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ASHTON, P. S., BOSCOLO, M., LIU, J. & LAFