natural forests of Bangladesh, one of the richest and biologically diverse forest resources are facing severe threats
recently. An estimated 5700 species of angiosperms and more than 1500 species of fauna are believed to have been
present. But, the natural forests of the country are declining at an alarming rate. Forest genetic resources are
disappearing due to clearing land for agriculture, shifting cultivation, construction of roads, habitation, logging for
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timber, fuelwood collection, encroachment, and conversion of forest lands for other uses. The physical, demographic,
and economic pressures are also altering the natural environment rapidly. In this way many plant and animal species,
widely distributed in the past, have either become extinct or can only be found in low densities in localized areas. The
issues of conservation and protection of biological diversity have had a low priority in the past. However, very recently,
conservation efforts through in situ and ex situ programs are gaining priority in both public and private levels.
Conservation and utilization of forest genetic resources are given emphasis with an aim of improving forest products as
well as collection and supply of improved materials from the genetic resources. The paper describes some of the recent
strategies for the conservation of genetic resources of the country.

Conservation strategies for rare dipterocarps: autecology and genetics of Shorea lumutensis in Peninsular
Malaysia. Lee, S.-L., Ng, K.K.-S., Saw, L.-G., Lee, C.-T., Muhammad, N. (Forest Research Institute Malaysia; Malaysia;
leesl@frim.gov.my; kevin@frim.gov.my; sawlg @frim.gov.my; leechait@frim.gov.my; norwati@frim.gov.my), Koskela, J.,
Luoma-aho, T. (International Plant Genetic Resources Institute; j.koskela@cgiar.org; t.luoma-aho@cgiar.org).

Shorea lumutensis is a rare and endemic dipterocarp in Peninsular Malaysia, restricted to five forest reserves. An 8-ha plot
in Sungai Pinang FR recorded 416 individuals > 1 cm diameter at breast height; demographic structure analysis showed
that tree sizes displayed an inverse J-shape distribution. The species exhibits clear microhabitat preferences: prominent in
ridge and upper slope, and absent in lower slope and valley. Spatial distribution pattern analysis showed spatial
aggregation in four diameter-classes—explained by limited seed dispersal and self-thinning. Periodic phenological
surveillance showed that the duration of flowering bloom is approximately two weeks and the period from the budding
stage to mature fruit fall was approximately 16 weeks. Seed germination and seedling performance is poor in nursery and
in natural habitat. Genetic diversity study showed that S. lumutensis supports a large amount of genetic diversity, of which
majority is partitioned within population. However, significant levels of spatial genetic structure were detected within
population in four diameter-classes. Mating system study inferred the species to follow the mixed-mating model. Paternity
analysis showed that the pollen flow is moderately extensive, ranging from 122.0-220.3 m. This study is the first attempt
applying both ecological and genetic information in the formulation of conservation strategy for a rare dipterocarp.

Habitat loss and threats to Afromontane rainforests of Ethiopia: Implications on genetic diversity of wild Coffea
arabica L. populations. Senbeta, F., Denich, M. (University of Bonn, Germany; feyeras@yahoo.com), Demissew, S.
(Addis Ababa University, Ethiopia), Woldemariam, T. (University of Bonn, Germany).

A study was carried out to assess the magnitude of human pressures on Afromontane rainforests of Ethiopia, which
harbour over 650 taxa (10 % of total flora of the country) including the wild populations of Coffea arabica, one of the
world’s most important plant species. Biodiversity in these rainforests is, however, under increasing threat from
deforestation owing to subsistence-driven encroachment and/or development projects. The present study indicated that
when habitats of these rainforests are converted into semi-managed, forest coffee systems or farmlands, 50% and 100%
loss of vascular plant species were observed, respectively. The diversity and gene pools of wild coffee populations
were also threatened by the introduction of improved coffee cultivators and habitat loss. Predictions of species- and
habitat loss in the Afromontane rainforests of Ethiopia indicate that the potential impacts of forest conversion may be
substantial and extend well beyond the forested regions. Conservation of these rainforests and their wild coffee
populations can actually be a complementary strategy for economic growth or development. Therefore, conserving
and/or maintaining the great genetic diversity and variability of wild coffee found in the Afromontane rainforests with
associated ecosystems must become a strategy of the highest priority.

Effects of forest management on forest genetic resources in tropical Asia. Wickneswari, R. (Universiti Kebangsaan
Malaysia, Malaysia; wicki@pkrisc.cc.ukm.my).

This study investigated the genetic effects of selective logging on seven commercial tree species in Peninsular Malaysia.
Seven populations of Shorea leprosula and five populations of Dryobalanops aromatica showed high genetic diversities
and low genetic differentiation, indicating the presence of large forested areas with good gene flow. Logging reduced
basal area of different size classes from 43—-100% in Shorea curtisii, Dryobalanops aromatica, and Scaphium
macropodum, with trees >45 cm dbh being absent. In recently logged areas, recruitment of seedlings and presence of
saplings was high for the non-dipterocarp species, S. macropodum but low for the dipterocarp species, D. aromatica and
S. curtisii. Changes in population structure of some tree species can persist in regenerated forests for 50 years. High
heterogeneity in genetic diversity parameters was observed for seedlings and adults of S. curtisii from logged sites
compared to saplings in unlogged forests. Comparison of genetic structure of S. curtisii of different age cohorts before
and after logging indicated loss of heterogeneity after logging. No significant change in genetic diversity was observed for
adults of S. macropodum and saplings of D. aromatica and S. curtisii immediately after logging. Species’ vulnerability to
the threat of genetic erosion posed by logging was highly correlated with its early growth requirements and abundance.
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Forest biotechnology
Organizer: Yousry A. El-Kassaby The University of British Columbia, Canada, y.el-kassaby @ubc.ca

Genetic components of four wood chemical traits assessed by NIRS in Eucalyptus urophylla x E. grandis full sib
families. Bailléres, H., Vigneron, P., Giordanengo, T. (CIRAD-Forét, France; henri.bailleres @ cirad.fr), Ognouabi, N.
(UR2PI, Republic of Congo), Gion, J.M., Chaix, G. (CIRAD-Forét, France).

Wood chemistry properties are assessed by near infrared diffuse reflectance spectroscopy (NIRS), a rapid prediction
measurements technique, on Eucalyptus urophylla x Eucalyptus hybrids in order to analyse a Congolese progeny test.
Calibrations are set for lignin content, syringyl / guaiacyl monolignol ratio, extracts contents and total phenols content.
A second aim of this work is to test NIRS efficiency to predict total phenols content, which is correlated with
heartwood formation and natural durability. Different spectrum pre-processing and a wavelength selection by genetic
algorithm are used to improve calibration quality. The best calibrations have sufficient predictability to assess wood
chemistry traits. Moreover, total phenol content calibration is the most efficient. The four properties are predicted for
the samples of the half progeny test. A genetic analysis gives the heritability values, the phenotypic, genetic and
environmental correlations and the genetic gain from direct and indirect selection.

Forest tree biotechnology: Applications. El-Kassaby, Y.A., Wheeler, N. (University of British Columbia, Canada, and
Molecular Tree Breeding Services, USA; y.el-kassaby@ubc.ca).

Forest biotechnology encompasses a broad spectrum of modern tools that aid and facilitate our understanding of tree
biology and genetics. Common biotechnology categories include micropropagation, molecular markers, marker assisted
selection, genomics and genetic engineering. Increasingly, biotechnologies are finding applications in operational forestry
and are dominating forestry research and development in areas such as genetics and tree improvement.

Regional and habitat differences in homoharringtonine content of Korean native Plumyew (Cephalotaxus
koreana). Jung, M.-S., Hyun, J.O. (Seoul National University, Republic of Korea; jmsk0614 @ hotmail.com,
Jjunghyun@snu.ac.kr), Lee, J.H., Lee, W.Y.

The relationship between natural population properties and homoharringtonine (HHT) content of Korean native
plumyew (Cephalotaxus koreana) had been carried out over seven regions of South Korea. This study also analyzed
homoharringtonine (HHT) contents of individual tree parts in three populations which exhibited high growth rate and
good condition. The contents of homoharringtonine known as a good effect on Chronic Myeloid Leukemia were
determined by high performance liquid chromatography (methanol: 0.1 M ammonium formate = 20:80, flow rate = 0.8
ml/min). The contents of homoharringtonine (HHT) varied with the site of location and the part of plant. The contents
of homoharringtonine (HHT) was the highest in needles(46.6%, 668.7ug/g), and followed roots(24.8%, 356.3ug/g),
barks(15.4%, 220.8ug/g) and stems(13.3%, 190.7ug/g) in a row. Homoharringtonine contents in needles in the South
area (Mt. Obong, Mt. Duryun and Mt. Baekun) were higher than in the middle area ( Mt. Gyeryong, Mt. South Dukyu
and Mt. Jiri). A correlation analysis between tree biomass and homoharringtonine content showed a positive
relationship of these parameters. Variation between annual temperature in the amount of homoharringtonine was
significant in different populations of Korean native plumyew leaves. The variation between soil moisture and the
production of homoharringtonine was more significant.

Somatic embryogenesis by developmental stages of seeds in Japanese red pine (Pinus densiflora Sieb. ET Zucc.).
Kim, Y.W., Jeong, J.H., Shin, H.N., Moon, H.K. (Korea Forest Research Institute, Republic of Korea;
dragonkim@foa.go.kr; biojeong @empal.com; hkmoon@foa.go.kr).

Zygotic embryos of Pinus densiflora at different developmental stages were tested for their potential in the initiation of
embryogenic tissue lines, using immature seeds (female megagametophyte including zygotic embryo) collected during the
period of May 31 to July 23. From over 5700 seeds cultured, only 10 embryogenic tissue lines (0.17%) were obtained.
However, only six (0.10%) survived on maintenance medium. Among several different media tested, only the P6 medium
produced embryogenic tissue lines. The highest tissue initiation (0.36%) was observed with the seeds collected on July 5.
Histological observation revealed that those seeds were at the transition from proembryo to precotyledonary stages with
the majority showing the former stage. Out of 10 embryogenic tissue lines initiated, seven were produced from the seeds
collected in July 5. The dates correspond to late cleavage polyembryony and early proembryo stages, respectively.
However, the seeds collected during the period of May 31 to June 7 did not produce any embryogenic tissue lines. Those
seeds did not have zygotic embryos yet but showed archegonia. No embryogenic tissue lines were obtained with the seeds
collected on June 14 or July 13 either. The seeds collected on June 14 showed a zygotic embryo.
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A molecular technique to analyze genetic variability of Norway Spruce populations. La Porta, N., Muccinelli, L.,
Passerotti, S., Valgimigli, M.C. (IASMA, Italy; nicola.laporta@iasma.it; ivan.muccinelli@libero.it;
passer8@yahoo.com; chiara.valgimigli@iasma.it).

Monitoring biodiversity and the conservation of genetic resources is an important goal in forest practices. Variation of
quantitative phenotypical traits is a prerequisite in establishing future heterogeneity, while distribution of genetic
variability between and within populations is investigated to a lesser degree. In this context, it is important to acquire
reliable, polymorphic and informative primer sets that are useful to evaluate genetic variability of the populations and to
identify the geographical source of propagative material. The material for the study was obtained from commercial
samples of Norway Spruce (Picea abies Karst.) collected by Seed Agencies and International Forest Services. The
samples, covering the entire natural area of this species, came from each one of the three macro-areas which forms the
entire European natural area: Alpine, Carpatic, Baltic. The samples were characterized with three VNTRs mitochondrial
primer sets. Two of these primers, namely nad-1a/b and mh44, gave reliable and polymorpic patterns of amplification.
These patterns could then be used to evaluate the degree of variability within and between the considered populations.
Moreover, they have proved useful in order to characterize the populations on the basis of the macro-area.

Clonal and population structure in a Hydrangea macrophylla population inferred from amplified fragment
length polymorphism (AFLP) markers. Lee, J.H., Hyun, J.O. (Seoul National University, Republic of Korea,
rattus73 @ hotmail.com; junghyun@snu.ac.kr), Choi, H.S., Jung, M.-S. (Seoul National University, Republic of Korea;
Jjmsk0614 @ hotmail.com).

Amplified fragment length polymorphism(AFLP) markers were used to reveal clonal and population structure of
Hydrangea macrophylla populations. Using a dense population of hydrangea in a 30m x 30m study plot at Jeju island,
Korea, we generated AFLP fingerprints for 380 samples, collected at 1m intervals, using three selective primer pairs. Our
results demonstrate that the largest single clone occurs over a distance of about 16m and hydrangea propagates sexually and
asexually in a small patch. We also undertook a large-scale assessment of genetic population structure and diversity in
Hydrangea macrophylla, using the same primer pairs. A total of 15 populations were sampled from Korea(10 populations)
and Japan(5 populations). Populations in the Korean peninsula show low levels of genetic variation in terms of average
number of alleles and degree of heterozygosity. Differentiation was positively correlated with geographical distance.

Preliminary tests for the in vitro induction of morphogenesis with Acacia caven (Mol.) Mol. Marinucci, L.,
Abedini, W., Pariani, S., Villarreal, B., Bisio, C., Sharry, S. (National University of La Plata, Argentina;
ceprove @ceres.agro.unlp.edu.ar).

Acacia caven Mol. (Fabaceae) is a native tree of South America. Its propagation and conservation are of interest
with because of its wood quality, its capacity for fixing nitrogen in the soil, and its ornamental and medicinal
characteristics. The aim of this study was induction of in vitro morphogenesis of Acacia caven, starting with
cotyledons. Immature cotyledons were cultivated in a medium of Murashige-Skoog (MS) at half strength and
complemented with saccharose and agar. Four treatments were carried out with 25 repetitions each, in light and in
darkness, adding casein (1g/1), ammonium nitrate (3.3g/1), 2,4-D (0.1ppm and 1ppm) or BAP (0.1ppm). In all
treatments, a formation of callus of variable size and appearance was observed. Light, casein, and ammonium nitrate
concentration influenced the number of cotyledons that formed callus. Portions of callus were sub-cultivated in

a medium MS/2 with different concentrations and types of PGR in order to induce somatic embryogenesis. Fourteen
treatments, each with 15 repetitions, were carried out. Somatic embryos were obtained in a medium MS/2 with AG3
(0.2ppm), and shoots in a medium MS/2 with BAP (0.1ppm).

Controlling endogeneous bacterial contamination of in vitro cultures of Populus deltoides cv. Catfish clones.
Marinucci, L., Abedini, W.I., Villarreal, B., Bisio, C., Pariani, S., Sharry, S. (National University of La Plata,
Argentina; ceprove @ceres.agro.unlp.edu.ar).

Controlling in vitro fungal and bacterial contamination of woody species is extremely difficult. Endogeneous bacteria
cause the death of the explants due to competition, colonization of their tissues, or release of toxic metabolites to the
medium. This study aimed at eliminating endogenous bacterial contamination of explants (leaves and nodal sections) of
Populus deltoides (cv. catfish 2 and cv. catfish 5) with the help of antibiotic agents. Three treatments of the antibiotic,
norfloxacin, were tested at 0, 200, and 400mg/1. It was applied to the culture medium, after which the plant material was
either rinsed with antibiotic solutions for 30 minutes, or immersed in antibiotic solution for 48 hours. The results showed
that a concentration of 400mg/1 of the antibiotic agent was the most effective; the explants survived (80% of the leaves
and 100% of the nodal sections) and looked normal and healthy. At the remaining two concentrations, the material died
within 30 days due to either the phytotoxic effect of the antibiotic agent or oxidation. Purity of the donor material of the
explants will determine the optimization of tissue culture of this species.
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Isolation of phosphate transporters from Hoop Pine (Araucaria cunninghamii) trees. Medraj, 1. (Griffith
University, Australia; i.medraj@ griffith.edu.au), Smith, F. (CSIRO Australia; Frank.Smith@ csiro.au), Hughes, J., Xu,
Z.H. (Griffith University; Jane.Hughes @ griffith.edu.au; zhihong.xu@ griffith.edu.au).

The application of molecular techniques in recent years has improved our understanding of phosphate transport in
plants. Genes encoding phosphate transporters have been isolated from a number of plant species. Both high-affinity
and low-affinity types have been identified. It has been reported that transgenic Arabidopsis with promoter drives
symbiotic species to produce an alternative source of P for Arabidopsis when grown in low P medium. In this study,
different combinations of four degenerated primers designed from high homology regions of 18 phosphate transporters
representing different plant genera were used to amplify fragments of hoop pine genomic DNA extracted from old
leaves, young leaves, and from roots using PCR. Six sequences with homology to known plant phosphate transporters
have been identified. So far, one distinct cDNA (AcPhT1) encoding a phosphate transporter has been isolated from
hoop pine roots indicating the expression of this gene in roots and its involvement in P uptake. The effects of
phosphate and nitrogen on the level of gene (AcPhtl) expression were studied using real time PCR.

A biotechnological approach to developing mahogany trees resistant to mahogany shoot borer, Hypsipyla spp.
Opuni-Frimpong, E., Karnosky, D.F., Thakur, R., Storer, A. (Michigan Technological University, USA;
eopunifr@mtu.edu), Cobbinah, J.R. (Forestry Research Institute of Ghana, Ghana).

Continuous supply and conservation of African mahogany is threatened by overexploitation of natural forests and
infestation of plantations by the mahogany pest, Hypsipyla. A sustainable supply of mahogany is vital to the timber
industry and the economic development in most tropical countries in Africa, Asia and Central America. To date,
suitable control methods for the Meliaceae shoot borer have not been found. The objective of this study was to develop
techniques for micropropagation of African mahogany, Khaya species. In vitro propagation could be used for large
scale clonal propagation and conservation of selected clones of resistance genotypes. Explants (shoot tips) were
collected from one-year-old greenhouse-grown Khaya anthotheca and K. ivorensis. Sterilized mahogany tissues were
cultured on woody plant media supplemented with growth regulators. Auxins such as NAA and IBA were used to
encourage rooting and cytokinins such as benzol-aldenine (BA) and zeatin were used for shoot multiplication and
elongation. Rooting of 50 to 70% for K. ivorensis and 40-60% for K. anthotheca were recorded for 1ml of NAA per
liter. 100% percent survival was recorded for rooted plantlets. Successful micropropagation of Khaya could provide
a platform for genetic engineering to transfer lepidopteran resistance genes into mahogany to control Hypsipyla.

In vitro propagation of recalcitrant tropical forest trees through organogenesis and somatic embryogenesis. Roy,
S.K., Debnath, R.K. (Jahangirnagar University, Bangladesh; shkmroy@yahoo.com).

For mass propagation by in vitro organogenesis and somatic embryogenesis, we have established protocols for some
tropical trees. The techniques consisted of four major steps: 1) establishment of in vitro cultures from rejuvenated tissues,
2) induction of multiple shoots from individual explants, 3) rooting, and 4) acclimatization. For culture establishment,
multiplication, and rooting, Murashige and Skoog’s (MS) nutrient medium was used. Explants of different species showed
different responses when cultured on MS medium supplemented with various concentrations and combinations of
cytokinin, auxins, casein hydrolysate and coconut milk. Depending on species, 65-85% cultures produced shoots. For
multiplication, newly formed shoots were subcultured to fresh medium designed for each plant species and 15-20 shoots
per subculture were obtained. Shoots rooted on root induction medium and regeneration was also obtained through
somatic embryogenesis. For acclimatization, rooted shoots were transplanted onto sterilized soil and compost and misted.
After 3—4 weeks, the plantlets were transplanted in polyethylene bags containing sand, soil and compost. After 8—10
months, they were transplanted in the field where 70-85% plants survived. The technique is feasible for the continuous
supply of planting material for recalcitrant trees as well as for the conservation of forest gene resources.

Molecular cloning and characterization of caffeoyl-coenzyme-A O-methyltransferase cDNA from interspecific
hybrid Acacia mangium x Acacia auriculiformis. Shek, L.P., Chee, Y.C., Wickneswari, R., Zamri, Z. (Universiti
Kebangsaan Malaysia; xiaopoh@yahoo.com; cychoong @ pkrisc.cc.ukm.my,; wicki @pkrisc.cc.ukm.my;
zz@pkrisc.cc.ukm.my).

Caffeoyl-CoA O-methyltransferase (CCoAOMT, EC 2.1.1.104) is involved in lignification in zinnia, tobacco, tomato,
soybean, alfalfa and forsythia. This enzyme methylates both caffeoly-CoA and 5-hydroxyferuloyl-CoA during
monolignol biosynthesis. In this study, the full length cDNA sequence of CCOAOMT from inner bark tissue of
interspecific hybrid Acacia mangium x Acacia auriculiformis was obtained by rapid amplification of cDNA ends
(RACE). The full length cDNA of CCoOAOMT was 1087 bp and contained a 750-bp open reading frame (ORF)
encoding a protein of 249 amino acids. The deduced protein had a calculated molecular weight of about 28.2 kDa and
an isoelectric point of 5.46. The encoded polypeptide exhibits sequence similarity to CCoAOMTs from different
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plants, the highest identities being to CCoAOMTs from Broussonetia papyrifera (89 %) and Medicago sativa (86 %).
A domain, methyltransf_3, which is a member of the O-methyltransferases family, is conserved in the encoded
CCoAOMT amino acids sequence.

Assessing and sustaining bamboo resources of Himachal Pradesh for sustainable development through
techniques of biotechnology. Sood, A., Bhattacharya, A., Sharma, M., Sharma, R.K., Ahuja, P.S. (Institute of
Himalayan Bioresource Technology, India; kukisood@yahoo.co.in).

Bamboos are perhaps the most important forest species of the tropics and sub-tropics and are aptly called the ‘green
gold of forests’, on account of their fast growth, low maintenance following establishment, and wide utility. They are
used for house building, paper manufacture, soil conservation, fodder, and food and provide a livelihood for millions of
rural people in India. Natural stands are decreasing because of exploitation and commercial plantations are uncommon
because of the difficulty of extracting propagules. It was important, therefore, to regenerate and multiply the different
bamboo germplasm through macro- and micropropagation, for which standardized protocols have been developed. For
macropropagation, single node cuttings from primary and secondary cuttings of field-grown plants were used with
more than 85% success. Seed nurseries are also being raised on a regular basis to avoid monoculture. Nodal explants
of field-selected superior seedlings of known physiological age were used in vitro for multiple shoot proliferation.
These micro-shoots could be successfully rooted, hardened and transferred to the field in large numbers. The data on
field performance of tissue culture raised plants versus nodal cuttings was generated over a period of six years and
established superiority of tissue culture-raised plants in the long run.

Genetic transformation of Pinus radiata D. Don to confer resistance to fungal diseases. Trivifio, C., Sabja, A.M.,
Moynihan, M.R., Carmona, J.C. (GenFor S.A. and Fundacion Chile, Chile; asabja@uach.cl).

Radiata pine (Pinus radiata D. Don) is one of the main species in commercial forestry in Chile. A major factor in
phytosanitary protection of radiata pine is the need to prevent damage over the 25 year growth cycle. Plantations are
threatened by several fungal diseases. The development of radiate pine with reduced susceptibility to losses due to
fungal pests can be carried out using conventional breeding. However, given the long generation time and interest in
reducing susceptibility to several different fungal pathogens, genetic engineering of broad fungal resistance may be
a useful strategy. P. radiata embryogenic cultures have been transformed using particle bombardment with
combinations of three vectors that contain genes encoding antifungal proteins and peptides. Plants were regenerated
from six stable transgenic lines from three genotypes. Transformation was confirmed by PCR amplification of the
antifungal protein genes. Plants are being evaluated in laboratory bioassays.

Application of Trichoderma harzianum, Trichoderma viride, and Gliocladium deliquescens in the biocontrol of
Rhizoctonia solani. Yeh, Y.-]., Liu, Y.-Y., Lee, M.-J. (National Chiayi University, Chinese Taipei;
mjlee @mail.ncyu.edu.tw).

Taiwan, with high temperatures and a humid climate, is ideal for producing plant pathogens, and soil-borne diseases are
prevalent. This study was designed to investigate the effect of antagonistic fungi (Trichoderma harzianum, Trichoderma
viride and Gliocladium deliquescens) to Rhizoctonia solani. Three antagonistic fungi and Rhizoctonia solani were
cultured with PDA to study the optimum growth temperature and pH. The result indicated that the optimum temperature
and pH ranged from 20°C-32#C and pH 4-7. Three antagonistic fungi could effectively inhibit Rhizoctonia solani at
24+C. Observation with a scanning electron microscope revealed that three antagonistic fungi interacted with Rhizoctonia
solani. Seedlings of Chamaecyparis obtusa var. formosana were inoculated with the antagonistic fungi, and one week
later the seedlings were inoculated with Rhizoctonia solani to test the effectiveness of biological control. The results
showed that controls inoculated with three antagonistic fungi had survival rates of 100%. However, the survival rates of
seedlings inoculated with T. harzianum, T. viride, G. deliquescens, were 85%, 82.5%, and 92.5%, respectively. The ones
inoculated with Rhizoctonia solani only had a survival rate of 27.5%. The results indicated that 7. harzianum, T. viride,
and G. deliquescens could inhibit Rhizoctonia solani effectively and achieve the goal of biological control.

Micropropagation of Siberian Ginseng (Eleutherococcus senticosus) through in vitro stem nodal culture. You,
X.L., Choi, Y.E., Yi, J.-S. (Kangwon National University, Republic of Korea; jasonyi@kangwon.ac.kr).

Zygotic embryos of Pinus densiflora at different developmental stages were tested for their potential in the initiation of
embryogenic tissue lines, using immature seeds (female megagametophyte including zygotic embryo) collected during the
period of May 31 to July 23. From over 5700 seeds cultured, only 10 embryogenic tissue lines (0.17%) were obtained.
However, only six (0.10%) survived on maintenance medium. Among several different media tested, only the P6 medium
produced embryogenic tissue lines. The highest tissue initiation (0.36%) was observed with the seeds collected on July 5.
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Histological observation revealed that those seeds were at the transition from proembryo to precotyledonary stages with
the majority showing the former stage. Out of 10 embryogenic tissue lines initiated, seven were produced from the seeds
collected in July 5. The dates correspond to late cleavage polyembryony and early proembryo stages, respectively.
However, the seeds collected during the period of May 31 to June 7 did not produce any embryogenic tissue lines. Those
seeds did not have zygotic embryos yet but showed archegonia. No embryogenic tissue lines were obtained with the seeds
collected on June 14 or July 13 either. The seeds collected on June 14 showed a zygotic embryo.

Using genetics and silviculture to manage multiple stress complexes in planted forests

Organizers: Daniel Robison North Carolina State University, USA; dan_robison @ ncsu.edu, Michael
Wingfield University of Pretoria, South Africa; mike.wingfield @fabi.up.ac.za, and Kier Klepzig USDA
Forest Service, USA; kklepzig @fs.fed.us

Detection of relative susceptibility of Sitka spruce clones to infection by Heterobasidion annosum. Bodles, B.J.A.,
Woodward, S. (University of Aberdeen, UK; s.woodward@abdn.ac.uk).

Heterobasidion annosum causes root and butt rot of coniferous and broadleaf trees throughout the north temperate
zone, leading to high economic losses. In the UK, Sitka spruce (Picea sitchensis) is very susceptible to decay and in
severe infestations, death results. A Sitka spruce breeding program undertaken in the UK has released various clones
for field planting, giving an opportunity to examine the trees for relative resistance to H. annosum infection and the
inheritance of resistance. Forty, 2-year old clones of P. sitchensis, from 3 half-sib families were inoculated with an
aggressive isolate of H. annosum through wounds at the stem base. The length of the lesion developing on the inner
bark from the point of inoculation was measured 35 days after inoculation. There was no significant effect of
relatedness within the half-sib family on lesion length in response to inoculation or pseudo-inoculation. From the 40
clones initially investigated, two clones with significantly shorter lesions and two with significantly longer lesions than
the mean were selected for further work to determine underlying mechanisms of resistance. The results strongly
indicate that there are differences in susceptibility of different Sitka spruce genotypes to infection by H. annosum.

Conservation genetics of Milicia species in humid West Africa. Cobbinah, J.R., Ofori, D.A. (Forestry Research
Institute of Ghana, Ghana; jcobbinah@forig.org, dofori@forig.org).

Milicia spp. (M. excelsa and M. regia, the Irokos) of the Moraceae family are highly rated among the indigenous rainforest
African timber species. The high economic importance of the species warrants their establishment in commercial forest
plantations. However plantations of this species have been constrained by the attack of a psyllid (Phytolyma lata).
Phytolyma attack leads to gall formation on the soft and succulent tissues which eventually decay and result in dieback of
the shoots, growth reduction or death of seedlings. This poster reports on the efforts and achievements made towards
conservation and sustained production of the species. Analysis of genetic diversity using both morphological and molecular
traits showed large genetic differences among populations and individuals within same population. Individuals with genetic
resistance to the pest were identified and reproduced, using vegetative propagation. Both macro-propagation and micro-
propagation methods were successful in mass production of the species. Heritability of 0.83 for height growth suggests that
phenotypic resistance was genetically controlled. Selection for genetic resistance coupled with large genetic diversity
among selected resistant lines could enhance the success of plantation development of this species.

The role of genetics in minimizing the risk of crop loss and maximizing plantation productivity. Dvorak, W.S.
(North Carolina State University, USA; dvorak@unity.ncsu.edu).

Tree breeding programs are an integral part of successful plantation development. Many metric traits like volume
production and stem form are under control of alleles that act additively and genetic gains of 15% to 20% have often been
realized through tree selection and progeny testing in each of the first several cycles of forest tree breeding. An important
component in all tree improvement programs is understanding the magnitude of provenance variation in a species with
respect to adaptability (survival) and growth. Because more marginal sites are being used for plantation forestry, genetic
bases need to include selections from at least six to eight populations across a species natural range to ensure broad
adaptability. Selection for trees with more cold hardiness, more drought tolerance or better disease resistance has resulted
in new races of plantation forests that can withstand great environmental stresses. Deployment of well-tested families or
clones can minimize crop losses and maximize plantation productivity if correct species/site matching has been done.
Artificial inter-specific hybridization in forest trees has produced new genetic packages that are better adapted to survive
extreme conditions. Examples of advances in tree breeding are given as a means of producing more healthy plantations.
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The effects of soil and fertilizer treatments on the growth of selected timber species grown on a former tin mine
in Bidor, Malaysia. Ho, WM., Lee, D.K. (Seoul National University, Republic of Korea, waimun_ho @ hotmail.com;
leedk@plaza.snu.ac.kr), Krishnapillay, B., Ang, L.H. (Forest Research Institute Malaysia; baskaran@frim.gov.my;
anglh@frim.gov.my).

Former tin mines in Malaysia are characterized by sand and slime tailings interspersed with mining pools. Natural
regeneration on such areas can be hindered by various factors associated with unfavorable soil properties and harsh
microclimate. This study was initiated by the mutual interest of Korea and Malaysia through the ASEAN-Korea
Environmental Co-operation Project as part of its efforts to rehabilitate degraded forest ecosystems. Rehabilitation of these
unproductive areas requires development of cost-effective techniques and that is the objective of this paper. Three common
plantation species, Acacia hybrid (Acacia auriculiformis x Acacia mangium), Mahogany (Swietenia macrophylla) and
Khaya (Khaya ivorensis), were chosen and grown in an experimental plot established on sand tailings. The experiment was
conducted using a factorial design with 3 species, two levels of soil enrichment, and three levels of fertilizer. Two years
after planting, the results show that Acacia hybrid performed best, in survival and growth. Addition of garden soil resulted
in significant (P < 0.05) increase of height and total leaf area, irrespective of species. Meanwhile, application of chicken
manure and empty fruit bunch has proven beneficial for better growth of timber species on such infertile soil.

The effect of mixed species stands on Hypsipyla attack on mahogany trees in the moist semi-deciduous forest of
Ghana. Opuni-Frimpong, E. (Michigan Technological University, USA, and Forestry Research Institute of Ghana,
Ghana; eopunifr@mtu.edu), Karnosky, D.F., Storer, A. (Michigan Technological University, USA; karnosky @mtu.edu),
Cobbinah, J.R. (Forestry Research Institute of Ghana, Ghana; jcobbinah@forig.org).

Infestation of Hypsipyla shoot borer on mahogany trees leads to death of the young terminal shoots, growth retardation,
and formation of numerous secondary shoots. This condition encourages the production of poorly formed trees, unsuitable
for timber. Although attacks do not normally cause death, repeated attacks can kill the tree. Young trees are particularly
affected by the shoot borer because of destruction of the apical meristem. Attacks up to the pole stage are most critical
from a silvicultural point of view. Interplanting mahogany trees with other trees or shrubs is considered a management
tool for minimizing the effect of Hypsipyla infestation in mahogany plantations. Hypsipyla, like most oligophagous
insects, primarily locate their host trees by olfaction. It is therefore believe that in mixed stands, chemical signals given off
by non-Meliaceae species in or around a stand may act as repellents thus preventing the pest from locating the mahogany
tree. A study involving two varieties of mahogany and four interplanted shrub species was established to examine the
effect of interplanting on the impact of Hypsypila. The results showed that K. ivorensis was more resistant to Hypsipyla
attack than K. anthotheca. An interplanting rate of 50% offered the best resistance to attack.

The role of silviculture in reducing the risk of crop loss and increasing plantation productivity. Pallett, R.N.
(Sappi Forests Research, South Africa; rob.pallett@ sappi.com).

Increasing yield per unit area in plantation forests is significant to meeting increased demand for roundwood and
maintaining or lowering the unit costs of production. In addition, production levels must be sustained over successive
crop rotations within the context of the triple bottom line, concerned with economic value, social acceptability and
environmental responsibility. In Southern Africa, multiple stress complexes can significantly reduce plantation productivity,
either before canopy closure or during stand development. In plantations grown for pulpwood, inherent site productivity
and stand tree density significantly influence final yield. Abiotic factors such as frost, inter-specific competition for
moisture, light and nutrients and biotic factors such as small mammal and insect damage or disease prevalence, influence
post planting survival and hence stand productivity. In older stands, physical damage to trees due to hail, snow or insect
attack, or intra-specific competition for resources, particularly moisture in times of drought, can result in disease
development and mortality. Examples of management regimes that integrate species (or genotype) selection and
silvicultural practices to avoid stress complexes and minimize crop losses are presented for both pines and eucalypts.

Botryosphaeria spp. that co-infect native Syzygium and introduced Fucalyptus trees in South Africa: implications
for disease management. Pavlic, D., Slippers, B. (Swedish University of Agricultural Science, Sweden; draginja.pavlic@
fabi.up.ac.za), Coutinho, T.A., Wingfield, M.J. (University of Pretoria, South Africa; mike.wingfield@fabi.up.ac.za).

Botryosphaeria spp. are common opportunistic and latent pathogens on introduced Eucalyptus spp. (Myrtaceae) in South
Africa. These fungi have also recently been reported from native South African trees closely related to Eucalyptus, such as
Syzygium cordatum (Myrtaceae). In this study the Botryosphaeria communities on Eucalyptus and S. cordatum in South
Africa are compared, to assess the potential cross influence of introduced and native fungi on the respective host groups.
Isolates were collected from stem cankers, dying twigs, as well as asymptomatic twigs and leaves. Identifications were
based on anamorph morphology after isolates were induced to sporulate in culture. In this study eight Botryosphaeria spp.
were identified from Syzygium; three species commonly occurred on Eucalyptus, namely B. parva, B. eucalyptorum and B.
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eucalypticola. Botryosphaeria rhodina is also known to infect Eucalyptus, but was not isolated from this tree in South
Africa during the current study. Some of the potentially cross infecting species, such as B. ribis and B. rhodina, were
amongst the most pathogenic on both hosts. It is clearly important for control programs to consider the potential impact of
pathogens, such as Botryosphaeria, that can cross-infect native and introduced tree species.

Blight resistance influences herbivore pressure: Interactions among stressors in the Chestnut system. Rieske-
Kinney, L. (University of Kentucky, USA).

Chestnut, Castanea spp., hybrids are a novel system in which to study the interaction of plant genotype, fungal
pathogen resistance, and herbivore susceptibility in woody plants. These hybrids are well characterized with regard to
resistance to the chestnut blight fungus, Cryphonectria parasitica, and variability is present. Blight-resistance is not
straightforward, however, and can be adversely affected by biotic and abiotic agents. Additionally, resistance to one
stressing agent may affect susceptibility to a second stressor, suggesting that blight-resistance could alter susceptibility
of herbivory. A series of experiments were conducted utilizing groups of resistance-rated backcross chestnut and F1
hybrids, as well as blight susceptible American, C. dentate, and blight resistant Chinese, C. mollissima, chestnuts.
Foliage was sampled for use in feeding bioassays utilizing polyphagous herbivores, including gypsy moth larvae, adult
Japanese beetles, and fall webworm larvae. Foliar analyses were performed concurrently and included carbohydrate,
tannin, and nitrogen content, and leaf toughness and density. Herbivore preference and foliar characteristics varied
among the chestnuts tested, and there was temporal variation in the foliar characteristics. No clear pattern emerges with
respect to the relationship between plant genotype, chestnut blight resistance, and susceptibility to generalist
herbivores, and more research is needed to separate these effects.

Development of early-rapid screening techniques for trees for selection for resilience to biotic and abiotic stress.
Robison, D.J. (North Carolina State University, USA; dan_robison @ncsu.edu).

The success of trees in planted forests is a consequence of the quality of the environment, silviculture, and multiple
stress agents acting on them throughout the years of their growth. Thus techniques commonly used to screen tree
genetic entities for resilience to stress and response to silvicultural techniques generally take many years to
accomplish. This timeframe, often half of the anticipated rotation length, slows progeny and clonal testing, and can be
cumbersome when great numbers of families or especially clones require evaluation. Further, field tests that are not
subjected to particular stress events during their development will not reveal the coping capacity of the genetic entities
being tested. Opportunities to use intensive greenhouse and small field plot testing to screen large numbers of genetic
entities rapidly, could help to alleviate some of these constraints. The artificial application of abiotic and biotic stress to
such tests, evaluation of the correlations in tree response to multiple stresses, and use of multivariate techniques may
provide for efficient early-rapid screening.

Distribution and importance of Botryosphaeria spp. on native and introduced Eucalyptus trees in Australia,
Africa and South America. Slippers, B. (Swedish University of Agricultural Science, Sweden;

bernard.slippers @fabi.up.ac.za), Ahumada, R., Gzaghne, A., Mohali, S., Nkabonga, G., Rodas, C., Roux, J., Coutinho,
T.A., Wingfield, B.D., Wingfield, M.J. (University of Pretoria, South Africa; mike.wingfield@fabi.up.ac.za).

Eucalyptus represents a very large genus of trees, mainly native to Australia but various Eucalyptus spp. have been used to
establish large plantation programs in Africa and South America. Botryosphaeria spp. are canker and die-back pathogens
that affect the growth potential of Eucalyptus and they can also exist in healthy trees as latent pathogens. Taxonomic
problems, however, have made it difficult to evaluate the role of different of Botryosphaeria spp. on Eucalyptus forestry
and natural ecosystems. Here, we assess the distribution and impact of Botryosphaeria spp. on Eucalyptus from Australia,
and various countries in Africa and South America, based on 300 isolates. Results of this study emphasize the general
importance of Botryosphaeria on Eucalyptus, the need for effective identification and screening in different regions, the
potential influence of native fungi on introduced hosts and the need for quarantine regulations to consider latent pathogens.

Genetic variation in resistance traits of loblolly pine and its potential use for mitigating damage caused by
Dendroctonus frontalis. Strom, B., Roberds, J. (USDA Forest Service, USA; brianstrom@fs.fed.us; jroberds@fs.fed.us).

The ability of a population of trees to resist attack by pests is affected by the level of genetic variation in its resistance
traits. Trees in the genus Pinus respond to bole invasion by exuding oleoresin, which acts quantitatively to resist
attacks by bark beetles. In the southern United States, loblolly pine, Pinus taeda L., is the most prevalent species in
planted forests and is a preferred host of Dendroctonus frontalis Zimmermann. Resistance in P. taeda to D. frontalis is
thought to be primarily the result of high oleoresin flow. It is therefore likely that the genetic structure of this trait in P,
taeda populations influences the pattern of mortality caused by D. frontalis. This provides both opportunities and risks
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for planted forests. Tree defensive traits are known to be heritable and may be impacted by directional selection for
increased growth. In a series of experiments we have described the patterns of genetic variation existing for resistance
traits in populations of loblolly pine and have studied their correlations with growth traits. Understanding these patterns
is important for unraveling the evolutionary relationships between insects and tree species, and for developing methods
to mitigate damage by these pests in the future.

Achievements and development strategy of poplar genetic improvement in China. Su, X.-H., Huang, Q.J., Zhang,
B.-Y., Zhang, X.-H. (Chinese Academy of Forestry, China; Suxh@caf.ac.cn).

Genetic improvement of Populus in China was started in the 1940s. The objectives of poplar breeding have been
shifted from general to more specific uses. Target traits have been changed from productivity traits to include property
and adaptability traits, intending to achieve the best combinations of breeding, environment, tree species, and timber
quality. Many new varieties, developed in the last twenty years, are significantly different from those bred earlier; there
is an average volume increase of 10-20%, wood density increase of more than 3%, and fiber content of more than 2%.
A number of new varieties/clones have been successively applied in practice. Supported by government funding,
Populus nigra and P. deltoides were introduced into China. The study of genetic engineering of Populus has also
progressed. Target genes that cause resistance to leaf- and trunk insects have been incorporated into Populus,
successfully. With the use of molecular technologies, many molecular markers that are tightly linked with disease
resistance were detected, and these will be helpful to locate and clone disease-resistant genes. Studies on mapping
QTLs of many important traits, which control the growth, phenology and wood properties, have been carried out,
making it possible for early selection of these traits.

Pathogen management as a driver in Eucalyptus genetic management and deployment strategies. Wingfield,
M.J., Roux, J., Wingfield, B.D. (University of Pretoria, South Africa; Mike.Wingfield@fabi.up.ac.za).

Plantation forestry based on exotic Eucalyptus species expanded dramatically during the latter half of the 20th Century.
This is attributable to many factors, including the great diversity of ecological niches in which these trees are found.
The ease with which they hybridize and adapt to new environments and opportunities arising from vegetative
propagation, are also factors accounting for the success of eucalyptus plantations. In our view, one of the more
important factors associated with the tremendous growth and productivity of exotic eucalypts, is the separation of these
trees from pests and pathogens that damage them in their native range. However, new pests and pathogens are
continuously appearing in eucalypt plantations throughout the tropics and southern hemisphere. Consequently,
plantations have failed in some areas and the difficultly with which healthy trees can be grown is increasing. Thus,
breeding and selection of species and hybrids for disease resistance is becoming increasingly important. More
importantly, new strategies, including those using DNA technologies are beginning to determine success or failure.
This is a trend that is likely to increase in the future. We predict that companies that choose not to invest in
technologies enabling disease resistance are doomed to failure.

Genomics: Present status and progress
Organizer: Giovanni G. Vendramin, Institute of Plant Genetics — CNR, Italy; giovanni.vendramin @igv.cnr.it

Imprint of natural selection in forest trees at the genome and gene level. Kremer, A. (INRA, France;
antoine @pierroton.inra.fr).

It is known from provenance and progeny tests that most phenotypic traits exhibit large within and between population
diversity, resulting from diversifying selection pressures. With the availability of genes related to these traits, the
question raises on the signature of these pressures at the DNA level. Expected signatures will be outlined based on
simulations studies and supported by experimental data of nucleotide diversity in natural populations. The following
potential signatures will be tracked and compared under different selection scenarios: allelic association between genes
at the within and between population level, differentiation and diversity profiles along linkage groups, and clinal
response of nucleotide frequencies.

Pathway analysis of phytohormones in trees using a bioinformatics tool. Kushida, T., Yamamoto, S., Yamagata, Y.,
Asanuma, T., Sakai, N. (Japan Science and Technology Agency, Japan; kushida-tatsuya @aist.go.jp,; yamagata-
yuki@aist.go.jp; yamamoto-satoko @aist.go.jp,; asanuma-takao@aist.go.jp; sakai-noriko@aist.go.jp), Hattori, E.
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(Information and Mathematical Science Laboratory, Inc.; hattori-emi@aist.go.jp), Takagi, T. (University of Tokyo,
Japan; tt@k.u-tokyo.ac.jp), Fukuda, K.I. (National Institute of Advanced Industrial Science and Technology, Japan,
Sfukuda-cbrc@aist.go.jp).

Research on molecular biology of tree growth and development is progressing rapidly. Bioinformatics proves essential
in the analysis of such data. The bioinformatics tool: INOH (http://www.inoh.org/) is a cellular pathway database
system that houses data of biological events such as those involved in wood formation. In this paper, the data models
of biosynthesis and the regulatory pathways of plant hormones are described. Subsequently, their possibilities in
contributing to the advancement of molecular biology in tree physiology are discussed. The pathway information was
manually curated from scientific articles. This includes information on genes, gene products, chemicals, environmental
factors, and organisms. Each biological event is represented by a pathway graph in which genes, gene products,
chemicals, and environmental factors are described by nodes, and the relationships (e.g., activate) among them are
described by the edges. The curated pathways included biosynthesis and response pathways of cytokinin, ABA, etc., as
well as their sub-pathways (e.g., ‘binding of calcineurin and calcium ion’ in ABA response pathway). Availability of
information on curated cellular pathways of plant hormones has enabled the comparison and analysis of the
relationship between biological events and the cellular pathways under various conditions (e.g., environmental factors).

Population and evolutionary genomics of adaptation in forest trees. Neale, D.B. (USDA Forest Service, USA, and
University of California at Davis, USA), Ersoz, E. (University of California at Davis, USA), Krutovsky, K. (USDA
Forest Service, USA), Gonzalez-Martinez, S.C. (CIFOR-INIA, Spain), Wheeler, N.C. (North Carolina State University,
USA).

Population and evolutionary genomic studies in forest trees is leading to an understanding of the molecular basis of
adaptation. The association genetics approach is used to discover relationships between naturally occurring allelic
variation and phenotypic variation for a suite of adaptive and economic traits. This approach has been pioneered in
human genetics and is leading to the discovery of genetic variation causing complex and common disease. To begin,
direct DNA sequencing of candidate genes in a small sample of pine megagametophytes provides measures on
nucleotide diversity, haplotype (allele) diversity, and linkage disequilibrium. Conifers appear to have intermediate
levels of nucleotide diversity, but significant haplotype diversity, in part due to very low linkage disequilibrium. These
factors combine to increase power of a candidate gene association genetics approach. This approach has now been used
to show associations between allelic diversity in candidate genes involved in adaptive traits such as drought tolerance
and cold hardiness, and phenotypic diversity for these complex adaptive traits. It will soon be possible to perform
genetic selection for desirable adaptive and economic traits directly on DNA sequence and thus fully realizing the
potential of marker-based breeding and conservation.

Detecting adaptation in patterns of sequence variation with population genetic and molecular evolutionary
methods. Savolainen, O. (University of Oulu, Finland; outi.savolainen @ oulu.fi).

Natural selection leaves its signal on sequence polymorphism, influencing levels of diversity, frequency spectra,
linkage disequilibrium, and other aspects. However, these signals are embedded among the joint effects of stochastic
variation and demographic effects, such as migrations, colonizations, and bottlenecks. We used population genetics and
molecular evolutionary methods to examine the genome of Pinus sylvestris (and some other plant species) for traces of
selection, with special interest in signs of local adaptation, and demography.

Low nucleotide diversity in populations of a Mediterranean conifer species, Pinus halepensis Mill. Sebastiani, F.,
Buonamici A., Racchi, M.L. (Universita degli Studi di Firenze, Italy), Neale, D.B. (USDA Forest Service, USA),
Gonzalez-Martinez, S.C. (CIFOR-INIA, Spain), Plomion, C. (INRA, France), Vendramin, G.G. (IGV-CNR, Italy;
giovanni.vendramin@igy.cnr.it).

Aleppo pine (Pinus halepensis) is an outcrossing highly heterozygous species, with very large effective population
sizes. Based on isozymes, nuclear, and chloroplast microsatellite data it appears to carry high levels of variability, most
of which (>85%) resides within populations. Single-nucleotide polymorphisms (SNPs) provide an abundant source of
DNA polymorphisms and, if detected in candidate genes, may allow gathering information about adaptative variation.
The objectives of this work are: 1) to determine SNP frequency in coding and non coding DNA sequence amplified
from genomic DNA using PCR primers designed to complete genes, 2) to characterize haplotype variation in these
sequences, 3) to estimate the partitioning of variation within and among natural populations, and 4) to compare these
results with those obtained using other molecular markers. Ten candidate genes, involved in the drought stress
tolerance, were analyzed. Six natural populations of Aleppo pine were sampled along a geographical and ecological
gradient. The frequency of SNPs and nucleotide diversity are on average lower than that observed in other conifer
species. Tests for genetic differentiation among populations revealed a significantly high F.: value for some candidate
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genes, much higher than those estimated in Aleppo pine for neutral markers (isozymes and chloroplast microsatellites).
The genetic differentiation among populations was higher than that estimated using neutral marker. Possible
implications of these results in conservation genetics and marker-assisted selection will be presented and discussed.

Interspecific hybridization for sustainable forestry: Breeding and deployment
Organizer: Bailian Li North Carolina State University, USA; bailian @ unity.ncsu.edu

Current status of breeding and deployment for clonal forestry with tropical eucalypt hybrids in Brazil. de Assis,
T.F., Rezende, G.D.S.P., Aguiar, A.M. (Aracruz Celulose S.A., Brazil; gdr@aracruz.com.br).

The development of the concept of clonal forestry in Brazil was based on both spontaneous and natural hybrids. Trees
manifesting high level of heterosis for growth and also resistance to diseases, especially to the eucalypt canker, were used
to establish the first clonal plantations in Aracruz, located on the coast of Espirito Santo State. Since the recognition of its
importance, hybridization has become the dominant eucalypt breeding strategy in the country, being adopted by the main
companies, for many different purposes. The most popular hybrid combination is Eucalyptus grandis x E. urophylla.
However, after the preliminary success of E. globulus hybrids in Southern Brazil, with expected gains in wood quality for
pulp production, the majority of the pulp companies became interested in this genetic background. The use of clonal forests
of eucalyptus is currently widespread among Brazilian companies that use this genus for industrial purposes. Mini-cutting,
using propagules produced in hydroponic mini-hedges is the preferred cloning technique to establish clonal forests. The
total area planted with clones is over 1 million ha. The annual rhythm of new clonal plantations, to support expansion
projects of forest-based industries, is near 238,000 ha, 80% being E. europhilia hybrid clones.

Genetic improvement strategy for the Pinus elliottii P. caribaea var. hondurensis hybrid in Queensland. Dieters,
M.J. (University of Queensland and Cooperative Research Centre for Sustainable Production Forestry, Australia;
m.dieters @ugq.edu.au), Brawner, J. (Horticulture and Forestry Science Queensland, and CRC-SPFE, Australia;
Jeremy.Brawner@dpi.qld.gov.au), Last, 1. (Department of Primary Industries and Fisheries, Queensland, Australia;
lan.Last@dpi.qld.gov.au).

The genetic improvement of P. elliottii var. elliottii (PEE), P. caribaea var. hondurensis (PCH), and their hybrid in
Queensland has relied primarily on genetic improvement within the pure species, and intensive testing and selection of
elite F, hybrid families. The use of advanced hybrid generations had been considered a non-viable breeding method
because: 1) the genetic causes of hybrid superiority were not well understood, 2) the possibility of segregation back to
the parental types; and 3) possible hybrid breakdown. However, over the last six years, work conducted in association
with the CRC-SPF has demonstrated that: 1) F, and F, populations are comparable in both mean and variance for
growth traits, 2) the genetic control of most traits in the hybrid populations is largely due to additive or additive X
additive epistatic genetic effects, 3) F, hybrid performance is difficult to predict from pure-species performance without
the use of reciprocal hybrid testing, and 4) optimal gains can be obtained using a strategy that seeks to develop

a stabilized, advanced generation synthetic hybrid. These results have led to radical changes in the direction and
strategy applied to the breeding of PEE X PcH in Queensland, i.e. to produce a synthetic hybrid between these two
species, creating synergies with the clonal program and reducing the total resources required.

Eucalypt and pine hybrid breeding and deployment in South Africa. Kain, D., Verryn, S.D. (Environmentek, CSIR,
South Africa; SVerryn@ CSIR.co.za).

In the diverse planted forests of South Africa, hybrids fulfil specific purposes. Historically in eucalypts, hybrids
involving the favoured species Eucalyptus grandis have been deployed to pioneer marginal bio-climatic regions, in
particular, dry and cold sites. Recently, there has been growing interest in hybridization as a means to improve wood
properties. Several new hybrids of E. grandis under test aim to combine adaptation to marginal environments with
superior pulping properties; others have been used to improve wood colour. Hybridization is increasingly being used in
both eucalypts and pines to add disease resistance to species that are well regarded but susceptible on some sites. Work
is underway to identify the most economic ways of breeding hybrids in South Africa. Given the large number of
species and hybrids deployed, it is not economical to pursue separate breeding strategies for each of the hybrids using
conventional intensive strategies developed in crop breeding. An approach under investigation is the combination of
data from pure species progeny and from one or more hybrid taxa in an optimal manner using multi-species BLUP
with appropriate economic weightings. This approach makes best use of the available correlated information in the
various species and their hybrids, maximizing the total economic gain from breeding across the entire forest estate.
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A selective review of hybrid breeding in plants and implications for efficient breeding of Corymbia (ex
Eucalyptus, Myrtaceae) interspecific hybrids for industrial plantations. Lee, D.J., Nikles, D.G. (Department of
Primary Industries and Fisheries, Queensland, Australia; David.Lee @dpi.qld.gov.au; Garth.Nikles@dpi.qld.gov.au).

The practical utility of intra-specific (‘wide-cross’) and inter-specific hybrids often depends on their expressing high-
parent heterosis (HPH), i.e., significant superiority for performance, usually in yield, over that of the better parent
under cultivation. Such superiority has been demonstrated and used advantageously in many plants, e.g. some crop,
pasture, horticultural, vegetable, and hardwood and softwood forest tree species. Partial understandings, for example of
the bases of HPH and the potential role of genomics as an aid to hybrid breeding, are still emerging in many cases. To
benefit from the knowledge gained already about hybrid breeding of plants, the recent literature is reviewed selectively
to identify relevant elements that might have implications for efficient breeding of some Corymbia inter-specific
hybrids. An overview of the results of preliminary studies of Corymbia hybrids in tests in Queensland is also given,
along with postulations of gene action for important traits in the parents and hybrids, and likely options for efficient
hybrid breeding. As well, consideration is given to the definition of research and development work considered
necessary for progressing the breeding of Corymbia hybrids efficiently, in order to deliver improved hybrid families
and clones over time for sustainable industrial use.

Adaptation trials of interspecific elm hybrids to different environment. Santini, A., Mittempergher, L. (CNR, Italy;
a.santini@ipp.cnr.it), La Porta, N. (JASMA, Italy; nicola.laporta@iasma.it).

Dutch elm disease (DED) is the most devastating pandemic tree disease of last century. Millions of stately elm trees have
been lost across Europe and North America. Breeding projects aiming to introgress resistance genes in the European and
American elm species from Asian species have delivered several hybrid clones that present a good/high level of DED
resistance. Unfortunately, many of these hybrids showed low adaptability to hot and dry conditions. The Italian elm
breeding project has the aim to develop resistant elms more adapted to the Mediterranean environment. Crossing trials were
carried out among 11 Italian and Asian elm species. Crossability barriers among elm species were found rather limited.
Hybrid seed production was generally related to the taxonomic affinity of parental species. Percentage of success was
variable depending on male-female interaction and parental individuals. Several F, offsprings were selected from the
crosses and, after clonal propagation, were planted in different stands in Italy. An artificial inoculation program was carried
out for several years, routinely with backcrosses, to test the introgression of the resistance and to select at the same time the
best adaptability to Italian climatic conditions. Data are given on the resistance and growth of hybrid elms (mainly Ulmus
pumila X U. minor) involving U. pumila trees that have proven resistant to repeated inoculation with DED.

Genomics and tree breeding for sustainable forestry
Organizer: Bailian Li North Carolina State University, USA; bailian @ unity.ncsu.edu

Selection and breeding of Lespedeza for feedstock. Chen, X., Jia, L., Shen, Y. (Beijing Forestry University, China;
xychen@bjfu.edu.cn).

Lespedeza is a shrub with the advantages of fast growth, high-yield forage, rich nutritive value, and drought and barren
tolerance, which are suitable for feedstock, water and soil conservation, and soil improvement. We collected different
species and seed resources of Lespedeza throughout China and introduced L. cyrtobotrya, L. thunbergii and L.
japonica from U.S., Korea and Japan since 2001, and planted them in 11 locations in the semi-arid area of northern
China, for selecting species and seed resources as feedstock. The phonological spectrum, growth rhythm, biomass
nutrient content, drought- and salt-resistance were studied. The provenance from Georgia, USA, was the best among
seven provenances of Lespedeza cyrtobotrya. Its leaf biomass in vegetative stages, flowering period and fruiting period
were 39.4 g, 59.3 g and 48.6 g, respectively, which were 25-220% more than other provenances. Its crude protein
content and energy per stem were 11.4 g and 1.04 MJ, respectively, and were two times more than other provenances.
The leaf biomass, crude protein content, and energy of the Guandishan in Shanxi province of China were the highest
among six provenances of Lespedeza bicolor. Its leaf biomass in vegetative, flowering and bearing pod stage were
about 101-121% more than the poor provenance.

The result of the IUFRO Douglas Fir (Pseudotsuga menziesii (Mirb.) Franco.) provenance trial at the age of 32
at three trial sites in Bosnia and Herzegovina. Dalibor, B., Mekic, F. (University of Sarajevo, Bosnia and
Herzegovina, balliand@bih.net.ba; fatidzej @epn.ba).

In 1972, three studies were initiated in diverse ecologic conditions within IUFRO program involving Douglas-fir
(Pseudotsuga menziesii (Mirb.) Franco.). The heights, the DBH, the survival rate, and the total volume per hectare at
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the age of 32 have been researched. For the heights and changes we obtained statistically significant difference
between the provenance at the trial site Gostovi¢ and Crna Lokva, we only determined differences in the diameter,
whereas in the Blinje site, no differences were reported. The average mid-height in the trial site was between 18.65

m up to 21.5 m, and the diameters varied between 24.2 cm and 26.7 cm. We cannot report significant differences in the
survival trials, and between the trials, the survival varied from 22.3 % to 42.18 %. The volume per hectare did not
show significant differences between the provenances in the trial sites. The mid-range volume per hectare in the trial
sites varied between 117 m*/ha and 222 m*/ha. The results showed that there were differences between the provenance
in the trial sites and between the trial. The results of the investigation point at the type of provenance that need to be
used for introduction into previously defined sites.

Genetic improvement of P. caribaea in Queensland. Dieters, M.J. (University of Queensland and Cooperative
Research Centre for Sustainable Production Forestry, Australia;, m.dieters @uq.edu.au), Brawner, J. (Horticulture and
Forestry Science Queensland and CRC-SPF, Australia; Jeremy.Brawner@dpi.qld.gov.au), Last, 1. (Department of
Primary Industries and Fisheries, Queensland, Australia; lan.Last@dpi.qld.gov.au).

Significant resources have been devoted to the genetic improvement of P. caribaea (chiefly var. hondurensis, PCH) in
Queensland for deployment both as a pure species and as a parent of the F, hybrid with P. elliottii (PEE). However new
plans to develop a stable synthetic hybrid between PcH and PEE now mean that P. caribaea is only required for
deployment as a pure species across approximately 25,000 ha in north and central Queensland. Breeding activities
must therefore provide material for reforestation in these regions at a relatively low cost. The wide variety of sites
where tropical pines may be planted and some uncertainty regarding what will be the best taxon, requires a diverse
range of germplasm be maintained for the future. The breeding strategy adopted will involve genetic improvement
within four small subpopulations of P. caribaea — two derived from the Mountain Pine Ridge provenance of PCH, one
from the coastal and Guanaja provenances of PCH, and the last from P. caribaea var. caribaea. Small populations of
some species of minor importance (including P. oocarpa and P. tecunumanii) will also be maintained. A broad range of
crosses will be produced and evaluated prior to deployment in family blocks.

Fertility variation and effective number in a clonal seed orchard of Cryptomeria japonica in Korea. Kang, K.-S.,
Kim, C.S., Kang, Y.J., Kang, B.S. (Korea Forest Research Institute, Republic of Korea; kangks @foa.go.kr), Chung,
M.S. (Kyungpook National University, Republic of Korea).

Clonal differences in the number of female and male strobili were determined for three consecutive years in

a clonal seed orchard of Cryptomeria japonica in Korea. The strobilus production varied among clones and years.
On an average of three years, each clone produced 196 female strobili and 652 male strobili, respectively. The
correlation coefficient between female- and male strobilus production was positive for the three consecutive years.
Based on the fertility estimated by variation on female- and male strobilus production, the status numbers (Ns)
were calculated and Ns varied from 25.6 to 31.7 for the three consecutive years. On average (pooled), Ns was 86%
of the census number (N). Female fertility variation was consistently higher than male fertility variation; also,
female effective number was lower than male effective number. The Ns, when data were pooled, was higher than
when a single year was analyzed, implying that gene diversity could increase when seeds collected from different
years are pooled.

Genetic gain and diversity of orchard crops under alternative management options. Kang, K.S. (Korea Forest
Research Institute, Republic of Korea; kangks@foa.go.kr), Lindgren, D. (Swedish University of Agricultural Sciences,
Sweden; dag.lindgren @ genfys.slu.se), Mullin, T.J. (North Carolina State University, USA; tim_mullin@ncsu.edu),
Choi, W.-Y., Han, S.-U. (Korea Forest Research Institute, Republic of Korea).

Genetic gain and diversity of seed crops from a clonal seed orchard of Pinus thunbergii were estimated considering
selection, fertility variation and pollen contamination, and compared for different management alternatives (selective
harvest, genetic thinning and combination of both options). Management variables included the proportion of clones
left after selective harvest and/or genetic thinning. The impact on genetic gain and diversity of seed crops was
quantified as a function of the quantity and quality of gene flow from outside the seed orchard. Selective seed
harvest, genetic thinning and the combination of both options increased genetic gain over the initial orchard
condition (i.e., before thinning). Genetic gain varied with the proportion of selected or thinned clones. Genetic
thinning by means of truncation selection of clones resulted in a large decrease in status number, which was
accompanied by greater genetic gain than achieved by selective harvest alone. Gene flow from outside the seed
orchard greatly increased status number of the seed crop at higher rates of pollen contamination under all
management options. The formulae and results of the present study could be used for identifying favorable

selection intensity and alternatives for orchard management.
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Super high-density, complete genetic maps of black spruce and black x red spruce hybrid, and QTL mapping of
traits related to productivity and adaptation to climate change. Rajora, O.P. (University of New Brunswick,
Canada; orajora@unb.ca; Om.Rajora@dal.ca), Mann, 1.K., Kang, B.-Y. (Dalhousie University, Canada;
imann@dal.ca; Bum-yong.Kang @dal.ca), Major, J.E., Mosseler, A. (Natural Resources Canada, Canada;
Jjmajor@nrcan.gc.ca;, amossele@nrcan.gc.ca).

Black spruce (Picea mariana) and red spruce (P. rubens) provide an ideal species pair for conifer genomics work. One
of the objectives of our comparative structural and functional spruce genomics program is to construct high density to
saturated genetic maps of black spruce and black spruce x red spruce hybrids, and to map genetic factors controlling
traits related to growth and adaptation to climate change. We have developed a super high-density and complete
genetic linkage map of black spruce using a three-generation outbred pedigree and that of black x red spruce hybrid
using an inter-specific BC1 pedigree. The black spruce map has 941 markers distributed over 12 linkage groups (Picea,
n = 12), and covers 1898 cM of the map length, with an average of 1 marker every about 2 cM. The black x red spruce
hybrid map has 1216 markers distributed over 12 linkage groups, covering 1865 cM, with an average distance of 1.5
cM between adjacent markers. The estimated genome size of black spruce is approximately 1900 cM. We are mapping
candidate genes and QTLs for growth, adaptation to elevated CO. levels, water use efficiency, and other
ecophysiological adaptive traits using replicated clonal genetic tests under different abiotic stress conditions.

Selection of both high-growth and anti-snow damage trees of Japanese cedar. Sasaki, Y., Yatabe, T., Sasaki, A.
(Akita Prefecture Forest Technical Center, Japan).

Selection both high growth and anti snow damage trees of Japanese cedar (Cryptomeria japonica D. DON) was examined.
For selection, 4 tree characteristics of height (H), diameter at breast height (DBH), horizontal length from breast height to the
slanted section of the trunk (BHLH) which is an index of curvature, and ratio of survival (RS) were assessed. Seven of F,
families were classified both high growth and little snow damage from 24 families with specific combinations, using five
high-growth elite trees and five anti snow damage trees. Furthermore, by using the BHLH / H ratio, seven trees were found
to rank highly with respect to high growth, and four were resistant to snow damage. Five snow-resistant trees were female
and five elite trees were male. The results showed that 1) H, RS, and BHLH / H were significant with both snow damage
resistance trees and high growth elite trees, 2) BDH was significant only in high growth elite trees, 3) BHLH was significant
only for snow damage resistance. Those alternate actions of the female and male were significant with all four characteristics.

The influence of stem pruning on seed component of Korean white pine. Song, J.-M., Shim, T.-H., Kim, C.-W.,, Yi,
J.-S. (Kangwon National University, Republic of Korea; jasonyi@kangwon.ac.kr).

In order to investigate the influence of increased seed production of Korean white pine (Pinus koraiensis S. et Z.) by
stem pruning, seeds produced from stem-pruned trees, in the seed orchard in 2000, 2001 and 2002, were analyzed.
There were no significant differences in the seed with respect to moisture, ash, crude lipid, crude protein and
carbohydrate, in all three years between stem-pruned and untreated trees. Thus stem pruning, in general, does not seem
to influence seed constituents. However, there were significant differences in fatty acid, being 16.1 and 20:3 in 2000,
and 18:3(ov) and 18:3(ov) in 2001. The quantity of fatty acid was similar to that reported by other researchers. Also,
most of the fatty acid consisted of 18:2, 18:1 and 16:0; the values showed no significant difference between stem-
pruned and untreated trees. The content of fatty acid may differ, depending on the researcher and the methodology
used. Stem pruning did not seem to influence either the kind or amount of fatty acid produced in seed.

Study on chloroplast DNA inheritance of hybrid of Acacia mangium and A. auriculiformis using Single Strand
Conformation Polymorphism (SSCP) (Preliminary Study). Widyatmoko, A.Y.P.B.C. (Centre for Forest
Biotechnology and Tree Improvement/CFBTI, Indonesia; aviwicaksono@yahoo.com), Rimbawanto, A. (CFBTI,
Indonesia; rimba@indo.net.id), Sunarti, S. (CFBTI, Indonesia; narti_nirz@yahoo.com).

Chloroplast inheritance in angiosperms can vary among and within species. A number of studies reported the
inheritance of chloroplast DNA in pure species or hybrids. Most angiosperm species display maternal inheritance of
the chloroplast genome. However, chloroplast DNA (cpDNA) can also be biparentally inherited or paternally inherited.
The cpDNA, which, based on knowledge of its mode of inheritance, can be used either as molecular marker for genetic
studies or as a potential tool for genetic manipulation. In this study, single strand conformation polymorphism (SSCP)
of chloroplast non-coding regions was used to determine chloroplast DNA heritability in hybrid between, Acacia.
Mangium and A. auriculiformis. Controlled pollination seedlings between the two species were used. In order to be
certain that the materials were hybrid, SSR markers and species-specific RAPD markers were used. Several candidate
full-sib hybrid seedlings were checked by SSR and RAPD marker; however, some of them were not full-sib hybrids.
Only full-sib hybrid seedlings were used as materials for cpDNA inheritance study using SSCP.
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Somatic embryogenesis and plant regeneration from mature zygotic embryo of Diospyros discolor Willd. Wu, Z.-
X., Wang, Y.-N. (National Taiwan University, Chinese Taipei; m627 @ntu.edu.tw).

We established a plant regeneration system for Diospyros discolor Willd. (Ebenaceae) via somatic embryogenesis.
Direct embryogenesis was successfully induced on mature zygotic embryos cultured on modified MS medium with 0.1
mg 1-1 2,4-D and 0.05 mg 1-1 TDZ. For somatic embryo maturation, the mass of globular embryos were transferred to
1/2MS medium without plant growth regulators. After 20 days culture, the elongated somatic embryos were separated
from explants and subcultured on WPM medium with 0.5 mg 1-1 IBA and 1 mg I-1 GA3 for germination. The
germination frequency of mature somatic embryos germinated was approximately 30%. This is the first report on plant
regeneration of Diospyros discolor via somatic embryogenesis.

Study of Trichilia pallida Swartz populations and subpopulations genetic structure. Zimback, L. (Instituto

Florestal, Avaré, Sdo Paulo State, Brazil; nativas@fca.unesp.br), Mori, E.S. (Sdo Paulo State University, Brazil;
esmori@fca.unesp.br), Kageyama, P.Y. (Escola Superior de Agricultura “Luiz de Queirds”, Brazil;
kageyama @ carpa.ciagri.usp.br), Aoki, H. (Instituto Florestal, Avaré, Sao Paulo State, Brazil; hideyo @iflorest.sp.gov.br).

Trichilia pallida Swartz is a climax tree species of the Meliaceae family, and of interest to forest users because of its insec-
ticidal properties. Forty plants per population were collected from two subpopulations in Bofete County, three subpopulations
in Campinas County, and two subpopulations in Gélia County, all in Sao Paulo State, Brazil. Using, the RAPD method, leaf
DNA analysis showed 10 highly polymorphic primers, with 72 dominant markers, and was used to estimate genetic diversity
within and among populations. Total gene diversity (Ht = 0.33) among populations was high. The principal component

was gene diversity within whole populations (Hs = 0.29), but gene differentiation between populations (Gst = 0.13) was
considered moderate. In subpopulations total gene diversity Ht, the gene diversity within He increased and Gst decreased; the
Campinas populations and subpopulations showed greater diversity. Low gene flow (Nm = 0.78) indicated that genetic drift
between populations, and among subpopulations was moderate (1.43 to 3.52). The genetic distances were low among
populations (0.06 to 0.17) although they were superior to those of subpopulations within populations (0.02 to 0.05).

Progress in tree breeding for tropics and subtropics

Organizers: Huoran Wang Chinese Academy of Forestry, China; wanghr @rif.forestry.ac.cn, Josheng
Hong, and Mark Dieters University of Queensland, Australia; m.dieters @ uq.edu.au

Production of improved planting stocks of Tectona philippinensis and Intsia bijuga using stem cuttings.
Castaneto, Y.T., Castafeto, E.T. (Nueva Vizcaya State University, Philippines; yul0216@yahoo.com;
elmercastaneto @yahoo.com), Edmiston, M.F. (Saving Trees at Risk Foundation, USA; mindaedmiston @yahoo.com).

Studies were conducted to identify an alternative propagation technique for mass production of improved planting stock
of the endangered Philippine teak (Tectona philippinensis) and ipil (Intsia bijuga). Macropropagation technique using
stem cuttings was investigated, utilizing stem cuttings collected from seedlings. Successful rooting of stem cuttings of the
two species was achieved. Cuttings were cut into two-nodes and soak in Benlate solution (fungicide). Rooting hormones
such as indolebutyric acid, naphthalene acetic acid were used. Treated cuttings were planted in Hiko trays filled with
coconut coir dust, sand and garden soil in a 2:1:1 ratio. The rooting media/potting media was sundried for three days. The
planted cuttings were placed in a large plastic chamber for one month, then, rooted cuttings were transferred to individual
5 x 8 cm black polyethylene bags filled with the sundried pottings media and returned to the plastic chamber for another
month. The chamber was gradually open for acclimatization of seedlings for another month. Seedlings of Philippine teak
were fertilized with 20 g of Biocore, and ipil were fertilized with 0.50 g of complete fertilizer for healthy and vigorous
seedlings and maintained in the nursery for eight months prior to field planting.

Breeding of Pinus taeda in the southeastern USA. Li, B., Mullin, T.J., McKeand, S.E. (North Carolina State
University, USA; bailian @unity.ncsu.edu).

The North Carolina State University—Industry Cooperative Tree Improvement Program is celebrating 50 years of operation
since it was founded by Bruce Zobel in 1956. It has had a greater impact on planted forests than any other tree improvement
programs in the world. Today, over 1 billion genetically improved loblolly pine seedlings are planted annually on approxi-
mately 600,000 hectares in the southern United States of America. The planting stocks from progeny of second generation
orchards produced 15 and 35% over wild stands. Family block planting with open-pollinated and controlled pollinated seed-
lings are now used by many cooperators to achieve additional gains in productivity, rust resistance, and stem quality. With the
advances in rooted cutting techniques and somatic embryogenesis, some industry members are testing and deploying
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vegetative propagules and somatic seedlings to capture even higher returns from the breeding efforts. As we are moving into
the third cycle breeding program, new genomics tools will be used to accelerate the breeding and deployment progress.

Distribution of Azadirachta excelsa land race in Peninsular Malaysia. Mahat, M.N., Ghani, A.R.A., Abdullah, M.Z.
(Forest Research Institute Malaysia, Malaysia;, mohdnoor@frim.gov.my).

Although sentang is native to Malaysia, it is not native to Peninsular Malaysia. It has been reported to be an introduced
species and was described in Penang in 1820 as Melia excelsa. Thereafter, sentang was found in farmland or marginal
areas along the road sites or villages. The largest populations are found in four states namely Terengganu, Kelantan,
Kedah, and Perak, but they are also found in Perlis, Penang, and Negeri Sembilan. A thorough survey was conducted in
Terengganu and Kelantan to map the locations, and the trees were also evaluated for plus tree selection based on: diameter
at breast height, total and merchantable height, crown size, branch size and angle, stem straightness, and fruiting ability.
Forty-four old trees were found in Terengganu, of which 33 were located in Jertih district and 11 in Kuala Terengganu.
There are 353 trees found in five districts of Kelantan. Significant variation was observed in all of these land races.
Therefore, some these trees have been selected to be plus trees for future seed supply of planting stock.

Genetic variation in growth performance and fluorescence efficiency of four selected Acacia progenies. Mahat,
M.N., Ghani, A.R.A. (Forest Research Institute Malaysia, Malaysia; mohdnoor@frim.gov.my), Ab. Shukor, N.A.,
Awang, K. (University Putra Malaysia, Malaysia).

A species/ provenance/progeny trial was established in August 1998 at Kampung Aur Gading, Kuala Lipis. The
research was part of a collaborative effort between the Universiti Putra Malaysia (UPM), and the Fuelwood / Forest
Research and Development Project (F/FRED) and the Australian Centre for International Agriculture Research
(ACIAR) to evaluate the performances of these species /provenances in Malaysian environment and to access the
genetic worth of selected parents. The study involved the assessment of growth performance and fluorescence
efficiency of three-year-old Acacia mangium, A. auriculiformis, A. crassicarpa, and A. aulococarpa trial plot at
Kampung Aur Gading, Kuala Lipis, Pahang. The materials used in this trial comprised 80 progenies—20 progenies
from each of the four species. Significant variations were detected in the growth performance between the species,
provenances as well as among progenies. However, no significant variation were found in fluorescence efficiency
between the species/provenances. Morphological character, such as leave size, was observed to have significant effect
on the growth of these Acacia. A. mangium had the best growth. The result also revealed that further selection could
also be done from the best progenies to form an advanced breeding population. The physiological characteristics, such
as fluorescence efficiency, however, could not serve as one of the selection criteria for further improvement.

The program for conservation and genetic improvement in the Northern Territory of Australia of the high-
value, tropical hardwood timber species Khaya senegalensis (African mahogany) endangered in parts of its
homelands. Nikles, D.G. (Department of Primary Industries and Fisheries, Queensland, Australia;

Garth.Nikles @dpi.qld.gov.au), Reilly, D.F., Robertson, R.M. (Department of Business, Industry and Resource
Development, Northern Territory, Australia; Don.Reilly@nt.gov.au; Beau.Robertson@nt.gov.au).

Achievements of the program, commenced in 2001, include: 1) preparation of short- and long-term strategic plans, 2)
phenotypic selection in each of 24 provenances (from 11 countries of nativity between Senegal and Uganda, one
secondary) and unknown sources represented in Northern Territory (NT) stands (1970s plantings, some 20 ha), all
threatened, 3) establishment of 142 grafted clones in both a ‘gene recombination orchard’(GRO) and a conservation clone
bank (CCB) to generate progeny with great diversity, and ensure protection of the germplasm, 4) establishment of first tests
in 2005 of more than 400 clones from hedged seedlings (open pollinated from some 20 NT and Queensland select trees), 5)
congregation of grafts of the seemingly-best 14/142 clones at one end of the CCB to promote production of seed from them
to raise plants for new clone tests, and 6) selection of a site for a CSO needed to allow a future option of plantation
establishment via seed or seedlings. Limited flowering occurred in the CCB in 2004. Planting a second-cycle, base
population as open-pollinated, GRO families and infusions, to enable future selection of second-generation trees for on-
going improvement, will follow procurement of seed after the first general flowering expected in 2005 or 2006.

Radial basic density variation in different provenances of Grevillea robusta Cunn. Povoa de Mattos, P., Martins,
E.G. (Embrapa Florestas, Brazil; povoa@cnpf.embrapa.br; emartins @ cnpf.embrapa.br); Brand, M.A., Bittencourt, E.
(Uniplac, Santa Catarina, Brazil; martha@uniplac.net; eduardo@uniplac.net).

Grevillea robusta Cunn. was introduced in Brazil at the end of the 19" century. It has been cited in uses as wind and frost
protection, energy source, and solid wood. At this stage, it is important to introduce wood quality variables in breeding pro-
grams of G. robusta. The aim of this work was to estimate radial basic density variation in wood samples of different prove-



The International Forestry Review Vol.7(5), 2005 67

nances of G. robusta. Samples were taken from seven-year-old trees, from a provenance test in the Itaipu Binacional area in
Parana State, according to volumetric growth; considering excellent, intermediate, and slow growth. The samples were taken
bark to bark from the central board, from the first log, making sub samples of 1 cm in the radial direction. Basic density was
determined for each sub sample, and the radial variation percentage was established, considering the smallest and largest
basic density value in the same ray. The average basic density was 0.47 g/cm’, and percentage of radial variation was 12.9%.
There was variation of the radial basic density among provenances and progenies, but no correlation between radial variation
of basic density and tree diameter was detected. More conclusive results should be obtained with a wider sample.

Recent advances in Eucalyptus breeding
Organizer: Nuno Borralho RAIZ — Instituto da Floresta e Papel, Portugal; nborralho @ raiz-iifp.pt

Wood density and uniformity index of Eucalyptus grandis and E. grandis x urophylla clones in Brazil. Alzate,
S.B.A. (bibiana_arango @hotmail.com), Tomazello Filho, M. (University of Sdo Paulo, Brazil), Roque, R.M.
(Technology Institute of Costa Rica, Costa Rica).

In Brazil the genus Eucalyptus is widely used in reforestation programs and the concepts of clonal silviculture and
multiple uses of the forests are intensively applied. The characterization of clones wood properties (wood density
variability and uniformity) is essential to establish the possibilities of wood utilization, as ex.: solid wood, pulp and
paper, boards, posts, etc. Eight years old- 10 Eucalyptus grandis and E. grandis x urophylla clones were selected from
experimental plantations and collected wood samples for density uniformity research. Using the routine X-ray
densitometric analysis were obtained the radial wood density profiles and the Uniformity Index-UI. The wood density
and UI values were 0.46 (0.34-0.51) and 169.5 (142-206) in E. grandis clones, respectively, and 0.54 (0.49-0.58)
g/cm’® and 193 (192.2-202.7) in E. grandis x urophylla clones. The lower mean density values and higher uniformity
presented by Eucalyptus grandis clones compared with E. grandis x urophylla clones constitutes a important wood
quality parameter to be considered in eucalypts genetic programs with implication to wood properties and utilization.

Resistance to rust (Puccinia psidii Winter) in Eucalyptus grandis progenies in Brazil. Mello, E.J., da Silva, J.F., de
Siqueira, L. (Suzano Bahia Sul Papel e Celulose S.A.; Brazil; emello@suzano.com.br; jfsilva@ suzano.com.br;
Isiqueira @ suzano.com.br)

Rust is one of the most damaging eucalypt diseases in Brazil. Elite hybrid clones involving Eucalyptus grandis are
extensively used by the pulp and paper industry. However, E. grandis is one of the most-susceptible species to rust disease
caused by Puccinia psidii Winter. The disease occurs on seedlings in nurseries, on young trees in the field, on coppice,
and also on shoots in clonal gardens. The objective of this study was to evaluate rust resistance of 28 half-sib progenies of
elite genetic material from the Suzano Pulp and Paper tree breeding program in Sdo Paulo State and to select the best
trees as clones for operational plantations. Traits assessed included: susceptibility index and total height at age six months,
diameter at breast height, total height, total volume per hectare, and mean annual increment (MAI) at age seven years.
Analysis showed the occurrence of variability among families for rust susceptibility at age six months, with susceptibility
index ranging from 3.8-10.0. At age seven years, the Scott Knott cluster means analysis showed the existence of diversity
between families. Based on this, we selected 252 best trees (30% of selection) according to the Smith and Hazel, 1943
Mass Selection Classic Index. This selection indicated a 98% gain on the MAI trait.

Management and conservation of forest genetic resources
Organizer: Judy Loo Natural Resources Canada, Canada; jloo @nrcan.gc.ca

The potential uses of Trilepisium madagascariense DC for non-timber benefits and the need for its genetic
conservation in southwest Ethiopia. Adilo, M. (Ethiopian Agricultural Research Organization, Ethiopia;
mchilalo@yahoo.com), Senbeta, F. (University of Bonn, Germany), Yadessa, A. (Ethiopian Agricultural Research
Organization, Ethiopia), Woldemariam, T. (University of Bonn, Germany).

Throughout human history, plants have made an important contribution to the life of local communities. They play
a significant role in a wide range of socioeconomic systems as a source of foods, fuelwood, medicine, dyes, poisons,
shelter, fibers and religious and cultural ceremonies. Accordingly, T. madagascariense is one of the economically and
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ecologically important indigenous tree species occurring in the transitional montane rainforests of southwest Ethiopia.
The objective of this paper is, to highlight the importance of T. madagascariense as source of non-timber forest
products and to enhance its use and conservation. 7. madagascariense has several uses: the fruit is edible, the bark is
reported to be useful for treating stomach ulcers, rheumatism and anaemia; the roots are a remedy for impotence; the
latex is used for making birdlime. However, deforestation is threatening the transitional montane rainforest of Ethiopia
and the population of 7. madagascariense. Therefore, there is a need to develop a conservation strategy in situ or ex
situ, while using the tree species and its forest habitat in a sustainable way.

Common and multiple ice-age refugia in two southern beeches (Nothofagus spp.). Azpilicueta, M.M. (INTA EEA
Bariloche, Argentina;, mmazpilicueta@bariloche.inta.gov.ar), Marchelli, P. (CONICET and INTA EEA Bariloche,
Argentina; pmarchelli@bariloche.inta.gov.ar), Gallo, L. (INTA EEA Bariloche, Argentina;
lgallo@bariloche.inta.gov.ar).

The current distribution area of southern South America Temperate Forests was highly affected during the Quaternary Age
by glacial movement and climatic changes. Multiple ice-free areas, both in the Coastal and Andes regions, where species
survived were selected for several recent single-specific studies. Assuming a common life history, joint analysis of two
inter-fertile important species of these forests, Nothofagus nervosa and N. obliqua, was carried out. Chloroplast DNA
genetic markers were analysed in 26 and 25 populations respectively through a PCR-RFLP technique (trnD-trnT/Tagl and
trnF-trnV/Taql). Six haplotypes were observed, three of them common for both species, with a coincident geographic
distribution. A differentiation between Andes and Coastal Mountains was evident and higher haplotype diversity was
detected in the coast. The two most frequent haplotypes had a north-south distribution pattern in the Andes. Intrapopulation
variation was only detected in three populations of N. nervosa, east of the Andes. These results indicate the existence of at
least four common ice age refugia where both species survived the glacial period. Coastal regions could have been

a location for two of such refugia, being the other two located east or west of the Andes region.

The role of CAMCORE in the ex sifu conservation of forest trees. Dvorak, W.S. (North Carolina State University,
USA; dvorak@unity.ncsu.edu).

CAMCORE is an international conservation and tree domestication program located at North Carolina State University.
The driving force for its formation in 1980 was private forest industry. CAMCORE has 19 industrial members located on
four continents; donor countries are honorary members of the program. CAMCORE specializes in the ex situ conservation
and tree improvement of tropical and subtropical species native to Central America, Mexico, and Southeast Asia. Since
1980, it has sampled 25 species of conifers, 366 provenances and 8506 mother trees in seven countries. During the same
time period, 13 broadleaf species representing 148 provenances and 2665 mother trees were sampled in 12 countries.
Participants in the program have established more than 1500 ha of provenance/progeny tests and ex situ conservation field
plantings. In addition to tree conservation and breeding mandates, CAMCORE has expanded its research effort to include
species characterization and development of pine hybrids. Species characterization includes detailed wood studies to relate
wood quality to potential markets and disease resistance screening of its species for Pitch Canker. The pine hybrid program
explores the potential of wide crosses between the US southern pines and the Mexican pines.

Pollen morphology of Korean Rosa species. Kim, S.-Y. (Korea National Arboretum, Republic of Korea;
rosaksy @foa.go.kr), Kim, K.-H. (Chonbuk National University, Republic of Korea; forestkk@chonbuk.ac.kr).

Since the genus Rosa exhibits severe morphological variation, the names of many species have been based on their minor
differences, which have led to a great deal of controversy in delimiting taxonomic ranks and phylogenetic interpretation
within the genus. This study was conducted to a) test phylogenetic utility of the pollen morphological characters in
inferring phylogeny of Korean Rosa, and b) establish a classification system, by reviewing previous morphological
classifications and using as much phylogenetic information as possible. To achieve these goals, pollen micro-morphology,
one of the main phylogenetic characters, was analyzed from seven species of Korean Rosa. Examination of the pollen
micro-morphology from eight taxa of the genus demonstrated that pollen grains were monad, tricolporate, and the
sculpture pattern was striate. Two types of pollen, which differed in the height of ridge on the surface, were observed.
Evolutionary direction of the observed sculpture patterns was contrary to the existing phylogenetic relationships, which
suggest that the evolution of pollen characters is not consistent for all taxa and can be reversed.

The role of regional collaboration in managing forest genetic resources in Europe. Koskela, J., Turok, J., Bozzano, M.
(International Plant Genetic Resources Institute, Italy; j.koskela@cgiar.org; j.turok@cgiar.org;, m.bozzano@cgiar.org).

Forest genetic resources have been on the agenda of the pan-European forest policy process since 1990. This has enabled
development of strong regional collaboration through the European Forest Genetic Resources Programme (EUFORGEN),
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established in 1994. First, the collaboration focused on developing in sifu and ex situ conservation methods for model tree
species and monitoring progress made at the national level as a response to various threats to European forests (e.g. acid
rain and genetic erosion). Recently, the focus has been moving towards facilitating practical implementation of various
recommendations and closer integration of gene conservation into sustainable forest management. This reflects changing
needs identified by the forest policy process for managing the genetic resources. Forest genetic resources were considered
only as a scientific issue while gradually it is being recognized that they are important for the whole forest sector.
Subsequently, interaction between scientists, policy makers and managers, as well as collaboration between forest and
others sectors, are becoming increasingly important for effective management of genetic resources. Lessons learnt during
the past 10 years show clearly the benefits of keeping forest genetic resources in the political agenda and having

a regional approach to promote conservation and sustainable use of these resources.

Microsatellite mtDNA can be used to assess the genetic variability of Norway Spruce in different management
systems in the Italian Alps. La Porta, N., Muccinelli, 1., Passerotti, S. IASMA, Italy; nicola.laporta@iasma.it;
ivan.muccinelli@libero.it; passer8 @yahoo.com), Piovani, P. (University of Parma, Italy; pio@dsa.unipr.if).

It is important to have the right tools to monitor genetic variability in order to preserve the genetic resources and maintain
the biodiversity both in natural forest populations and plantations. The choice and collection of seeds for reforestation
processes can heavily affect the genetic variability of the population. Seeds collected from few mother plants or
sometimes collected from adult plantations can create a dangerous genetic bottleneck to the future generations. To this
purpose, we evaluated the genetic variability of different populations of Norway Spruce (Picea abies Karst.) coming from
three different silvicultural management systems in the Eastern Italian Alps. The three analyzed systems were natural or
natural-like forests, Italian plantations (aged 70-80 years), and Austrian plantations (aged 150-200 years). For each of the
three systems, we obtained samples from four different management units, 50 plants/unit, for a total of 600 plants. Two
different VN'TRs mitochondrial primer sets were used to characterize the samples. The analysis of genetic variability in
each group confirms the supposed higher biodiversity of the natural populations vs. plantations, with very few exceptions
that can be explained with forest dynamic processes that took place after the original plantation. The differences between
the populations are analyzed and discussed.

Forest genetic resources conservation initiatives of the North American Forest Genetic Resources Working
Group. Loo, J.A. (Natural Resources Canada, Canada; jloo@nrcan.gc.ca), Vargas-Hernandez, J.J. (Colegio de
Postgraduados, Mexico), Ledig, ET. (University of California, Davis, USA).

The Forest Genetic Resources Working Group of the North American Forestry Commission has worked for more than 30
years on joint research, training and development and application of technologies to conserve and sustainably use forest
genetic resources. The Working Group consists of three members from each of the countries of North America and work,
focusing primarily on temperate conifers of Mexico, and is organized into tasks chaired by Working Group members.

A large number of tree species and populations in Mexico are endangered by threats such as deforestation, over-
exploitation, fire, grazing and climate change. Particularly at risk are small, high elevation populations of temperate
conifer species that have close relatives distributed through western USA and into Canada. These populations contain
unique genetic material of potential value to all three countries as climates warm and the valuable genetic resources are
eroding rapidly in the face of ongoing threats. Examples of collaborative research among the three countries include
genetic diversity and gene flow analyses of endangered Mexican Picea spp., genetic structure of isolated populations of
Pseudotsuga and population genetics and ecology of Pinus pinceana. In addition to collaborative research, each of these
projects includes development of practical recommendations and strategies for long-term conservation.

Spatial structure and genetic diversity of three tropical tree species with different habitat preferences in a hill
dipterocarp forest of Peninsular Malaysia. Ng Kit-Siong, K., Lee, S.-L., Saw, L.-G., Lee, C.-T. (Forest Research
Institute Malaysia, Malaysia; kevin@frim.gov.my; leesl@frim.gov.my; sawlg @frim.gov.my; leechait@frim.gov.my),
Plotkin, J. (Harvard University; USA; plotkin@ias.edu), Koh, C.-L. (University of Malaya, Malaysia;
kohcl@um.edu.my).

Analyses of the spatial distribution pattern and spatial genetic structure were conducted, using a 33-ha plot in a hill
dipterocarp forest in Peninsular Malaysia. The trial involved Shorea curtisii (dominant on the ridges), S. leprosula
(common in well-drained and swampy sites), and S. macroptera (abundant in hilly and lower parts of the forest). The
estimated levels of genetic diversity, based on five microsatellite loci were high in all three species. The spatial
distribution pattern analyses showed a random distribution pattern only in the large-diameter trees of S. macroptera.
The significant spatial aggregation observed in all diameter classes of S. curtisii and S. leprosula was further proof that
these species are habitat specific. Significant spatial genetic structure was observed for S. curtisii at short distances in
both diameter classes, with the magnitude of spatial genetic structure increasing from small- to large-diameter trees.
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For S. macroptera and S. leprosula, the significant spatial genetic structure was observed only in large-diameter trees.
Given that high degree of micro-environmental heterogeneity does not directly affect S. macroptera, other ecological
and evolutionary processes, such as intra- and inter-specific competitions, herbivores and plant diseases might shape
the spatial genetic structure in the large-diameter trees.

Relevance of marginal populations for breeding and conservation strategies in Patagonian Cypress. Pastorino,
M., S4, M., Gallo, L. (INTA EEA Bariloche, Argentina; mpastorino@bariloche.inta.gov.ar;
msa@bariloche.inta.gov.ar; lgallo@bariloche.inta.gov.ar).

Austrocedrus chilensis is the forest tree species that most penetrates into the Patagonian steppe, even surpassing the
ecotonal line in sites with mean annual precipitation below 600 mm. Most marginal populations have been ignored
until now because of their reduced size (patches of some 100 trees) and their poor forestry phenotypes. The aim of the
present study is to evaluate their genetic resources in comparison with those of wetter conspicuous forests. Seeds of
310 trees from 11 marginal populations from the whole Argentinian range of the species were collected. Individuals
were genotyped at 12 isozyme loci by subjecting at least six endosperms to horizontal starch gel electrophoresis.
Intrapopulation variation was characterized through several classic parameters, which showed that marginal
populations are more variable than non-marginal ones. In order to test adaptive characters as well, a germination trial
was carried out in a greenhouse. Seeds from 194 progenies from the harvested populations were sown in a randomized
complete block design, with three repetitions. The germination capacity and energy were high (73% and 34%
respectively), compared to those reported for non-marginal populations. From the results, it seems evident that
marginal populations from the steppe harbour valuable genetic resources of Patagonian Cypress.

Ex-situ conservation of Khaya madagascariensis. Ramamonjisoa, L. (National Tree Seed Centre, Madagascar;
lolona.sngf@wanadoo.mg).

A National Strategic Plan of Forest Genetic Resources Management was established for Madagascar in 2000; its purpose
was to promote a new orientation in research on indigenous species. The aim of research on artificial regeneration was ex
situ conservation. Criteria for choosing species are: threat, and social and economic value at the local, regional and
international levels. Khaya madagascariensis (Acajou de Madagascar), included in Meliacea family, is one of the species
that merits priority. It comes from a small specific region in the north—west within a humid tropical climate and grows in
alluvial forests. The Khaya population is fragmented, and the genetic pool is declining along with the capacity for natural
regeneration. Fragmentation of the species is due to overexploitation by local communities for timber, and for medical and
aromatic usage. Objectives of the research on ex-sifu conservation of Khaya madagascariensis are a) determination of the
effect of seed storage factors such as humidity rate, containers, and temperature on seed viability, and b) establishment of
ex-situ protective plantations. Provenances located nearest to plantation sites were more adapted than those further away

Analysis of genetic diversity of Oriental beech (Fagus orientalis Lipsky) populations as the basis for development
of gene conservation strategy in Hyrcanian forests, Iran. Salehi Shanjani, P. (Research Institute of Forests and
Rangelands, Iran; psalehi@rifr-ac.ir), Vendramin, G.G. (CNR, Italy; giovanni.vendramin@igv.cnr.it).

The Hyrcanian forests in Iran represent the most preserved forest ecosystems that have remained from the Tertiary
period and are considered to be relic ecosystems. Pure and mixed beech (Fagus orientalis Lipsky) stands are the most
important forests in the Caspian zone. Beech forests cover around 17.6 % of Hyrcanian forests surface and represent
about 25 % of forest trees volume in Iran. In this study, we analyzed 13 beech populations along an east-west gradient
within the Hyrcanian forests,using polymorphic nuclear- and chloroplast simple sequence repeats, nSSRs and cpSSRs,
respectively. Chloroplast markers revealed a very strong differentiation among populations (Fst 80%). The analysis of
molecular variance (AMOVA) showed that 52% of the total cpSSR variation was attributable to differences among
regions, 28% to differences among populations within regions and 20% to differences within populations. Nuclear
SSRs confirmed the presence of significant differentiation among populations and among geographic regions, even if,
as expected, less pronounced than using cpSSRs (4% and 3% of total nSSR variance due to differences among regions
and among populations within regions, respectively). Possible applications of these results for the certification of
provenances and/or seed lots and for designing conservation programs are presented and discussed.

Conservation of forest genetic resources on farms: Diversity makes a difference. Simons, A.J. (World Agroforestry
Centre, Kenya; t.simons@cgiar.org), Kindt, R., Lengkeek, A., Boffa, .M., Tchoundjeu, Z., Akinnifesi, F., Roshetko, J.,
Cornelius, J.P., Jamnadass, R., Kalinganire, A.

Forest and agricultural farms both account for approximately 38% of tropical land area, each dwarfing forest plantation
area more than twenty-fold. Whilst natural forests contain ten times as many species and ten times as many individual
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trees as agricultural land, they face enormous pressures from agricultural expansion, extractive production and climate
change. Although trees on farms are largely viewed for their productive functions, they also present opportunities for
conservation of tree genetic resources on farm. Moreover, they provide ecological and genetic buffering capacity for
integrated approaches to landscape level conservation. Data from tree diversity studies of farms in Africa, Latin America
and Asia highlight the interspecific and intraspecific conservation role of trees on farms. More worryingly, the data also
reveal the bottlenecks associated with remnant trees and natural regeneration as founder populations. In addition, dangers
for some taxa are indicated following unstrategized introduction, selection and diffusion of tree germplasm. The prospects
for varietal, population, species and landscape level conservation are discussed against the background for the need for
productive diversity on farms to contribute to attainment of the millennium development goals.

Role of sengon (Paraserianthes falcataria) genetic diversity in sustainability of community forest in Java,
Indonesia.. Siregar, U.J., Wulan, R., Siregar, 1.Z. (Bogor Agricultural University, Indonesia;

ulfahjsiregar @yahoo.com; isirega@ gwdg.de), Sunarya, S. (Winaya Mukti University, Indonesia;

sopandies @yahoo.com), Winarni, 1. (R&D Centre for Forest Product, Indonesia; inawinarni2003 @yahoo.com).

Sengon (Paraserianthes falcataria) community forestry in Java has a long history, but efforts to establish pure sengon
plantations have been hampered by attack of the stem borer (Xystrocera festiva). This study investigated genetic
diversity presence in a sengon community forest that might have an important role in its sustainability. Using isozyme
9, sengon populations in West, Central and East Java were investigated for 14 loci of 7 enzyme systems. Polymorphism
was found in 7 loci, with average number of allele 1.54. Expected heterozygosity was 0.172, indicating relatively high
diversity, due to a high outcrossing rate (81%). In order to find diversity in plant resistance to the stem borer,
investigation of the activity of trypsin inhibitor in the stem was done. Variation on trypsin inhibitor activity was found
across 3 different age classes and 3 populations, ranging from 5.28 to 9.70 units/mg of sample. The finding of high
trypsin inhibitor activity in 10-year old trees from Sukabumi is of interest for the tree improvement program; the stem
borer is reported to attack trees older than 4 years old, when trypsin inhibitor activity is assumed to have decreased.

Global state of research on forest tree genetic diversity. Stahl, P.H. (The Forestry Research Institute of Sweden,
Sweden; per.stahl@skogforsk.se)

IUFRO Task Force 4, Management and Conservation of Forest Genetic Resources, was established in January, 1998.
The Task Force was asked to gather and synthesize information and detect knowledge gaps. A questionnaire was
developed and distributed to IUFRO members in 2000 to determine the state of research on forest genetic resources
and its relation to various disciplines: policy, behaviour and society, economy, management and operations, ecology
and environment, and biology. The initial response was poor so the questionnaire was sent a second time in 2002.

A total of 88 replies were received and more than half of them were from Europe. Respondents were asked to rate the
state of the knowledge of the relationship between forest genetic resources and each of the disciplines for major and
minor forest tree species. In general the knowledge concerning management, ecology and biology aspects is more
complete than policy, societal and economic aspects, though there are serious knowledge/research gaps, with respect to
genetics, in all disciplines and in all areas of the world. The relatively poor response to the questionnaire from IUFRO
members may signal that little attention is paid to genetic resources in many areas of forest research.
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Sub-theme: Meeting the Challenge of Climate Change

Meeting the challenge of climate change
Organizer: Lauri Valsta University of Helsinki, Finland; valsta @ helsinki.fi

Monitoring and baseline methodologies for carbon sequestration in forests. Brown, S. (Winrock International,
USA; sbrown@winrock.org).

Now that the Kyoto Protocol has been ratified, interest in forest-based carbon sequestration CDM projects is
increasing. Various ‘players’ are engaging in carbon sequestration CDM projects, and they will need to prepare project
design documents (PDDs). These PDDs require the documentation of baseline and monitoring methodologies. The
IPCC Good Practice Guidance provides guidance for monitoring methodologies but little guidance on baselines. There
are currently no standard practices for developing baselines and most pilot project baselines have been produced on

a case-by-case basis. In will present examples of approaches used to develop baselines for several existing projects.
The carbon benefits for afforestation/reforestation (A/R) projects have been shown to be easier to measure and monitor
than national inventories, partly because not all pools need measuring: a selective accounting system can be used that
must include all pools expected to decrease and choice of pools expected to increase as a result of the project. Such

a system allows for trade-offs between expected carbon benefits, costs, and desired precision. Techniques and methods
for accurately and precisely measuring individual carbon pools in forestry projects exist, and have been well tested in
many part of the world. I will present our experience with several forestry projects that demonstrate that the use of
these techniques can readily estimate carbon stocks to be within less than +10% of the mean at modest cost. Satellite
remote sensing technology may be useful for monitoring forestry projects in the future, though at present it has met
with limited success at the accuracy and precision needed for A/R projects. I will present some promising techniques
using airborne systems that are developing that can provide cost-effective means for monitoring changes in carbon
stocks to known levels of precision for complex forests.

Forests and forest products in climate change mitigation. Valsta, L. (University of Helsinki, Finland;
lauri.valsta@helsinki.fi), Sedjo, R.A. (Resources for the Future, USA; sedjo@rff.org), Pingoud, K. (Finnish Forest
Research Institute, Finland; kim.pingoud@metla.fi), Gustavsson, L. (Mid-Sweden University, Sweden;
leif.gustavsson @miun.se).

Forests and forests products have a wide-ranging impact on the carbon dioxide concentration of the atmosphere. The
annual increase in atmospheric carbon (ca. 3 GtC) amounts to less than 0.3 % of carbon stored in forest vegetation and
soils. Hence, modest changes in this storage are influential. Recent studies estimate the terrestrial net sink to be from
0.7 to 1.4 GtC. The global annual carbon flow through forest harvests is estimated to be 1-1.5 Gt, of which 0.35 Gt is
in industrially-processed wood. Aside of land use change, forest management practices and the use patterns of forest
products significantly influence the amount of the mitigation effect of the whole forest sector. We analyze the tradeoffs
between economic goals of forest management and the objective of maximizing carbon storage in forests as well as the
carbon flow from forests. To obtain the total forest-based impact, we then add the effects of energy and material
substitution based on the use of forest products. The magnitude of the substitution effect is variable across world
regions and technologies. We provide updated estimates for current and potential effects based on case studies and
large-scale statistics.

Prospects for markets for carbon offsets from forests. Brand, D. (Hancock Natural Resource Group, Australia;
dbrand @ hnrg.com.au).

Despite the accepted importance of forest ecosystems as a key part of the global carbon cycle and an important
reservoir or pool of carbon, the integration of forests into greenhouse gas emissions trading has been slow to develop.
While emissions trading seeks to find the lowest cost solution to reducing net greenhouse gas emissions, the use of
forestry offsets is questioned on the basis of permanence and accounting accuracy. Over the past two years, however,
substantial progress has been made in establishing forestry offsets as a ‘carbon credit’ in emerging carbon markets.
This paper will review the status of forestry offsets in the Kyoto Protocol including the Clean Development
Mechanism, the EU Emissions Trading Regime, the NSW Greenhouse Gas Abatement Scheme, and the Chicago
Climate Exchange. In addition, new forestry carbon initiatives such as the California Forestry Carbon Registry and the
New Zealand Permanent Forest Sinks Initiative will be reviewed. These nascent markets and regulations are generating
greater confidence in the regulations and methodologies necessary to create confidence in forestry offsets as an
environmental commodity.
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Widening the inclusion of forests beyond Kyoto 2012 targets: What are the options? Schlamadinger, B.
(Joanneum Research, Austria; bernhard.schlamadinger@joanneum.at), Kirschbaum, M.U.F., Dutschke, M.,
Penman, J., Trines, E., Ward, M., Freibauer, A., Brown, S., Canadell, P., Ciccarese, L., Marland, G., Michaelowa,
A., Pingoud, K., Rametsteiner, E., Yamagata, Y., Somogyi, Z., Bird, N., Hoehne, N., Pena, N., Smith, P., Labat, A.,
Fiedler, J.

Parties to the Protocol are to initiate negotiations for commitments after 2012 in 2005, at least seven years before the
end of the first commitment period (Article 3.9). In this light, this is an opportune time to revisit the inclusion of
forestry: What it aims to achieve and how climate policy post-2012 could be designed to reach these goals. This
presentation will summarize the findings of a workshop that will take place in May 2005 and is designed to bring
together experts on issues surrounding land use, land-use change and forestry (LULUCF) and to allow them to discuss
and formulate options for inclusion of LULUCEF in an international climate change agreement beyond 2012.

In particular, the presentation will: a) assess and discuss the benefits and difficulties of LULUCF within the Kyoto
Protocol; b) discuss the objectives for LULUCEF in a post-2012 international climate change agreement; c) discuss
improvements to the current modalities, new activities for inclusion within a post-2012 international climate change
agreement (such as deforestation in developing countries); and alternative architectures for consideration of LULUCF;
and d) evaluate the options identified.

Tree rings as indicators of the impact of environmental changes
on forest growth

Organizer: Paolo Cherubini WSL, Switzerland; paolo.cherubini@wsl.ch

Indirect human-induced effects promote carbon pools in temperate forest chronosequences.
Bascietto, M., Matteucci, G., Scarascia-Mugnozza, G. (University of Viterbo, Italy;
giuseppe.scarascia@ibaf.cnr.it).

Carbon sequestration and its driving variables are important in understanding the role of forest ecosystems in the
global carbon cycle. Direct biomass measurements and dendroecological methods were used to assess aboveground
pool (stock) and flux (stock changes) of Norway spruce stands of different ages in the Tharandter Wald (Central
Europe). To evaluate whether the C sink pool has increased in younger forest stands compared to older stands we
sampled pools and fluxes of four stands belonging to a chronosequence, and compared the results with a sampled
external older site. A two-stage Randomized Branching Sampling was used to provide estimates for the aboveground
pool, flux, and surface area of stem, branch, and needle compartments. LAI and annual carbon flux peaked in the 43-
year old stand (11.8 m*m?, 8.58 t C/ha/yr, respectively), and decreased in older stands. There was 51% (0.92 t C/ha/yr)
more annual carbon growth in the middle-aged stand compared to the mature one, while differences between the young
and the middle-aged stand, although detectable, were less significant. The constancy of forest management practices
throughout the years made it possible to relate the observed carbon growth enhancement to faster tree growth caused
by environmental changes.

Periodicity and growth rate of five promising tropical tree species from semideciduous forests in southeast
region of Sao Paulo State, Brazil. Botosso, P.C. (Embrapa Florestas, Brazil; botosso@cnpf.embrapa.br), Tomazello
Filho, M., Lisi, C.S., Maria, V.R.B. (ESALQ/Universidade de Sdo Paulo, Brazil; mtomazel @esalq.usp.br,
cslisi@carpa.ciagri.usp.br, vivibap @ig.com.br).

Growth rate and periodicity in girth increment were studied in five woody species that are potentially promising
for restoration and silviculture, based on wood anatomy, phenology and diameter growth measurements. Permanent
steel dendrometer bands were fixed in the trunks of 27 selected trees from a plantation of known age (Tabebuia
serratifolia — Bignoniaceae; Cedrela fissilis — Meliaceae; Dipteryx alata — Papilionoideae; Copaifera langsdoriffii —
Caelsapinoideae; Cariniana estrellensis — Lecythidaceae) and girth increments were evaluated during 33 months.
Cambium activity was reduced or ceased in the dry winter season probably due to water stress. Expressive growth
rates were detected after the first rainfall, demonstrating that the largest period of wood formation corresponds to
the rainy season and a longer phase of permanence of the leaves. Higher average trunk girth increments were
observed in species with lower wood specific gravity (SG) and slower growth in higher wood SG species. Girth
increment may be influenced by several climatic parameters, but the most important variable is the soil water
deficiency, inducing leaf fall and seasonal growth behaviour. Growth rings as a source of cyclic structural change
of growth periodicity were observed. This methodology is a potential tool to determine age and growth rate of
tropical trees.
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Ecological trends in the wood anatomy of some trees from Atlantic rain forest in south of Brazil: Growth rings
and vessels. Botosso, P.C., Povoa de Mattos, P. (Embrapa Florestas, Brazil; botosso@ cnpf.embrapa.br,
povoa@cnpf.embrapa.br), Galvio, F., Roderjan, C.V., Kuniyoshi, Y.S. (Departamento de Ciéncias Florestais, UFPR,
Brazil; fgalvao @floresta.ufpr.br, roderjan @floresta.ufpr.br, yoshiko @floresta.ufpr.br).

There is not much information on growth dynamic and ecology of tree species growing in the Brazilian Atlantic forest
domain, now reduced to less than 7% of its original area. Ecological trends based on wood anatomy were observed in some
representative woody species occurring within this ecosystem in the state of Parand. Data on tree rings, qualitative and
quantitative vessel features (arrangement, grouping, diameter and element length) were analyzed in tree species growing

in lowlands forests, mixed forests and dense montane forests situated at 0—20m, 800-1200m and >1200m above sea level,
respectively. Non-destructive small wood samples were collected and prepared for macro and microscopic observations.
The presence of growth rings was associated with seasonal environments in terms of temperature, humidity and soil water
balance. Preliminary results show that vessel elements seems to be smaller and occur more frequently in multiples at higher
altitudes and in environments affected by thermal seasonality. The wood of species from lowland forests appears to be at
least as well adapted to efficient water transport as to safety for hydraulic conduction during periods of physical or physiolo-
gical drought. These results are compatible with ecological trends established by other authors for other floras and/or taxa.

Increased productivity of old-growth baldcypress (Taxodium distichum) in the southern United States. Devall,
M.S., Reams, G.A. (US Forest Service, USA; mdevall @fs.fed.us; greams@fs.fed.us).

Baldcypress (Taxodium distichum) is a long-lived deciduous conifer that grows in intermittently flooded and poorly
drained areas of the southeastern United States. Practically all the virgin baldcypress stands were logged during the late
19" and early 20" centuries, and most baldcypress that exists today is second growth. A few old-growth trees remain,
but most are hollow. We located and cored solid baldcypress trees up to 1375 years old along the Tangipahoa and Pearl
Rivers in southeastern Louisiana, and crossdated and measured the rings. We converted average ring width to basal
area increment data because basal area is a better indicator than ring width of actual tree productivity. The old-growth
trees (>1000 years) from both areas show increased growth since about 1950. The younger old growth (500-1000
years) from the Pearl River demonstrate less accelerated growth during the same period and those from the Tangipahoa
River have maintained relatively constant basal area increment. It is surprising that very old trees are increasing in
radial growth because the ratio of photosynthesis to respiration decreases in older trees. A possible explanation is that
the increased growth is due to CO..enrichment.

Ring growth of Quercus liaotungensis on the Chinese loess plateau in relation to climatic factors. Du, S.,
Yamanaka, N., Yamamoto, F. (Tottori University, Japan; shengdu@alrc.tottori-u.ac.jp, yamanaka@alrc.tottori-u.ac.jp,
Sfukuju@muses.tottori-u.ac.jp), Otsuki, K. (Kyushu University; Japan; otsuki@forest.kyushu-u.ac.jp), Wang, S.Q., Hou,
Q.C. (Chinese Academy of Sciences, China; shengqi_wang @yahoo.com.cn, hougch@ms.iswc.ac.cn).

Annual ring growth of a natural Quercus liaotungensis forest bounded by a desertified region in the loess plateau of
China was investigated for evidence of environmental influence. Increment cores of 120 trees were sampled from six
stands about 500 m apart from each other. The sampled trees were growing in the middle part of moderate slopes
facing north, north-east or north-west, and climatological data were obtained from the nearest meteorological station of
Yan’an city, Shaanxi province. The results of correlation analyses between standardized data of annual ring growth and
climatic factors showed that ring growth variability is correlated with both inter- and intra-annual climate variation.
Ring growth was positively correlated not only with annual precipitation, but also with high precipitation in early
summer and the previous autumn. Summer high temperatures negatively affected ring growth, while a mild
temperature in late autumn of the previous year showed a positive effect. The extent of growth reduction and release
varied spatially, probably as a result of microenvironment and the resulting soil water condition.

Correlation between weather conditions and tree growth for Scots pine and Norway spruce in northern Sweden.
Elfving, B., Freeman, M., Morling, T. (Swedish University of Agricultural Sciences (SLU), Sweden;
michael.freeman@spek.slu.se; tommy.morling @ssko.slu.se).

Correlation between estimated stem biomass growth according to a process-based model and observed growth on
increment cores for Scots pine (Pinus sylvestris L.) and Norway spruce (Picea abies (L.) Karst) was analysed under
boreal conditions. Continuous observations on radiation, temperature and precipitation were used to estimate annual stem
biomass growth in the period 1980-2001, using the model, Biomass, adapted to boreal conditions. In autumn 2001, 180
increment cores from 90 trees were gathered within 2 km from the site of climatic measurements from three undisturbed
stands of each species. Measurement of annual ring characters was made with a flat beam x-ray wood scanner. Species
mean index series were used to relate observed and predicted annual growth. Ring width indices correlated well with the
official species-wise series for the region but the correlation between indices for pine and spruce was low. Wood density
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indices for the species had a higher correlation. Estimated biomass growth was not significantly correlated with ring width
indices but the correlation with ring wood density indices was significant for both species. The results indicate that ring
wood density, but not ring width, is related to the annual variation in general growing conditions.

Tree-ring variability of Araucaria columnaris (Forster) Hook trees in Sao Paulo State, Brazil. Medeiros, J.G.S.,
Tomazello Filho, M. (Department of Forest Sciences/University of SGo Paulo, Brazil; jeangm@esalq.usp.br).

Araucaria columnaris trees, originated from New Caledonia, an island group in the Pacific Ocean, and are widely
planted in parks and green areas of Brazilian cities, due to their crown size and architecture. In urban areas, this
species is exposed to anthropogenic factors and is useful in dendrochronological research for analyzing the growth
effects of environmental quality. Wood cores were extracted by an increment borer from 12 A. columnaris trees and the
tree rings were characterized by applying anatomical and X-ray densitometry methodologies. The results showed radial
variability in tree rings. Juvenile wood (central core) presented growth rings that were light coloured, with distinct
boundaries that changed, gradually, from earlywood to latewood. Mature wood had distinct tree rings but with an
abrupt transition from latewood to earlywood. These features were related to tracheid dimensions, and wood density.
The annual and accumulative tree-growth increments of A. columnaris trees were discussed as an index of
environmental effects.

Influence of climate, soil and stand variables on cork growth. Paulo, J.A., Tomé, M. (Instituto Superior de
Agronomia, Portugal; joanaap @isa.utl.pt; magatome @isa.utl.pt).

Samples from mature cork of Quercus suber L. extracted in the period from 1996 to 2003 in sites distributed around
Portugal were used for this investigation. Growth trends of the width of respective cork rings after 8 to 10 years of
growth were analyzed and compared with the prediction from an existing cork growth model, only dependent from
individual tree variables. The residuals produced in this comparison were used to investigate the relationship between
cork growth and climate (temperature and precipitation), soil, and stand variables. The considered model was then
refitted by incorporating climate variables, witch proved to be related with cork growth. This model was then used to
evaluate the consequence of climatic changes on cork growth, based on climate scenarios specific for Portugal.

Growth periodicity of Ocotea porosa and Araucaria angustifolia from plantation in the southern Brazil. Povoa de
Mattos, P., Botosso, P.C., Carvalho, P.E.R. (Embrapa Florestas, Brazil; povoa@cnpf.embrapa.br;
botosso@cnpf.embrapa.br; ernani@ cnpf.embrapa.br), Tomazello Filho, M. (ESALQ-USP, Brazil;

mtomazel @esalq.usp.br).

Ocotea porosa (Nees) Angely and Araucaria angustifolia Kuntze are very important commercial tree species in Brazil
but they are being threatened by natural exploitation. Silvicultural studies were conducted to overcome this problem. It
was also necessary to understand their growth behaviour in plantations, and under different regimes of precipitation
and temperature. This work aimed to study radial growth by analyzing the growth rings of 13-year old trees, (three of
A. angustifolia and two of Ocotea porosa), from an experimental plantation in the Giacomet Marodin Company area of
Quedas do Iguacgu, Parana State. Wood samples were taken from breast height level, and were prepared for microscopic
analysis and measurement of the growth rings. Growth rings were distinct in both species, and their identification was
more difficult in the earlier years. It was possible to verify the tendency of growth variation related to precipitation. On
average, O. porosa had an annual growth increment of 4.6 mm and A. angustifolia, 7.0 mm. For both species, growth
rate was higher in the earlier years, and average increment decreased in the last five years. This effect was more
evident in A. angustifolia.

High resolution records of temperature change during the last millennia in high latitudes of Siberia, Russia.
Sidorova, O.V., Vaganov, E.A., Naurzbaev, M.M. (Russian Academy of Sciences, Russian Federation;
ovsidorova@forest.akadem.ru).

The local tree-ring chronologies from Siberian dendroclimatic network and millennia tree-ring chronologies from
northern Eurasia were developed. The analysis of long-term climatic changes in Siberian sub-Arctic for the last 400
years showed a high correlation between local chronologies and the earlier summer temperature (R = 0.69-0.84), and
thus, allowed one to apply this chronology for temperature reconstruction. Combined north Siberian chronologies were
compared with the other climate proxies of the circumpolar Northern Hemisphere, which showed significant
correlation for the pre-industrial- and industrial periods, as well. The correlation analysis was applied to evaluate the
influence of the main climatic forcing factors (solar radiation, volcanic activity, increase of CO. concentration) on
combined tree-ring series. It was shown that solar radiation and volcanic activity explained more of the common
variability in temperature changes than the CO, concentration.
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Growth trends in European forests and their potential causes. Spiecker, H. (Albert-Ludwigs-University, Germany;
instww @uni-freiburg.de).

Forest growth changes are observed in various time scales. Year-specific growth variations are well known to
dendrochronologists. Medium-term growth fluctuations often are observed when permanent research plot data,
repeated forest inventory data series or tree analysis data are evaluated. In addition, long-term growth trends may occur
in several decade-long observation periods. Various factors are affecting forest growth. This presentation intends to
exclude effects of management on growth such as effects of weed control, regeneration techniques, initial spacing,
tending, thinning, species selection, species mixture and stand structure, genetic improvement, and age structure. The
study also tries to discriminate between the effects of planned fertilization, liming, drainage, effects of insect and fungi
attacks, effects of storm, snow and fire and the effects of other factors which determine forest growth. The analysis
concentrates on site-induced changes in forest growth, evolving from possible changes in air temperature, precipitation,
nitrogen input, elevated CO, and from past litter racking. The study is based on empirical observations from stem
analysis of dominant trees. Growth variations and growth trends are described and possible causes identified.

Effects of atmospheric nitrogen deposition on tree growth in temperate forests in Switzerland. Waldner, P,,
Cherubini, P., Stdhli, M., Thimonier, A., Schmitt, M. (WSL, Switzerland; peter.waldner@wsl.ch,
paolo.cherubini@wsl.ch, manfred.staehli@wsl.ch, anne.thimonier @wsl.ch, maria.schmitt @wsl.ch).

Human activities such as burning of fossil fuels have affected the atmosphere. As a consequence, natural ecosystems in
central Europe have been exposed to i) a four-fold increase in nitrogen deposition, ii) an increase in carbon dioxide
concentration of more than 50 ppm, and iii) an increase in temperatures of about 1.5 °C during the last century. Tree
ring widths and long temperature records have largely been used to show the impact of increased temperature on tree
growth and net primary production. However, long records of atmospheric nitrogen deposition are scarce and have
rarely been correlated with tree ring widths. In this study, we used climate and deposition records and tree core
samples from Swiss Long-Term Forest Ecosystem Research (LWF) plots at various environmental conditions to
investigate the effect of nitrogen deposition on tree radial growth. Temperature and CO, increased globally, but a rise of
tree radial growth was only found at sites that now have a high nitrogen deposition. This indicates that net primary
production was strongly influenced by nitrogen deposition. Results from correlation analyses of more than 20 years of
monthly nitrogen deposition, other climatic parameters and tree ring data will also be presented.

Use of tree ring data to test a broad-scale model of forest productivity in Australia. Waterworth, R., Brookhouse,
M., Kesteven, J. (Australian National University, Australia; robert.waterworth@anu.edu.au).

Australia’s National Carbon Accounting System (NCAS) has developed a continental Forest Productivity Index (FPI)
which estimates monthly productivity at 1km resolution from 1970-2003, using a simple process-based model. Good
agreement has been found between the long-term average FPI and aboveground biomass at or near maturity in native
forests, allowing broad—scale modelling of biomass stocks. However little work has been conducted on testing the FPI
over short time periods. Few long-term growth experiments exist in Australia’s less commercially productive native
forests, leading to a paucity of data for testing the FPI. The majority of Australia’s forests are dominated by eucalypts.
Eucalypts have typically been characterized as unsuitable for tree-ring analysis due to difficulty of identifying annual
rings, relatively short life-spans and the impacts of insect defoliation. Hence, eucalypt tree-ring data have been under-
utilized in Australia. However, sufficient tree-ring measurements have been successfully carried out in eucalypt species
to allow comparison with the FPI. This presentation will discuss the development of the FPI, eucalypt tree-ring
sampling and measurement, and the value of broad-scale hybrid growth models. Application to plantation systems and
limitations of tree-ring measurements in testing models of biomass production will also be discussed.

Effect of boron, genotype and site conditions on intra-ring checking in radiata pine. Xue, J.M., Clinton, P.W.,
Beets, PN., Kimberley, M., Graham, D., Leckie, A., Payn, T.W. (New Zealand Forest Research, New Zealand;
Jjianming.xue @forestresearch.co.nz).

Intra-ring checking in radiata pine is a significant concern to New Zealand wood processors. Intra-ring checking
appears to arise following collapse of cells with insufficient cell wall strength to withstand tension forces associated
with wood drying. Boron (B) plays an important role in improving cell wall integrity and growth and wood quality by
linking to the rhamnogalacturonan II fraction of pectic polysaccharides and other vital cell activities. Site factors
(mainly soil moisture) are also assumed to affect intra-ring checking in radiata pine. This study, consisting of 5
genotypes 5 rates of boron fertilizer (0, 4, 8, 16, 32 kg B/ha) 2 weed treatments at each of two sites, was carried out to
investigate the extent and patterns of the interactions between the tested factors in relation to the intra-ring checking in
radiata pine. The links between the intra-ring checking and boron concentration and the C isotope ratio in the wood
were also examined.
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Global fire trends and climate change

Organizers: Bill de Groot, Brian Stocks Natural Resources Canada, Canada; bstocks @ NRCan.gc.ca;
bill.degroot@nrcan.gc.ca, Johann G. Goldammer Max Planck Institute for Chemistry, Germany;
johann.goldammer @fire.uni-freiburg.de

Estimating annual carbon emissions from Canadian wildland fires. de Groot, W.J., Landry, R., Banfield, E., Peters,
V., Anderson, K.R., Kurz, W.A_, Hall, R.J., Lynham, T.J., Fraser, R.H., Englefield, P, Jin, J.-Z., Carr, R., Pritchard, J.
(Natural Resources Canada, Canada; bill.degroot@nrcan.gc.ca).

Wildland fires burn an average of 2 million ha of forest annually in Canada. A wide range of fuel types and burning condi-
tions contribute to large inter-annual variability in area burned and carbon emissions. In support of Canada’s national forest
carbon monitoring, accounting, and reporting system, a fire and carbon emissions project was initiated using a boreal pilot
study to develop and test a method to provide annual estimates of national carbon emissions from fires. The Project is housed
within the Canadian Wildland Fire Information System (CWFIS) which integrates multi-source data for national-level pro-
ducts. Area burned and daily fire spread are derived from satellite products. Spatially and temporally explicit burning condi-
tions for each fire are determined using fire weather data from the CWFIS. The Carbon Budget Model for the Canadian
Forest Sector (CBM-CFS) provides detailed fuel type and pre-fire fuel load data. The CWFIS calculates the fuel consump-
tion for different biomass pools in each burned cell based on fuel type, fuel load, burning conditions, and fire behaviour using
a fire effects model. Carbon emissions are calculated from fuel consumption. The CWFIS performs the fire-initiated transfer
of biomass between pools, and the CBM-CEFS uses the new pool data to calculate post-fire carbon dynamics.

Fire and climate change in boreal forests. Flannigan, M.D., Logan, K.A., Stocks, B.J., Wotton, B.M., Todd, J.B.
(Natural Resources Canada, Canada; kimlogan@nrcan.gc.ca, bstocks @nrcan.gc.ca, mike.wotton @utoronto.ca,
btodd@nrcan.gc.ca).

Fire is the major stand-renewing agent for much of the circum-boreal forest, and greatly influences the structure and
function of boreal ecosystems from regeneration through mortality. Current estimates are that an average of 5-15 million ha
burn annually in boreal forests, almost exclusively in Siberia, Canada, and Alaska. There is a growing global awareness of
the importance and vulnerability of the boreal region to projected future climate change. Fire activity is strongly influenced
by four factors: weather/climate, fuels, natural ignition agents, and humans. Climate and weather are strongly linked to fire
activity which suggests the fire regime will respond rapidly to changes in climate. Recently, the climate of the northern
hemisphere has been warming due to an influx of radiatively active gases (carbon dioxide, methane etc.) resulting from
human activities. This altered climate, modeled by General Circulation Models (GCMs), indicates a profound impact on
fire activity in the circum-boreal forest. Recent results using GCMs suggest that in many regions, fire weather/fire danger
conditions will be more severe, with longer fire seasons and increases in: area burned, people-caused and lightning-caused
ignitions, and the intensity and severity of fires. Ongoing fire/climate change research is designed to determine the impact
of a climate change altered fire-regime on the landscape and develop options for future adaptation and mitigation strategies.

Application and development of forest fire danger rating system in Korea. Lee, S.I., Won, M.S., Lee, M.B.,
An, S.-H., Kim, D.H. (Korea Forest Research Institute, Republic of Korea; LSY925@foa.go.kr; mswon@foa.go.kr;
mblee@foa.go.kr; shan508 @daum.net; k3d2hl @foa.go.kr).

The objective of this project was to develop the Korean Forest Fire Danger Rating Index (KFFDRI) to forecast the danger
of forest fire occurrence for the reduction of forest fires. The KFFDRI consists three indices, each with a scale of 1-10:
daily weather (DWI), fuel model (FMI), and topography model (TMI). DWI uses meteorological characteristics such as
effective humidity, temperature, and wind speed, and is adapted to local conditions using one of eight logistic regression
models. Both FMI and TMI were derived from analysis of forest type and site features of 126 forest fires. In addition to the
modeling and analysis, various factors affecting forest fire occurrence were analyzed with a thematic map based on forest
type, topography, administrative units, and meteorological data. The forest fire hazard index is used to produce hazard
indices on the web in real-time. The system uses a Windows 2000 NT Server as the platform, with ArcGIS 8.3 as the
analysis tool, and Arc IMS as internet map server. VB.NET and Avenue were used for programming. The web-based forest
fire danger rating system is updated hourly, providing Koreans with real-time information on actual fire hazards.

Temporal analysis of the Keetch-Byram Drought Index of selected stations in Malaysia: implications for forest fire
management. Nuruddin, A.A., Ampun, J., Yusof, M.S.M. (Universiti Putra Malaysia, Malaysia; ainuddin@forrupm.edu.ny).

Keetch-Byram drought index (KBDI) is used by forest fire managers to integrate weather elements into a numerical index
for risk of fire, and is used for allocating resources and preparedness. In the study, daily KBDI values were calculated and
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temporal trends were studied at four selected stations in Malaysia for the period 1990-1995. KBDI software was used to
determine KBDI values. Three fire danger categories were established; low (LFD) (0-1000), moderate (MFD)
(1001-1500), and high (HFD) (1501-2000). Kota Bharu had the highest maximum daily KBDI (1982), while Kuching had
the lowest maximum (1769). The highest monthly mean KBDI value at Kota Bharu was 1550 in February, and the lowest
was 350 in November. The highest value at Kuching was 1120 in July, and the lowest was 240 in January. At Sandakan, the
highest monthly KBDI mean was 1355 in April, and the lowest was 380 in December. The highest monthly KBDI mean at
Subang was 1370 in July, and the lowest was 680 in December. In the frequency analysis, Kota Bharu had 773 MFD days
and 684 LFD days. Kuching had 1497 LFD days and 120 HFD days. Sandakan had 1056 LFD days and 424 HFD days.
Subang had 926 MFD days and 366 HFD days. Implications on fire management activities are discussed.

Wildfire in forests of Greek fir. Raftoyannis, Y. (TEI Lamias, Greece; rafto@teilam.gr), Spanos, 1. (Forest Research
Institute, Greece; ispanos@fri.gr).

Greek fir (Abies cephalonica Loudon) is a dominant tree species in the mountainous Greece and it forms productive
forests. In the past, wildfires in fir forests were not considered a major threat, but in the last decades, fir forests in Greece
have experienced large crown fires with subsequent ecological and economical losses. Thin-barked and resin blistered,
with a moderately shallow rooting system, the Greek fir is susceptible to fire. Additionally, young trees have low-growing
branches that can easily ignite from burning undergrowth, providing a fuel ladder into the crown. Past burn mosaics
tended to increase the probability that subsequent fires would also burn in a mixed pattern. However, after decades of fire
exclusion and silvicultural management, patches of late succession forests with large accumulations of dead and living
fuels have coalesced, increasing likelihood of fires of unusual size and severity. Severe crown fires may knock succession
back to herbs and shrubs, or replace fir forests with the fire tolerant oak forests. In our contribution, we present data on
wildfires in fir forests in Greece and their relationships with climatic data.

Experimental manipulations of forest ecosystems: hints on global change

Organizers: Sophie Zechmeister-Boltenstern Federal Research and Training Centre for Forests,
Austria; sophie.zechmeister @ bfw.gv.at, and Robert Jandl Austrian Federal Office and Research Centre
for Forests, Austria; robert.jandl @ bfw.gv.at

Changes in temperature sum and frost damage risk at the beginning of growing season in Finland over the last
100 years. Hikkinen, R., Heinonen, J. (Forest Research Institute, Finland; risto.hakkinen @metla.fi;
Jjaakko.heinonen @metla.fi).

The timing of leaf unfolding and flowering of boreal trees can reasonably be predicted with temperature dependent bud
development models, e.g. the simple temperature sum. The predicted bud burst takes place when the species-specific
threshold value of temperature sum has been attained. We analyzed the changes and trends of different values of bud burst
threshold utilizing temperature records of the Finnish Meteorological Institute covering the 20™ century from different
locations in Finland. The frost damage risk is highest during the two-week period after bud burst. The variations in frost
damage risks were studied by analyzing the conditional distribution of minimum temperatures after bud burst threshold
values had been reached. We found that the rate of temperature accumulation has increased over the last century. The bud
burst thresholds towards the end of the study period were achieved about one week earlier than at the start. In general, the
earlier the buds burst the greater the danger of frost damage. However, due to the increasing spring temperatures there was
no significant trend in frost damage risks of boreal trees over the last 100 years.

Qak forest responses to chronic precipitation change over one decade. Hanson, P.J. (Oak Ridge National
Laboratory, USA; hansonpj@ornl.gov), Johnson, D.W. (University of Nevada, USA; dwj@ cabnr.unr.edu),
Waullschleger, S.D. (Oak Ridge National Laboratory, USA; wullschlegsd@ornl.gov).

Changes in regional precipitation expected to result from increasing global temperatures are predicted to have a major
effect on the composition, structure and productivity of forest ecosystems. Since 1993, catchment-scale manipulations
of precipitation inputs (-33 or +33% throughfall) to an upland oak forest have been conducted. Photosynthesis,
conductance, and canopy water use can be reduced from 30 to 50% under soil water deficits, and dormant season
carbohydrate storage pools dropped below 10% following severe droughts. However, evidence for the translation of
such physiological responses to change in tree basal area growth is lacking for trees greater than 20 cm diameter. This
resilience results from an observed disconnect between early-summer tree growth phenology and late-season drought
occurrence. Contrary to our expectation, long-term annual leaf production for the dry treatment exceeded that of the
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wet and ambient treatment plots by 20%. This difference is hypothesized to result from excessive leaching of beneficial
plant elements, and is supported by measured increases in cation concentrations in the soil solution leaching from plots
with elevated acidic precipitation. Finally, reduced and increased seedling survival associated with dry versus wet
precipitation regimes has been observed and has implications for the long-term diversity of eastern forest systems.

Demonstration of the direct importance of plant photosynthates for soil processes. Hogberg, P. (SLU, Sweden;
Peter.Hogberg @sek.slu.se), Hogberg, M.N. (Sweden).

Large-scale forest girdling reveals the close and immediate link between soil processes and recent plant photosynthates. In
boreal forests, summer-time soil respiration rates have been reduced by up to 50-65% shortly (weeks-months) after girdling.
These figures represent underestimates of the autotrophic soil respiratory pathway, since girdled trees consume root sugars
and starch at an accelerated rate. Girdling also causes an accelerated supply of substrates like dead roots and mycorrhizal
fungal mycelium to heterotrophs. Fertilized forests and forests in region with higher natural nutrient supply and/or significant
N deposition show a smaller response to girdling. This is in accordance with plant allocation theory, which predicts reduced
partitioning to roots and mycorrhizal fungi under such conditions. The few studies of broad-leaved forest indicate that these
may be less responsive to girdling, possibly because they store more non-structural C in their roots. In boreal and temperate
coniferous forests a number of studies report 50% reductions in dissolved C, an important source of labile C for the soil
microbial community. The drastic decline in soil activity after girdling also supports the argument that rates of fine root
turnover may previously have been over-estimated, as suggested by recent large-scale C isotope labelling experiments.

Effects of management on carbon fluxes: Results from a chronosequence study using eddy covariance
measurements. Lindroth, A. (Lund University, Sweden), Grelle, A. (SLU, Sweden), Lankreijer, H., Lagergren, F.,
Molder, M. (Lund University, Sweden).

The effect of management on carbon fluxes was studied by measuring net ecosystem exchange by eddy covariance in

a chronosequence of four different coniferous stands in central Sweden. The stands were of age 30, 60 and 100 years. The
clear-cut was harvested in the winter just before the first measurements began. The 30- and 60-year old stands showed the
largest net uptake rates of C, the clear-cut released intermediate amounts, and the 100-year old stand was least. The 30- and
100-year old stands showed the highest gross primary production (GPP), followed by the 60 years-old stand and the clear-
cut. The reason for the lower productivity in the 60 years-old stand was probably because of lower nutrient availability in
the soil manifested through a slightly higher C/N ratio. The total ecosystem respiration was highest in the 100-year old
stand. The relationship between total biomass increment and GPP was linear with a regression coefficient of 0.2. The
results clearly show a very large impact of management on the carbon balance and the conclusion is that for up-scaling and
for estimation of total carbon balance of the whole rotation, the age effect must be considered.

Experimental soil warming effects on forest soil CO: release: A new measuring system with high temporal
resolution. Schindlbacher, A., Zechmeister-Boltenstern, S., Jandl, R. (University of Natural Resources and Applied
Life Sciences, Austria; andreas.schindlbacher@bfw.gv.at).

Global Warming is predicted to increase soil respiration and may thereby lead to positive feedback effects through additional
CO; emissions from soils. Experimental soil warming is an approach to investigate whether the respiration increase lasts only
short term or causes long term changes in soil CO, emissions. For this purpose we installed a fully automated soil warming
(+ 3 °C topsoil) and CO:; flux (15 closed dynamic chambers) measuring system in a mixed forest stand in the Austrian
limestone Alps. Heating cables were installed in the topsoil using special developed tools to minimize soil disturbance. Soil
CO: fluxes are measured on heated and control plots. To estimate the contribution of root respiration some heated and control
plots were trenched (roots were cut). Soil respiration is measured continuously over 24 hours in the snow free season and
biweekly during wintertime. This high temporal resolution allows us to investigate the effects of rapid changes in soil
temperature, moisture and aeration on CO, emissions. Rapid changes can be caused by rainfall events that often occur in

this area. The high temporal resolution should also result in a better annual estimate of soil CO, emissions for our site.

The “timeless field experiment.” Can we design studies that will endure? Schoenholtz, S., Powers, R.F. (USDA
Forest Service, USA; rpowers @ c-zone.net).

Long-term field studies in agronomy date to the 1800s and are world treasures. Yet, forestry lacks a strong parallel.
Despite the value of forests, much of our theory on how they behave rests on retrospective and chronosequence studies,
not on experiments lasting decades. Such studies can only address a narrow set of issues that may not be relevant today
or tomorrow. Furthermore, projections from such studies have unknown variance and lack portability. Experiments
have failed for many reasons. Plots often are small and edge effects soon become great; replication is not adequate to
deal with catastrophe; treatments are too limited to address many issues; the study may not attract other disciplines. To
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endure, plots and treatments must be large enough to address multiple issues now and in the future, replication must be
sufficient to handle ‘demonic intrusion,” multiple disciplines should be involved in both planning and research, and
commitment must be passed through generations. Several examples are given from the United States.

Predicting time-since-fire using forest inventory data: A case study in the boreal forest of Saskatchewan,
Canada. Schulz, R., Marshall, P., LeMay, V. (University of British Columbia, Canada; rschulz@interchange.ubc.ca;
peter.marshall@ubc.ca; valerie.lemay@ubc.ca).

Traditional approaches to determining time-since-fire in forest landscapes require interpretation of aerial photographs and
dedicated field sampling. Time-since-fire data are used to calculate disturbance patterns and other metrics (e.g., fire
frequency) required by landscape ecologists. If other sources of information, such as forest inventories, could be used to
predict reliable time-since-fire data, it could greatly reduce the cost of acquiring these data. This paper presents the results
of a case study applying spatially-explicit modelling techniques, together with forest inventory data, to predict and
evaluate time-since-fire data for a boreal mixed-wood forest in northwest Saskatchewan. The results appear promising, but
as of yet are not sufficiently precise to replace traditional, field-intensive approaches to obtaining time-since-fire data.

Climate change and tree resistance to insects and pathogens

Organizers: Francois Lieutier Université d’Orléans, France; francois.lieutier @ univ-orleans.fr, and Mike
Wagner North Arizona University, USA; mike.wagner @nau.edu

Regeneration after clear-felling Pinus sylvestris stands infected by Gremmeniella abietina. Bernhold, A., Hansson,
P., Witzell, J. (Swedish University of Agricultural Sciences, Sweden; Andreas.Bernhold@ssko.slu.se).

The pathogen Gremmeniella abietina is the causal agent of Scleroderris canker on Pinus sylvestris. Recently, Sweden
has suffered the greatest epidemic ever recorded, with more than 450 000 ha infected pine stands. No general
guidelines on management of infected slash or on regeneration after sanitation fellings have been made. Two studies
concerning management of P. sylvestris stands infected by G. abietina have, however, been initiated in 2001-2004. In
the first study, vitality and survival of G. abietina on slash after clear-felling was studied in middle-aged P. sylvestris
stands. Shoots were collected from infected slash at regular intervals after sanitation fellings. Vitality was then tested
by studying spore (conidia) germination rate. The preliminary results show that Gremmeniella abietina remain viable
(98-100% germination after 72 h on fruit juice agar at 15 °C) up to 18 months in slash on the ground. In the second
study, infection rate of P. sylvestris seedlings planted after clear-felling Gremmeniella-infected P. sylvestris is studied in
plantations with and without removal of infected slash. The results of these studies will be important in developing
management guidelines for Fennoscandian forest owners in the future.

Environmental stresses and tree resistance to defoliators. Bjorkman, C., Larsson, S. (Swedish University of
Agricultural Sciences, Sweden; christer.bjorkman@entom.slu.se).

Raising temperatures and other environmental changes, as an effect of a presumed global change, will affect all
biological organisms, including trees. Depending on the present conditions, such environmental changes may result in
trees that are more or less stressed. The stress level of trees affects their quality as food for defoliators. If the quality
improves and defoliators are affected positively, it may be due to a decrease in tree resistance. Here, I briefly review
how different environmental changes (e.g., temperature, precipitation) may affect the resistance of trees against
defoliation. Different types of tree resistance mechanisms will be covered. A complicating factor when trying to predict
how defoliators are affected by environmental changes is that many factors interact with each other. For example,
different plant resistance traits may respond differently to the same environmental stress and natural enemies of the
defoliators may be oppositely affected. Acknowledgement of these interactions and identification of the most
significant ones will be important steps when choosing pathways for future research.

Factors associated with the susceptibility of elms (Ulmus spp) to the elm leaf beetle. Bosu, P.P. (Forestry Research
Institute of Ghana, Ghana; pbosu@forig.org), Wagner, M.R. (Northern Arizona University, USA; mike.wagner @nau.edu).

Siberian elms (Ulmus pumila) are extensively planted as shade trees in the dry and windy urban environments of
northern Arizona. However, Siberian elms are highly susceptible to defoliation by the elm leaf beetle (Pyrrhalta luteola
Miiller). In order to provide alternatives to the planting of Siberian elms 32 elm species, cultivars or hybrids were
evaluated in an experimental elm plantation established in the city of Holbrook, Arizona, during 1999-2001. Species or
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hybrids that sustained higher mean overall defoliation (15-46%) included U. pumila, U. glabra, ‘Regal’, ‘Sapporo
Autumn Gold’, ‘New Horizon’, ‘Charisma’, ‘W2115-1" elm, and ‘Homestead’. Chinese elms (U. parvifolia) and the
American elm (U. americana) cultivar Valley Forge were much less susceptible to elm leaf beetle defoliation than
Siberian elm. The remaining elm taxa were intermediately susceptible. Analyses of leaf anatomical and nutritional
traits indicated that trichome density as well as concentrations of iron, phosphorus, manganese and soluble nitrogen
might be involved in elm resistance to elm leaf beetle defoliation.

Drought and tree resistance to insects and pathogens: general concepts and illustration with results from
experiments with the complex pine-bark beetles-associated fungi. Dreyer, E., Guerard, N., Croise, L. (INRA,
France; dreyer@nancy.inra.fr), Lieutier, F. (Université d’Orléans, France, francois.lieutier @univ-orleans.fr).

Drought has long been considered as a major predisposing factor able to increase the susceptibility of trees to attacks by
insects or to fungal diseases. Such assumptions are based mainly on observations in forest stands, where dry years are
frequently followed by large damage to the trees by insects or fungi, due to either increased insect populations or inoculum
in the environment, and or to decreased resistance of the trees. While a large bundle of data supports the occurrence of
increased insect populations after dry years, there is still no clear-cut experimental evidence for drought induced-changes in
the susceptibility of the trees. Moreover, we do not yet have a clear view of the physiological basis for such potential
changes. During this presentation, several conceptual models predicting a modulation of tree resistance by water availability
will be briefly addressed. The discussion will be based on results from several long term experiments with Scots pine trees
submitted to controlled constraints, and inoculated with a range of fungi associated to bark beetles.

Evaluation of long term performance of 3-PG. Fontes, L., Tomé, M., (Universidade Técnica de Lisboa, Portugal;
luisfontes @isa.utl.pt; magatome @isa.utl.pt), Pretzsch, H., Roetzer, T., Landsberg, J.J. (Technische Universitat
Munchen, Germany,; H.Pretzsch@lrz.tum.de; Thomas.Roetzer @lrz.tu-muenchen.de).

Process-based models (PBMs) are based on the physiological processes that determine tree growth and can, in theory,
provide estimates of the potential productivity for sites with no previous mensurational data. In addition, PBMs can evaluate
the effects of fertilization or thinning, or the impact of pests and diseases or provide information to evaluate the probable
effects of climate change on forest growth. The model developed by Landsberg and Waring 3-PG (Physiological Principles
Predicting Growth) has been used for a wide range of species and sites worldwide. However information on the performance
of the model using long climate and growth data series is scarce. Available data for Picea abies with more than 100 years of
growth in Bavaria were used to evaluate long term performance of 3-PG. Calibration was based on sites with the highest and
lowest productivity existing in the available data set. Long term monthly climate data series from conventional
meteorological stations was used. Long term performance of the model through the predicted growth, based on climate
evolution, is an attempt to produce better knowledge of the ability of 3-PG to predict the impact of climate on forest growth.

Role of temperature and host association in shaping the distribution range of two closely related species of bark
beetles. Horn, A. (Université d’Orléans, France; Agnes.Horn@univ-orleans.fr), Kerdelhué, C., Sauvard, D. (INRA,
France; Carole.Kerdelhue @pierroton.inra.fr; Daniel.Sauvard@orleans.inra.fr), Lieutier, F. (Université d’Orléans,
France; Francois.Lieutier @univ-orleans.fr).

Tomicus piniperda and Tomicus destruens are closely related bark beetle species that weaken various pine species,
through maturation feeding in the shoots. Trunk attacks by the Mediterranean 7. destruens are responsible for heavy
damage, while the Palaearctic T. piniperda seldom Kkills trees. Because of climatic changes, T. destruens could increase
its range further north, thereby threatening non-Mediterranean pines. However, little is known about the distribution,
host range and ecological characteristics of both species. Our goals were to (i) determine the distribution range and
host spectrum of 7. piniperda and T. destruens, using systematic sampling and molecular identification; (ii) assess their
development capacities at different temperatures, to understand how their distribution ranges could be affected by
global warming; and (iii) test their development capacities on different hosts, to assess if they could attack new pines if
their distribution range changed. We found parapatric distributions of the beetles, with few sympatric populations on
Pinus pinaster. The survival rates of both species at low temperatures were significantly different. Low temperatures
could thus be a factor limiting the spread of 7. destruens. Moreover, this latter species could develop on non-
Mediterranean pines. Its progression further north could thus be a threat for pine forests.

Fungi associated with bark beetles (Coleoptera: Scolytidae) on Norway spruce in Slovenia. Jurc, M.
(University of Ljubljana, Slovenia; maja.jurc @bf.uni-lj.si).

The results of research on fungal populations associated with four bark beetles species (Ips typographus, Pityogenes
chalcographus, Dryocoetes autographus, and Orthotomicus laricis) colonizing Norway spruce (Picea abies) are
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presented. The bark beetles were collected in autochthonous stands of Norway spruce: I. typographus from under the
trunk bark, P. chalcographus from the branches, and the latter two species from under the bark of stumps. For each of
the four bark beetles, two logs of uninfested trees were inoculated with a total of 36 randomly chosen, live and crushed
beetles (18 per log), and with four control inoculations without insects. After three weeks of incubation, tissue samples
were removed from each inoculation point and 35 different taxa of fungi were isolated on MEA. Most of the fungi
were from the group Deuteromycota and were not pathogenic. The role of particular fungal species in host-beetle-fungi
complexes is discussed. The results demonstrate the role of such relationships in nature and that they should be taken
into account in forest management practices.

Ecological assessment and sustainable management of cypress under climate change conditions in the Italian
Alps. La Porta, N. (IASMA, Italy; nicola.laporta@iasma.it), Battisti, A. (University of Padua, Italy;
andrea.battisti@unipd.it), Raddi, P. (CNR, Italy; paolo.raddi@ipp.cnr.it).

Cypress is one of the major tree species that emphasizes the landscape component of a territory. Cypress canker caused
severe damage in Italy, and in the Alps, and for a long time prevented the use of this species in forestry and as an
ornamental planting. The main point of this work is to study the potential of cypress cultivation at the northern end

of the range of this species, under conditions of continuous climatic change, which may favour the spread of this
Mediterranean conifer. The objective was to maintain and protect standing cypress populations and increase dispersion
of this species in suitable Alpine environments. The work is based on three key points,1) phytosanitary assessment of
the cypress and evaluation of genetic variability in the local fungus/host system, 2) understanding the dynamics of the
spread of disease by insects and the causative factors, and 3) adapting resistant clones that were patented in previous
research programs. Such clones were developed under Alpine environmental conditions, and were selected for canker
resistance, cold tolerance, insect attractiveness, and ecological sustainability in plantations.

Living on the edge: Eucalypt resistance to stem borer attack in subtropical Australia. Lawson, S., McDonald, J.,
Aigner, R. (Department of Primary Industries and Fisheries, Queensland, Australia; simon.lawson@dpi.qld.gov.au;
janet.mcdonald@dpi.qld.gov.au; rebeccah.aigner@dpi.qld.gov.au), Carnegie, A.J. (Department of Primary Industries,
New South Wales, Australia; angusc@sf.nsw.gov.au).

Plantations of Eucalyptus spp. in subtropical eastern Australia are subject to damage by a wide range of insect pests.
Increased stress, particularly through drought, predisposes trees to higher risk of insect damage. Stem-boring insects,
such as longicorn beetles and cossid wood moths, have potentially severe impacts on plantation productivity through
their negative effects on establishment and wood quality. These stem borers are regarded as one of the key pests of
eucalypt plantations established in northern New South Wales and southeastern Queensland since the mid 1990s. This
region of Australia has been severely impacted by widespread and long-lasting drought in recent years, and climate
change models have suggested that the trend toward more frequent and longer episodes will continue. The biology of
these borers appear to be well synchronized to successfully colonize trees by utilizing periods when trees are under
greatest moisture stress, and the incidence and severity of attack has increased under these conditions. The relationship
between climate change, tree response to stress and future management options for these insects will be discussed in
terms of the expansion of eucalypt plantations in subtropical Queensland and New South Wales.

Environmental stresses and tree resistance to bark beetles. Licutier, F. (University of Orleans, France;
francois.lieutier @univ-orleans.fr).

A review is presented on the proven effects that various climatic factors have on conifer resistance to bark beetles. The
considered factors include water stress and nutrient availability, as well as other environmentally damaging agents such
as wind, lightning, fire, and pollution. For some of them, the level of stress is also taken into account. Comments are
made on the validity of certain parameters as indicators of tree resistance or efficacy of its mechanisms. Then, all
reliable results are synthesized in a table where effects on tree susceptibility and resistance level to bark beetle attacks
are presented, in parallel to effects on tree resistance mechanisms themselves, while separating the preformed from the
induced defences. Coherence of the results, gaps and particularities are discussed. General trends are presented,
especially regarding dose effects of stresses and possible interactions between factors.

Diversity of environmental effects on tree resistance to insects and pathogens. Niemeld, P. (University of Joensuu,
Finland; pekka.niemela @joensuu.fi).

Environmental effects on tree resistance to insects and pathogens exhibit highly diverse and conflicting patterns.
Among insect herbivores the strength and direction of the effect depends on the type of environmental factor (drought,
shading, pollution, N-enrichment, CO.,-enrichment, etc.), tissue type, tree species studied and on the feeding of the
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herbivore. Although there are fewer studies on the environmental effects of tree resistance against pathogens,
relationships between environmental factor, tissue type, and pathogen species seem to exist. Several factors may
explain the high diversity of effects. Response curves are not linear and, consequently, the strength of the effect varies
depending on the location on response curve. Changes in the secondary chemistry of trees depend on the functional
and hierarchical levels of plant metabolic pathways and on what kind of trade-off situations the environmental factors
create. In addition, high variation in responses to environmental factors may simply implicate conflicting pressures of
natural selection, maintaining high variation in tree resistance to herbivores and pathogens. Thus we can ‘turn the coin
around’ and interpret the variation in responses as an adaptation to changing and unpredictable environments.

Potential impact of climate change on plantation pest and disease problems in southern Africa. Roux, J.,
Wingfield, M.J. (Tree Protection Co-operative Programme (TPCP), University of Pretoria, South Africa;
Jjolanda.roux@fabi.up.ac.za; mike.wingfield@fabi.up.ac.za).

Together with host resistance and the pathogen, environmental conditions represent a key component of the so-called disease
triangle. Changes in any of these factors may result in disease. Increased temperatures can lead to extended periods of
drought and thus increased stress on trees. In Southern Africa, this results in increased mortality in Pinus spp. due to infec-
tion by the opportunistic pathogen, Diplodia pinea, as well as the wood wasp, Sirex noctilio. In Eucalyptus plantations under
stress, increased attacks of standing trees by the wood borer, Phoracantha semipunctata, and the pathogen Botryosphaeria
sp. can result in substantial loss. Changes in climate may also result in an increase in areas conducive to the biology of
certain pests and pathogens. For example, the Eucalyptus canker pathogen, Cryphonectria cubensis in South Africa is mostly
restricted to a small area along the east coast of the country. Climate change predictions, have, however, shown that an
increase in temperature will increase the possible areas of occurrence of this pathogen. In the future, it will become
increasingly important to consider the effects of climate change not only on the plantations but also on pests and pathogens.

Impacts of climate fluctuations and climate changes on forest tree pathogens in Europe. von Weissenberg, K. (University
of Helsinki, Finland; kim.vonweissenberg @helsinki.fi), Thomsen, LM. (Forest and Landscape Denmark; imt@kvl.dk), La
Porta, N. (IASMA, Italy, nicola.laporta@iasma.it), Capretti, P. (University of Florence, Italy; paolo.capretti@unifi.it).

In Europe terrestrial ecosystems are being subjected to changing environmental conditions on an unprecedented scale, both
in their rate and in their geographical extent. The ability of forest ecosystems to adapt to these rapid changes requires
fundamental knowledge of their responses to the forces of global change. Climate changes that increase frequency and
intensity of stress due to drought and higher temperatures will likely increase the frequency of several tree diseases in the
future. In the past, disease epidemics in forests have drastically changed species composition over vast areas. Present trends
show a decline in the health status of certain tree species such as silver fir, Norway spruce, pines, cypress, chestnut, elms,
oaks, plane tree, and alder over their ranges in Europe. Several examples of decline are not due to general climate changes,
but rather to man’s activities, local weather, and soil conditions. However, in the most recent cases, oak- and alder decline,
the contributing factors are not well understood, and changes in climate and ground water tables may be involved. Local
weather conditions that are advantageous to the pathogen and disadvantageous to the host are often involved.

Forest insect effects on forest productivity, management decisions,
and carbon sequestration

Organizer: David MacLean University of New Brunswick, Canada; macleand @unb.ca

A critical review of British Columbia’s response to a major forest pest epidemic. Adamson, D.G. (McGregor Model
Forest, Canada; dan.adamson@mcgregor.bc.ca), Andersen, E.R. (York University, Canada; eraconsulting@shaw.ca).

Mountain pine beetle (MPB), Dendroctonus ponderosae Hopkins, commonly attack and kill mature lodgepole pine,
Pinus contorta Dougl. ex Loud. However, with recent mild winters, dry summers, and abundant stands of pine in the
interior of British Columbia (BC), Canada, a significant outbreak has occurred with most age classes of pine being
killed. While outbreaks have been recorded in BC since 1910, the current outbreak is the largest insect epidemic in
known history, and is growing at 40% per year. It is estimated that $20 billion in timber is at risk, and economic
models forecast significant forestry job losses, with dramatic effects on rural forest-dependent communities. Issues
currently being researched include: management strategies, research and management capacity, municipal and
aboriginal community impacts, and forest policies and regulations. This MPB outbreak provides an excellent
opportunity to evaluate the response to a major stochastic event in light of past forest management practices and
policies (e.g. fire suppression). This poster focuses on the critical examination of our ability to: 1) undertake long-
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range forest planning, 2) respond to socio-economic impacts of forest-dependent communities, and 3) establish
research priorities and processes that guide desired future forest conditions that are challenged by climate change.

Disturbance of the boreal forest of Canada by the spruce budworm, Choristoneura fumiferana (Clem.). Alfaro,
R.1. (Natural Resources Canada; Rene.Alfaro@nrcan-rncan.gc.ca), MacLean, D.A. (University of New Brunswick,
Canada; macleand@unb.ca), Nealis, V., Shand, A. (Natural Resources Canada), Porter, K. (University of New
Brunswick, Canada).

The study of the long term historical extent, intensity, and frequency of forest disturbances provides a baseline against
which we can measure changes in current and future disturbance regimes. The spruce budworm, Choristoneura
fumiferana (Clem.) (Lepidoptera: Tortricidae), is a native defoliating insect of balsam fir (Abies balsamea (Linnaeus)
Miller and white spruce (Picea glauca (Moench) Voss) and a major disturbance agent of the Canadian boreal forest.
Damage is caused by the mature caterpillars, which consume the current foliage year after year. The Canadian Forest
Service established a network of ground plots in the Boreal forest, extending from New Brunswick to British Columbia
with the purpose of monitoring forest ecosystem changes at the stand and landscape levels due to repeated defoliation
by this insect. Data was collected on tree top-kill and mortality occurring as a consequence of budworm defoliation. In
addition we measured stand level ecological indicators, such as understorey composition, coarse woody debris
accumulation and wildlife tree population changes. Defoliation by the spruce budworm caused concern to forest
managers because of growth loss, stem defects, and tree mortality resulting from defoliation. In addition, biodiversity
values were affected as areas reserved for their old-growth characteristics were threatened by defoliation. Computer
simulation models were developed to assist managers in decision-making. Dendrochronological studies determined that
outbreaks of this insect are recurrent, however frequency and severity over the landscape were variable.

Possum damage in Pinus radiata plantations in south-eastern New South Wales, Australia. Carnegie, A J., Griffiths, S.
(NSW Department of Primary Industries, Australia; angusc @sf.nsw.gov.au), Winter, A. (formerly NSW DPI, Australia).

Forests NSW (NSW DPI) manages the largest estate of exotic Pinus plantations in Australia, with almost 200 000 ha of
mostly Pinus radiata. Of this, 35 000 are situated in south-eastern New South Wales (Monaro Region). Since the mid-
1990s the most significant forest health issue in this region has been damage from native marsupial possums, Tricosurus
vulpecula. Possums climb trees and peel back the bark to feed, resulting in top death. During routine forest health
surveillance from 1996-2004 the extent, incidence, and severity of possum damage in Monaro Region were recorded. The
total area of damage did not change significantly during this period, with approximately 10 000 ha affected. The number
of trees damaged (incidence) was similar from 1996-1999, but decreased steadily from 2000-2004. Trees 7—-15 years old
suffered the most severe damage, with the top 25-33% of the tree killed. Affected compartments in this age-class range
averaged 10% incidence of new damage in 1996, 1997, 1998, and 1999. Older trees had less severe damage (<25% tree
killed) and lower incidence. Compartments adjacent to native forest and retention strips suffered greater damage. The
impact on merchantable wood and management options to reduce possum damage are discussed.

Herbivorous insects as determinants of carbon dynamics in forests. Carroll, A.L., Kurz, W.A. (Natural Resources
Canada, Canada; Allan.Carroll@nrcan-rncan.gc.ca; wkurz@nrcan-rncan.gc.ca).

Herbivorous insects comprise one of the primary sources of disturbance within boreal and sub-boreal forests. Periodic
epidemics, causing growth reduction and mortality of trees over large areas, influence the source-sink dynamics of
forest carbon sequestration. Due to their poikilothermic nature, the life history of insects is largely defined by their
thermal habitat. Warming, from climate change is expected to increase the per capita growth rate of many forest insect
populations and exacerbate their impact on carbon fluxes. Given the capacity for herbivorous insects to respond rapidly
to changing climates and their potential to impact forests over vast areas, there is concern of elevated herbivory causing
increased release of atmospheric carbon. The influence of forest insects on carbon dynamics will only be relevant to
climate change if it manifests as a net increase in insect impacts over time—an increase beyond the historic range of
variability in the frequency, severity, and distribution of insect epidemics along with their interactions and feedbacks
with other biotic and abiotic components of the environment. Carbon losses within the historic range are likely off-set
by regrowth of forests affected in earlier years. Using examples from North America, we will discuss the potential for
insect herbivory to affect carbon source-sink dynamics in forests.

Static insect trapping system an asset to forest management. Griffiths, M.W., Ramsden, M., Bashford, D.
(Department of Primary Industries and Fisheries, Queensland, Australia; Manon.griffiths @dpi.qld.gov.au).

A static insect trapping program was initiated within Queensland’s exotic (Pinus) plantation estate in 2004.
Forestry Tasmania developed an urban/plantation trap design and surveillance system, which is currently in use
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and expanding to all entry points in Tasmania. In Queensland, this trapping program, which complements the
general forest health surveys, was set up within the Beerburrum, Fraser Coast, and Ingham management areas. The
system incorporates the use of one intercept panel and three Lindgren 12-funnel traps (wet type) using ethanol and
alpha-pinene lures respectively, at each of five sites within the management areas. The funnel traps are set up in

a triangular configuration located five meters apart, with fresh damaged timber billets placed centrally within this
triangle. The intercept trap is located 30 m from the funnel traps. These traps and lures act as generalist attractants
for known and previously undetected economic pest species, drawing from over a 100-200 m radius. Target captures
are Scolytids, Buprestids, Cerambycids, Anobiids, Curculionids, and Sirex. Knowledge of known species and their
population fluxes at each trap station will provide data on catch efficiency and confidence that new or unknown
species will be captured. Capture data obtained from this system will assist in the sustainable management of the
plantation estate.

Sirex wood wasp—a threat to tropical pines? King, J. (Department of Primary Industries and Fisheries,
Queensland, Australia; judy.king @dpi.qld.gov.au), Kent, D. (Department of Primary Industries NSW, Australia),
Fitzgerald, C.J. (Department of Primary Industries and Fisheries, Queensland, Australia).

Sirex wood wasp (Sirex noctilio) is a destructive introduced pest of Pinus radiata, the main exotic softwood plantation
species in southern Australia—New South Wales, A.C.T., Victoria, South Australia, and Tasmania. Sirex was detected
in mainland Australia in 1962, and posed a major threat to the softwood industry. Despite implementation of

a biological control program, Sirex spread, and is now close to Queensland. The Queensland exotic softwood plantation
estate is mainly Pinus caribaea, P. elliottii, and P. caribaea x P. elliottii F1 and F2 hybrids. The Sirex susceptibility of
P. caribaea and these hybrids, and their potential to host its biological control agents were unknown, and the threat to
plantations could not be assessed. We investigated the susceptibility of P. caribaea and the hybrids to Sirex infestation.
Insectary experiments: billets were exposed to Sirex wasps and parasitoids emerging from field collected P. radiata
billets (billets were stored until emergence). Field experiments: newly emerging mated females were caged on standing
P. caribaea and the hybrids in a plantation (the trees were harvested after 3 months and destructively sampled). Some
billets were retained in the insectary for later investigation. We discuss susceptibility, parasitoids and nematodes,
development times, and implications for management.

Western poplar clearwing moths in intensively managed hybrid poplars: effects on production
and control strategies. Kittelson, N.T., Hannon, E.R., Brown, J.J. (Washington State University, USA;
nealk@wsu.edu).

The western poplar clearwing moth (Paranthrene robiniae [Hy. Edwards]) (WPCM) has recently become the most
economically significant pest of irrigated hybrid poplars grown in southeastern Washington and northeastern Oregon.
The WPCM is a wood-boring moth that attacks all ages of poplars. Newly planted trees are the most susceptible to
damage from the WPCM. Larvae bore into the base of the new trees and girdle them, weakening the base, making the
trees susceptible to breakage due to wind. Portions of newly planted fields have required replanting up to three times
because of WPCM. Damage from the WPCM has caused up to 25% loss of new plantings. Conventional pesticides are
ineffective in controlling WPCM because most of its lifecycle is spent as larvae inside the tree. In 2003, we
implemented a mating disruption control strategy, which has increased the establishment of newly planted trees and
significantly reduced the amount of damage caused by the WPCM. We report on damage caused by the WPCM, the
effect this damage has had on the hybrid poplar industry in this region, and the result that mating disruption has had on
the WPCM and irrigated hybrid poplars.

Carbon allocation to resin ducts or to monoterpene production? Lamontagne, M., Abwe Wa Masabo, M.
(Université de Moncton, Canada; mlamont@umce.ca).

Monoterpenes play an important role in the defensive system of balsam fir, Abies balsamea, as a feeding deterrent to
spruce budworm, Choristoneura fumiferana. The goal of this project, initiated in 2002, was to determine the
anatomical causes of variation in leaf structure, photosynthesis, and monoterpenes concentrations along canopy profiles
for current foliage of juvenile and mature balsam fir. Total monoterpenes (% dry weight) were not significantly
correlated to maximum photosynthetic capacity. Total monoterpenes decrease significantly with increasing resin duct
volume and were probably diluted in other defensive compounds such as phenol and resin. Total monoterpenes were
significantly higher in mature than in juvenile trees. Resin ducts were significantly larger in juvenile than in mature
trees. Moreover, for all canopy levels, resin ducts in the needles of the apical branchlet were significantly larger than in
adjacent axillary branchlets of the same branch, suggesting an apical control on growth and differentiation. These
results suggest that one should take into account dilution effects in resin ducts to explain the susceptibility of juvenile
and vigorous trees to spruce budworm.
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Insect effects on forest management decisions: the role of Decision Support Systems. MacLean, D.A. (University
of New Brunswick, Canada; macleand@unb.ca), Gottschalk, K. (USDA Forest Service, USA; kgottschalk@fs.fed.us),
Shore, T., Porter, K. (Natural Resources Canada).

From 1975-2000 in Canada and 1980-2000 in the United States, forest insects caused 709 million ha and 167 million ha,
respectively, of moderate-to-severe defoliation or beetle-killed trees. Of the 234 million ha of commercial timber in Canada,
more area is depleted by fire and insects (0.5%/yr) than is harvested (0.4%/yr). Forest managers need tools to predict insect
outbreak occurrence and effects on forest development to ensure that timber supply will be present at the expected time of
harvest and to utilize silviculture to reduce the severity of outbreaks. Insect Decision Support Systems (DSS) link
prediction and interpretation models to GIS, under a graphical user interface. DSS assist managers to predict insect effects
on forest structure and productivity, forecast sustainable harvest levels, optimize protection (biological insecticide)
programs, and use silviculture and harvest scheduling to restructure forests to reduce future damage. We review effects of
insects on forest management decisions and DSS for five major North American insect pests: spruce budworm
(Choristoneura fumiferana Clem.), mountain pine beetle (Dendroctonus ponderosae Hopk.), jack pine budworm
(Choristoneura pinus Freeman), forest tent caterpillar (Malacosoma disstria Hbn.), and gypsy moth (Lymantria dispar
[L.]). We also discuss use of natural disturbance regimes to guide appropriate forest management.

Development of an integrated management strategy to reduce the impact of Hypsipyla species (Lepidopetra:
Pyralidae) on African mahogany. Opuni-Frimpong, E., Karnosky, D.E.,, Storer, A. (Michigan Technological
University, USA; eopunifr@mtu.edu), Cobbinah, J.R., Ofori, D.A. (Forestry Research Institute of Ghana, Ghana).

African mahogany, Khaya ivorensis and K. anthotheca (Meliaceae: Swietenoidae), is threatened because of over-
exploitation and an inability to establish plantations because of Hypsipyla species that devastate young stands by
killing main stems, causing excessive forking and branching, and in worst cases, mortality. This study was undertaken
to identify tolerant provenances/genotypes to Hypsipyla attack and to explore different mixed planting systems to
reduce the impact of Hypsipyla. Seeds collected from the range of distribution of mahogany in Ghana were planted in
3 different ecological regions of Ghana and monitored for response to Hypsipyla attack. Data were collected on tree
height, diameter, height at first fork, number of branches, branches attacked, number of fresh attacks, and dead shoots,
and subjected to analysis of variance and means were compared among seed sources verses ecological regions by
Tukey’s multiple range test. The differences in all the parameters measured were significant among the different seed
sources—four genotypes were relative tolerant to persistent Hypsipyla attack. Mixed planting system studies indicated
that a 25% mix of K. ivorensis with Albizia, Terminalia and Cedrela gave the best results with <10% Hypsipyla attack.
Mixed stands with K. anthotheca showed no significant differences of Hypsipyla attack

Biology and management possibilities of invasive gall wasps (Hymenoptera: Eulophidae) in eucalyptus plantations
of the Mediterranean and north and central Africa. Protasov, A. (ARO, Israel; protasov@volcani.agri.gov.il), Saphir, N.,
Brand, D. (JNF, Israel), Blumberg, D., Assael, F., Mendel, Z. (ARO, Israel; zmendel@volcani.agri.gov.il).

Within 4 years, two eucalyptus gall wasps, Leptocybe invasa Fisher & LaSalle and Ophelimus sp., have invaded large areas
around the Mediterranean and Africa causing severe damage to afforestation projects and to the eucalyptus timber industry.
Damage has been reported from 15 countries in the area—the wasps are free from their principal natural enemies that occur
in Australia. Substantial injury caused by these species has been recorded to the principal eucalyptus species of the area:
Eucalyptus camaldulensis, E. globules, and E. grandis. Both wasp species induce galls on the leaf blade, the petiole, and the
twig. They are uniparental, displaying bivoltinuous development with a long overwintering period under cold Mediterranean
climate. Among the 80 Eucalyptus spp. tested, only those belonging of the sections Exsertaria, Latoangulata, and
Maidenaria, are susceptible. We discuss the life and seasonal histories of these species, their host plant range as well as the
development of short-term and long-term management, which include: 1) development and evaluation of short-term
management programs to protect newly established plantations and nursery stock, 2) search and selection of candidates for
classic biological control, and 3) breeding E. camaldulensis hybrids for resistance against these gall wasps.

Detection and control of infestation epicenters as a strategy for managing the teak defoliator, Hyblaea puera, at
a landscape level. Sudheendrakumar, V.V., Sajeev, T.V., Varma, R.V. (Kerala Forest Research Institute, India;
sudhi@kfri.org; tvsajeev@rediffimail.com; rvvarma@kfri.org).

The teak defoliator moth, Hyblaea puera, (Lepidoptera: Hyblaeidae) is the most serious pest of teak (Tectona grandis).
Outbreaks of this insect begin in small epicentres and spread progressively. The impact of controlling the epicentres on
subsequent outbreaks was studied in 8500 ha of teak plantations in Nilambur, Kerala, in 1999 and 2000. In 1999, twenty
epicentre populations ranging from 1-125 ha in area, covering a total of 375 ha were detected and controlled. Subsequent
to the control operations, an area of 7532 ha was found infested. The control operation was judged unsuccessful due to the
inefficiency of the sprayers used. In 2000, sixteen epicentre patches ranging from 0.12-5 ha in area, covering a total area of
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18.2 ha were detected and successfully controlled. Approximately 2640 ha of teak plantations were infested subsequent to
the control operations. A comparison of the area under teak defoliator infestation between years in which epicentre control
was carried out and the normal years (data on spatial dynamics generated under earlier studies in 1993 and 1998) indicated
that the pest incidence in 2000 was very low and significantly different from all the other years. The reduction in the area
under infestation is attributed to the control of epicentre populations.

Modeling the impact of exotic pests on the New Zealand forest sector and its major trading partners. Turner,
J.A. (New Zealand Forest Research Institute, New Zealand; james.turner@forestresearch.co.nz), Buongiorno, J., Zhu,
S. (University of Wisconsin-Madison, USA; jbuongio@facstaff.-wisc.edu; sszhu@yahoo.com), Prestemon, J.P. (USDA
Forest Service, USA; jprestemon@fs.fed.us).

The New Zealand forest industry, based on highly productive plantation forests, is an important contributor to the
domestic economy. A significant threat to New Zealand’s forest industry is the introduction of exotic pests. As well as
the direct economic impact due to forest loss, revenue declines for commercial forestry arise indirectly from reduced
exports of raw logs and sawn timber due to phyto-sanitary regulations and trade bans imposed in export markets. This
paper presents an economic model, the Global Forest Products Model (GFPM), which can be used to assess the impact
of pests on the New Zealand forest sector and its major trading partners. The GFPM is a spatial partial-equilibrium
model, which gives projections of production, consumption, and trade for 14 forest products, forest stock and forest
area, and welfare for each of 180 countries. As well as assessing the impact of forest loss due to exotic pests, GFPM
can also estimate the effect of measures to mitigate pest impact in New Zealand’s export markets. These measures
include trade bans, phytosanitary regulations, and tariffs. Comparing the projections for different scenarios made with
the GFPM enables assessment of the full impact of exotic pests on the New Zealand forest sector.

Forests between air pollution and climate change
Organizer: Elena Paoletti National Council of Research, Italy; e.paoletti@ipp.cnr.it

Ecological evaluation in Alpine forest ecosystems by Integrated Monitoring: Long-term observations. Ambrosi,
P., La Porta, N., Maresi, G., Salvadori, C., Valentinotti, R. (IASMA, Italy; paolo.ambrosi@ismaa.it;
nicola.laporta@iasma.it; giorgio.maresi@iasma.it; cristina.salvadori@iasma.it; ruggero.valentinotti @iasma.it).

Woodland protection studies in Trentino (North Italy) began at the end of the 1970s in relation with the acute emergency of
forest decline. First observations concerning yellowing needles and crown transparency were carried out together with
general survey of known pathologies. Since 1992 investigations were focused on the application of a forest monitoring
system in two selected areas (Lavaze, Pomarolo) under the UN-ECE-ICP program. The interdisciplinary program of
integrated monitoring aimed to investigate the state and the biodiversity of alpine natural-like structure forests in relation to
air pollution effects, anthropogenic stresses, climate changes and trophic-energetic balances. Air pollution effects were not
detected and did not influence the evolution and homeostasis in the investigated plots. Presence of pathogens and pests
appeared quite constant and damages seemed to be very localized. Actually climate change could be considered as a major
constraining factor for forest health, both in short- and long periods. Repeated stresses appeared very effective in
conditioning wood development and stability and in enhancing the aging process in many stands.

Integrated effects of air pollution and climate change on forests: A worldwide perspective. Bytnerowicz, A.
(USDA Forest Service, USA; abytnerowicz @fs.fed.us), Omasa, K. (University of Tokyo, Japan; aomasa@mail.ecc.u-
tokyo.ac.jp), Paoletti, E. (National Council of Research, Italy; e.paoletti@ipp.cnr.it).

Global Change has become a decisive environmental issue in our time. Together with land use change, both air pollution
and climate change are part of Global Change. The main force of climate change is the increase in atmospheric CO.
concentrations. Carbon dioxide and air pollutants mostly come from the same sources. As a result, global forests are
growing in a changing atmospheric environment. Approaches to understand present and future forest health should integrate
the effects of air pollution and climate change on forests. Here we review the research and monitoring situation in Europe
(European Union), North America (USA and Canada) and Asia (main focus on Japan and China) as far as forest response
to air pollution and climate change is concerned. After reviewing present legislation, past trends and future scenarios about
air pollution (tropospheric ozone, nitrogen oxides, volatile organic compounds, sulphur dioxide, acidic deposition) and
climate change (CO, and other greenhouse gases), an overview of the main research projects and existing forest monito-
ring initiatives is provided. Our aims are: to assess the usefulness of these initiatives; to discuss the policy for funding
environmental research; and to provide options for common research and monitoring approaches on a worldwide basis.
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Community characteristics and species diversity of Cupressus funebris community in the Three Gorges
Reservoir area of China. Cheng, R., Xiao, W.-F., Shi, Z. (Chinese Academy of Forestry, PR. China;
chengrm@forestry.ac.cn).

Three Gorges Reservoir Area is located in the moist sub-tropical region of China; the total area is about 54,000 km?,
and Cupressus funebris forest is one of the main types of vegetation. According to the data from 72 plots, the forest
was divided intol1 community types. The vertical structure of all community types is divided into tree layer, shrub
layer and herb layer. The indices of richness, diversity, and evenness of the different layers in all community types
followed the pattern of shrub layer>tree layer>herb layer. Due to the marked disturbance of human activities, no
pattern was found in altitude gradient. In recent years, especially, the population in this area has been increasing
heavily, but the natural resources are limited. Excessive exploitation of natural resources has resulted in degradation of
forests for crop cultivation, and excessive collection of plants for herbal medicine. At the same time, environment
pollution should not be overlooked; acid rain, for example, has been detected in this area and has affected the forest.

Global change stresses in northern hardwoods of Canada. Cox, R.M. (Natural Resources Canada, Canada;
Roger.Cox@nrcan-rncan.gc.ca), Zhu, X.B. (Natural Resources Canada, and University of New Brunswick, Canada),
Bourque, C.-P.A. (University of New Brunswick, Canada), Allen, D.J. (Natural Resources Canada, Canada), Arp, P.A.
(University of New Brunswick, Canada).

Global change includes dynamics of the changing physical and chemical climate in which our forests grow, coupled with
natural and man-made disturbances. These stresses or agents of change can act singularly, together, or in tandem and their
interactions need to be understood to accurately forecast impacts on productivity, functioning, and composition of our
forests. Experiments dealing with global change agents and their interactions will be reviewed in view of predisposition of
northern hardwoods to climate extremes or insect attack. Bioclimatic analyses of current and historical declines will also
be reviewed and their role in identifying and verifying key agents affecting northern hardwood resources will be
discussed. Determination of key agents and their effect thresholds is essential for the mining of climatic databases for
biologically relevant events that can form the basis of temporal and spatial correlation with observed dieback and decline.
An example of this approach with yellow birch decline will be presented, in view of the damage caused by freeze-thaw
events. The geographic extent of the most severe freeze-thaw events when compared with the extent of previously
observed yellow birch decline, showed a coincidence with 83% and was 55% of the geographic range.

Perspectives on assessing and monitoring the effects of air pollution and climate change on forests — more and
reoriented science is needed. Ferretti, M. (Linnaeambiente Ricerca Applicata, Italy; m.ferretti@linnaea.it), Bastrup-
Birk, A. (Danish Centre for Forest, Landscape and Planning, Denmark), Bytnerowicz, A. (USDA Forest Service, USA;
abytnerowicz@fs.fed.us), Percy, K.E. (Natural Resources Canada, Canada; Kevin.Percy@nrcan-rncan.gc.ca).

Since the 1980s, the concern generated by the potential for air pollution effects on forests has resulted in several monitoring
programs in Europe, North America and elsewhere. More recently, issues such as climate change and biodiversity loss
became important on the political agenda, resulting in a demand for data and information covering these additional topics.
However, reliable and scientifically defensible data can be achieved only through a robust design based on several scientific
issues, including forest ecology, plant physiology, statistics, and knowledge about the physical environment. Inappropriate
design may affect the credibility of the data, disrupt public confidence in forest monitoring, resulting in weakening of its
role in the forest resource management system. The paper aims to i) evaluate programs designed to monitor the effects of
air pollution and climate change on forests in Europe and North America, from different perspectives, ii) place this
evaluation in the context of the political relevance of monitoring programs, and iii) present a theoretical and practical
perspective on large-scale monitoring of the effect of air pollution and climate change on forests.

Tree symptoms in the changing environment: Bridging stress factors to physiological responses and visible
changes. Giinthardt-Goerg, M.S., Vollenweider, P. (Swiss Federal Research Institute WSL, Switzerland;
madeleine.goerg @wsl.ch; pierre.vollenweider@wsl.ch).

Plants have evolved various biochemical and structural adaptations to biotic (parasitic, herbivory) and abiotic (nutritive,
physical and geochemical) stress. In a changing environment, similar responses, but often in new combinations, are
implemented with beneficial or detrimental consequences to cope with the different anthropogeneous emissions and
changes to natural environmental conditions. Analyzing the structural and histochemical modifications can thus indicate the
stress agent itself or at least its target, defence or coping reactions, and the efficiency of the plant’s response. Accelerated
senescence is a general and unspecific plant reaction, whereas specific defence pathways (some of them resulting in
programmed cell death) are induced by a species-specific amount of pathogens and a restricted number of abiotic stress
factors. Detoxification by immobilizing contaminants away from sensitive assimilation and conducting tissues allows
adapted populations to survive in contaminated environments. Indications at cell level have to be understood to interpret the
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different types of visible symptoms and their localization within the tree. They will allow the observer to develop reliable
diagnostic tools for survey purposes. This paper reviewed stress factors, for which reliable bioindication is currently
available, and others, for which future research is needed to determine their role in environmental change.

Forests and carbon sequestration in a polluted environment. Jandl, R. (Federal Office and Research Center for
Forests, Austria; robert.jandl@bfw.gv.at).

The potential of forests to sustainably bind CO. for decades both in their biomass and the soils is not disputed. Research
topics are the size and stability of the involved C pools. The biomass retains C for decades and at high accumulation rates,
soils sequester more C at low rates. Natural site factors and air pollutants impair the utilization of the C sequestration
potential. Three pollutants,ozone,, nitrogen, and soil acidification, are chosen as examples. Elevated ozone concentrations
reduce the growth rate and the C transfer to the soil. Nitrogen deposition has a fertilization effect and increases the

C sequestration, but emissions of N>O from N-enriched forests are high. Liming of forest soils stabilizes the chemical soil
status and is beneficial for the chemical quality of drinking water from forested areas. The effect of a stimulation of the
nutrient cycle is linked to a reduction in the soil C pool. The three examples highlight that C sequestration in forests not
only depends on silviculture, but also on external factors (air pollution) and chosen remedies (liming).

Causes of changes in growth of European forests: Analysis of the roles of climatic factors and nitrogen nutrition.
Kahle, H.-P., Spiecker, H. (University Freiburg, Germany, Hans-Peter.Kahle @iww.uni-freiburg.de; instww @ uni-
freiburg.de), Pérez-Martinez, P.-J. (formerly University of Freiburg, Germany), Unseld, R. (University of Freiburg,
Germany; Ruediger.Unseld@iww.uni-freiburg.de).

Temporal trends and spatial patterns of height growth changes of Norway spruce (Picea abies L. Karst.), Scots pine (Pinus
sylvestris L.) and European beech (Fagus sylvatica L.) forests across Europe were analyzed in relation to changes in air
temperature and precipitation, and to levels of foliar nitrogen. Results show that mean height growth rates have significantly
increased during the period 1960 to 2000: 25.1% for beech, 24.8% for pine, and 22.8% for spruce. Based on yield table
assumptions these changes in height growth correspond to increases in total volume production of 74.0% for beech, 44.9%
for pine, and 56.4% for spruce. The level of height growth acceleration is fairly constant over the last 40 years. Mean height
growth acceleration rate of beech with higher N nutrition was more than two times larger than of those with lower N.

A similar tendency was indicated for pine, but not for spruce. The higher the site index, the lower the level of change in
height growth of pine and beech. A spatially explicit statistical model was developed to explain a significant amount of the
spatial variability in changes of mean height growth rate of spruce and pine across parts of Central and Northern Europe.

Physiological and genetic responses to ozone in trees growing under elevated atmospheric CO.. Karnosky, D.F.,
King, J., Darbah, J., Sober, J. (Michigan Technological University, USA; karnosky @mtu.edu, jsking @mtu.edu;
jndarbah@mtu.edu; jaak@newnorth.net), Sober, A. (Tartu University, Estonia; asober@ut.ee), Kubiske, M., Nelson,
N., Giardina, C. (USDA Forest Service, USA; mkubiske @fs.fed.us; ndnelson@fs.fed.us; cgiardina@fs.fed.us), Percy,
K.E. (Natural Resources Canada, Canada; kpercy@nrcan.gc.ca).

Atmospheric concentrations of CO, and O; are increasing such that large areas of the world’s forests will be exposed to
elevated levels of these co-occurring pollutants in the next century. Little is known as to the physiological or genetic
responses of forest trees to these interacting pollutants for the long term. We have examined the responses of three
northern forest tree species (Acer saccharum, Betula papyrifera, and Populus tremuloides) grown for their entire 7-year
life history in an open-air facility under two levels of CO. (360 ppm and 560 ppm) and O; (51 ppb and 77 ppb).
Results of the study showed that O; at relatively low levels offsets the increases in productivity caused by elevated CO..
Elevated CO. generally decreased the negative aspects of Os, except for sugar maple where the effects of O; were
exacerbated at elevated CO.. Allometry was not affected by either greenhouse gas, and responses were highly variable
by species and by clone within species (for aspen), resulting in changes in community composition. The long-term
interacting effects of CO, and Os were not all predictable based on previous single gas treatment responses.

A review of the interactive effects of nitrogen fertilization under elevated CO. concentrations, including new
insights from a FACE experiment on poplars. Scarascia-Mugnozza, G., Calfapietra, C., Sabatti, M., De Angelis, P.
(University of Tuscia, Italy, giuseppe.scarascia@ibaf.cnr.it), Kull, O. (University of Tartu, Estonia), Hoosbeck, M.
(University of Wageningen, Holland), Ceulemans, R. (University of Antwerp, Belgium).

Tree plantations for biomass and energy production have the greatest potential for carbon mitigation. However, the
Kyoto Protocol states that only direct human-induced changes in carbon stocks may be used as credit for the reduction
of emission targets. Therefore, the direct human-induced effect by carbon management should be separated from the
indirect effects due to global change (increasing CO., nitrogen deposition). Distinguishing these effects is very difficult
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with present scientific tools unless manipulative studies are conducted at the ecosystem scale as is the case of free air
CO:; enrichment (FACE) experiments. The present research combines a fast-growing, agro-forestry ecosystem, capable
of elevated biomass production, with a large-scale FACE infrastructure (EUROFACE), the only one available in the
European Union on a forest tree stand, and a differential N-fertilization treatment. Above-ground woody biomass of
trees exposed to elevated CO, for three growing seasons increased by 15 to 27%, depending on species. There was
greater depletion of inorganic N from the soil in elevated CO., but no effect of CO. on stem wood density.

N fertilization increased N leaf content both on mass and area basis and in both CO. treatments but did not influence
the photosynthetic parameters apart from enhanced stomatal conductance.

Defence and avoidance from ozone under global change. Tausz, M. (University of Melbourne, Victoria, Australia;
University of Graz, Austria; Michael.tausz @unimelb.edu.au), Wieser, G. (Federal Office and Research Centre for
Forests, Austria; gerhard.wieser@uibk.ac.at); Grulke, N.E. (USDA Forest Service, USA; ngrulke @fs.fed.us).

The level II approach of critical loads, a concept adopted by the UN-ECE, aims at a flux- based evaluation. For this
purpose, environmental factors (e.g., water status, ambient CO,) governing stomatal conductance are taken into account. It
is widely anticipated that these factors will vary in the future due to global change. According to the flux-based concept,

a decrease of stomatal conductance (e.g., due to increasing drought or elevated CO.) would protect trees from pollution
effects through avoidance of uptake. In contrast to this straightforward hypothesis, experimental evidence is not always
clear. There are numerous results suggesting that pollutants and factors subject to global change (drought, CO.) may
interact and even exacerbate effects. The stress physiological basis thereof is that the antioxidative defence system comes
into play, in protecting against pollution effects and natural stressors (e. g. drought). It has been suggested that an ‘effective
pollutant dose’, which is weighted by physiological defence capacity, would be more appropriate to predict such effects. In
this review paper, we argue that a merely flux-based approach is imperfect, because global change effects may also modify
the physiological susceptibility to ozone. Instead, a flux concept weighted by defence capacity should be tested.

Deposition monitoring in forest ecosystems in Croatia. Vrbek, B., Benko, M., Vuleti¢, D., Litvay, T., Dubravac, T.
(Forest Research Institute, Croatia; borisv@sumins.hr).

Systematic and elaborate multidisciplinary research on pedunculate oak and common hornbeam began in Croatia in
199,and the method of monitoring deposition in forest ecosystems was developed at that time. This method, which is
closely related to ICP-Forest monitoring, has included several forest communities. The following ions were monitored:
CI, SO#-S, NH.*-N, NOs-N, Na*, K*, Ca*, Mg*. Sampling was performed at 3-month intervals by means of funnels
with minimum openings of 314 cm? and the amount of precipitation was measured in rain gauges with a surface
opening of 60 cm?. Plastic lysimeters collected seepage at a depth of 10 cm or beneath the humus layer. The surface of
the collector-tubs (baths) is 1093 cm?. Monitored plot were established in forest communities of beech and fir (Abieti-
Fagetum illyricum/Ht.), submontanum beech (Homogino-alpine-Fagetum sylvaticae), Aleppo pine and evergreen oak
(Querco ilicis-Pinetum halepensis), evergreen oak (Querco ilicis), and pedunculate oak and common hornbeam
(Carpino-betuli Quercetum roboris). On experimental plots soil type was defined, and chemical and physical analyses
of samples were conducted. Results showed that our forest ecosystems absorbed more deposited particles (wet and dry
sedimentation) in comparison to control samples in the open area.

Determination of present and critical loads of nitrogen and acidic deposition and levels of ozone on Swiss long-term
forest ecosystem research plots. Waldner, P., Schaub, M., Pannatier, E., Schmitt, M., Thimonier, A. (WSL — Swiss Federal
Research Institute for Forest, Snow and Landscape, Switzerland; peterwaldner@wsl.ch; marcus.schaub@wsl.ch;
elisabeth.pannatier @wsl.ch; maria.schmitt@wsl.ch; anne.thimonier @wsl.ch), Rihm, B. (Meteotest, Switzerland;
rihm@meteotest.ch), Thoni, L. (FUB — Forschungsstelle fiir Umweltbeobachtung, Switzerland; fub@fub-ag.ch).

Air pollutants affecting forest health include increased acidic precipitation, increased atmospheric deposition of
nitrogen compounds and increasing surface levels of ozone (Os). In the frame of the 1985 Convention on Long Range
Transboundary Air Pollution (LRTAP) a network to monitor air pollution impacts has been established. Furthermore,
various research efforts have been undertaken to define critical values below which significant harmful effects on
specified elements of the forest ecosystems do not occur according to present knowledge. We compared different
methods to determine the present and critical loads and levels for 13 Swiss long-term forest ecosystem research (LWF)
plots. In general, a good agreement was found between an inferential and the throughfall method to determine
atmospheric deposition of nitrogen and sulphur. These deposition values have been compared to empirical critical loads
and also to critical loads calculated with a mass balance on the assumption of a steady state. Ozone levels during
vegetation periods have been measured with passive sampler and were compared to the critical threshold of 40 ppb
(AOT40). However, plant injury does not only depend on ozone concentration and we discuss the implications of
exceeding the AOT40 threshold in comparison with the ozone uptake, based on the flux concept.
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Understanding linkages between climate and forest fire
Organizer: David Peterson USDA Forest Service, USA; peterson @fs.fed.us

Correlation between meteorological data and fire occurrence in a Mediterranean area (Tuscany Region).
Conese, C., Bonora, L., Romani, M., Checcacci, E. (National Research Council, Italy; L.Bonora@ibimet.cnr.it), Tesi,
E. (Tuscany Region, Italy; e.tesi@regione.toscana.it), Marchi, E. (University of Florence, Italy;

enrico.marchi @unifi.it).

This paper presents a study exploring the correlation between meteorological conditions (temperature and
precipitation) and forest fire occurrences in the Mediterranean region during the high hazard period (75% of forest fires
occur between June and September, with a peak in August). The first step was an investigation of the correspondence
between the meteorological data trend and the fire ignitions from 1984-2002. The meteorological data were used to
define a Drought and Thermal Fire Hazard Index. These indices were matched with fires events in order to test and
verify their capability to define, in a forest ecosystem, the favourable conditions for fire ignition. In the second phase,
the severity of the fires that occurred were analyzed and used to adjust the Canadian Fire Weather Index and Fire
Potential Index so these indices would be applicable to Mediterranean conditions. The ignition risk derived from these
indices was compared with the statistics for each fire event, to develop an operational tool for the Regional Fire
Fighting Office. Using these tools, a retrospective prediction was undertaken for the 2002, 2003, and 2004 fire seasons.

Characterizing wildland fire fuels and risk in the southeastern United States of America. Mickler, R.A., Bailey,
A.D. (ManTech Environmental Technology, Inc., USA; robert.mickler@mantech.com; andrew.bailey @mantech.com).

Wildland fuels have been accumulating in the United States during at least the past half-century due to wildland fire
management practices and policies. The additional fuels contribute to intense fire behaviour, increase the costs of
wildland fire control, and contribute to ozone and particulate matter air pollutants. Wildfire risk assessments and fire
behaviour, smoke, and emission models can be improved with spatially and temporally explicit estimates of
vegetation cover and biomass. Additionally, land managers can identify forest units with the highest need for fuel
reductions by prescribed burning. This study reports on the assessment of wildland fire risk utilizing remotely
sensed vegetation maps, forest field plot data, and spatial models of live and dead vegetation fuel loading, fire
behaviour, smoke dispersion, and emissions. The vegetation classes were combined with field measurements of
standing live and dead trees, down deadwood, understory shrub and herbaceous vegetation, forest floor, and soil
carbon biomass using the United States Forest Service Forest Inventory and Analysis protocols. Our study
incorporates modified International Classification of Ecological Communities association level vegetation maps
created from 3-D digital photogrammetry, disturbance history, and field plot data, to accurately capture the
structural complexity of fuelbeds in US forests.

The contributions of tree physiology to understanding the effects of climate change
Organizer: Robert Teskey University of Georgia, USA; teskey @ smokey.forestry.uga.edu

Annual pattern of carbohydrate accumulation in Aleppo pine under different climatic conditions in Israel.
Brand, D. (Land Development Authority, Israel; davidb@kkl.org.il), Riov, J. (Hebrew University of Jerusalem, Israel),
Atzmon, N. (Agricultural Research Organization, Israel).

Understanding the ecophysiological characteristics of forest trees is an important tool for proper forest management.
Sugar and starch reserves are prominent factors in tree growth and development. Storage carbohydrates may serve as
osmoregulators during environmental stresses. The aim of the present study was to compare the carbohydrate
accumulation in two Aleppo pine (P. halepensis Mill.) provenances under contrasting climatic conditions, a semi-arid
zone and a typical Mediterranean zone. Soluble sugars and starch were determined monthly throughout the year in
needles, stem bark and roots. The data show two peaks of carbohydrate accumulation, which was quite similar in the
two climatic zones: one during the winter (soluble sugars in needles and starch in all three organs) and the second
during the summer (soluble sugars in the bark and roots). Carbohydrate accumulation during the winter can be
attributed to the effect of low temperature. Mediterranean species grown under low temperatures accumulate high
levels of carbohydrates; in summer, high accumulation of carbohydrate was attributed to water stress. Besides the
important role of carbohydrate accumulation in plant resistance to environmental stresses, the winter peak seems to be
utilized for the early spring flush, which is the most prominent one in this region.
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Quercus robur seedlings response to temporary irradiation. Creanga, [.A., Arteni, A.A., Artenie, V. (Territorial
Forestry Olffice, Romania; creanga52@yahoo.com).

Low doses of ionizing radiation (one of the so called temporal sources of pollution of our times) have been administrated to
oak seedlings with uniform genophond. The acute irradiation effects on assimilatory pigments, catalase activity, and nucleic
acid levels was investigated using spectrophotometric and chemical assays. In 3-month old seedlings, the assimilatory
pigment level was diminished, and the chlorophyll a/b ratio decreased, which suggests an inhibitory effect on the LHC II
system. The catalase activity was enhanced, revealing the plant capacity to adapt to the increased amount of hydrogen
peroxide (catalase substrate) related to the radiation indirect action. In 6-month old seedlings, the chlorophyll a/b ratio was
also slightly diminished. The catalase activity is linearly diminished, the biosynthesis processes being no more able to
compensate for the irradiation damages. The vegetal cell ability to face the radiation impact was proved, however, by the
increased level of nucleic acids (the intensification of DNA and RNA biosynthesis processes). We may conclude that
temporary low doses of irradiation represents a serious perturbation in the young seedling physiology though compensatory
biosynthesis mechanisms are able to repair part of the damages in the 3- and 6-month old plants.

Climate change and water use of plants and catchments. Eamus, D., Yanusa, 1. (University of Technology,
Sydney, Australia).

The study of climate change includes systematic examination of changes in atmospheric composition (especially CO.
concentration), climate (especially rainfall, water vapour pressure and temperature), and biotic (especially vegetation)
responses to these changes. Such studies can be undertaken from micro to macro-scales, both spatially and temporally.
Over the past 50-100 years, global mean surface temperatures have increased by about 0.15 °C per decade. It is generally
expected that this will cause increased surface evaporation. However, open-pan evaporation rates have shown relatively
consistent declines over the past 50 years (the so-called ‘pan evaporation paradox’) despite increased temperatures.
Potential causes of this paradox include changes in solar radiation input and cloudiness. Increased cloudiness can cause
increased diffuse beam irradiance and hence NPP. Transpiration from leaves occurs predominantly through stomata,
which themselves are influenced by the atmospheric concentration of CO. and transpiration rate, temperature and light
flux density. This paper discusses the pan evaporation paradox, stomatal control of transpiration and rates of water use of
field-grown trees under conditions of increased atmospheric concentrations of CO..

Influence of leaf form on photosynthetic carbon gain and growth of heteroblastic seedlings to light. Gamage,
H.K., Jesson. L.K. (Victoria University of Wellington, New Zealand; gamagehars@ student.vuw.ac.nz;
linley.jesson @vuw.ac.nz), Drake, D.R. (University of Hawaii, Hawaii; dondrake @ hawaii.edu).

Changes in leaf morphology affect the physiological function of plants. Heteroblastic plants have fixed changes in leaf
morphology between seedling and adult stages relative to homoblastic plants. We tested the prediction that
heteroblastic seedlings would have higher photosynthetic carbon gain, survival, and growth than homoblastic
congeners in shade. Four pairs of congeneric homoblastic and heteroblastic species in genera Aristotelia, Hoheria,
Pseudopanax, and Melicope were grown for nine months in four shelters within a glasshouse. We altered light quality
and quantity to simulate deep shade and full sun. Heteroblastic seedlings, which have toothed, and lobed leaves
reduced leaf lobing in shade but lobing was retained in full sun. Maximum photosynthetic rate and stomatal
conductance of heteroblastic species were greater than homoblastic congeners in full sun, but did not differ in shade.
Seedling survival and growth measures of height, root collar diameter, and total dry mass were consistently lower for
heteroblastic species relative to homoblastic congeners both in sun and shade. We conclude that changing leaf
morphology in heteroblastic seedlings is not an adaptation to shade, and other functional hypotheses should be sought.

In our elevated CO. world, is tree growth nitrogen or carbon limited? Gifford, R.M. (CSIRO Plant Industry,
Australia).

Although the idea of single limiting factors to productivity is well entrenched in plant science, the opposite idea of
multiple co-limiting factors also receives much, and increasing, support. While the equal distribution of limitations
among several co-limiting factors might be true for natural ecosystems in stable environments to which they are very
well adapted, the reality for planted monocultures in environments in which they did not evolve probably falls in-
between these two extreme ideas. Following several decades of globally increasing atmospheric carbon dioxide
concentration and nitrogen deposition on the land, owing to expansion of fossil fuel combustion, the question takes on
further complexity. Are the concurrent increases in available carbon and nitrogen complementing each other to drive
forest productivity to new highs, or are other limiting factors limiting the expression of both potential global stimuli?
This is a difficult problem to untangle owing to the complexity of interactions between variables and the multiplicity of
concurrent environmental changes. The problem is discussed from the perspective of the N-cycle and the C-cycle
interacting in different ways on different timescales.
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The effect of elevated [CO:] and temperature on respiration and photosynthesis in developing shoots of boreal
Norway spruce. Hall, M., Réntfors, M. (Goteborg University, Sweden; marianne.hall@miljo.gu.se;

mats.rantfors @botany.gu.se), Linder, S. (Swedish University of Agricultural Sciences, Sweden;
sune.linder@ess.slu.se), Wallin, G. (Goteborg University, Sweden; goran.wallin@miljo.gu.se).

A cold climate with short growing seasons is one of the most limiting factors for carbon fluxes between boreal forests
and the atmosphere. Increasing atmospheric CO. concentrations [CO.] and rising temperatures are thus likely to result
in a higher carbon sequestration. Several ecosystem processes are involved, and in the present study the focus is on the
development and carbon balance of new shoots in mature Norway spruce (Picea abies) trees, aiming to establish when
these shoots become net providers of carbon and how this is affected by the climatic conditions. The study was
performed at the Flakaliden long-term experimental site in northern Sweden (64° 07° N, 19° 27 E). Twelve 40-year-
old Norway spruce trees were enclosed in temperature and CO.-controlled whole-tree chambers, and exposed to [CO.]
elevated to 700 Bmol/mol, and elevated air temperature (ambient + 5 °C in winter and ambient + 3 °C in summer),
treatments applied simultaneously as well as separately and combined with tracking of ambient conditions. The results
indicate an impact of elevated [CO:] on the fully developed shoots by increasing the maximum net assimilation rate
with 35%, although the daily mean activity was largely related to daily mean photosynthetic photon flux density.

Evaluation of the environmental decline in the microwatershed of Escuque, State of Trujillo, Venezuela. Jaimes
C., E.J., Mendoza M., J.G., Ramos G., Y.T., Pineda C., N.M. (Los Andes University, Venezuela; edgarja@cantv.net;
Jjosegmm@ hotmail.com; yalitzar3 @ hotmail.com; pineida@ cantv.net).

A technical analysis was conducted to determine the degree of environmental decline in the Rio Blanco and La Palma
streams located in the microwatershed of the Escuque river. On the basis of the resulting diagnosis, the levels of decline in
both sections of the microwatershed were determined using the methodological approach of the logical framework. Two
matrix models were applied: cause — effect and problem — solution, for both sections. An overall analysis of the
environmental decline of the watershed was carried out applying unpublished parameters defined by the authors of this
evaluation. On the basis of these relations it was possible to determine that the Rio Blanco stream showed a higher value
of decline (VD = 678) than the La Palma stream with a VD = 572. It was concluded that the main reasons for this decline
were, the absence of land management plans, and the lack of technical leadership in government agencies with regard to
the identification of priorities, and the design of feasible and sustainable production projects.

Mesoclimatic homogeneity of life zones in Venezuela. Jaimes C., E.J., Pineda C., N.M., Mendoza M., J.G. (Los
Andes University, Venezuela; edgarja@cantv.net; pinei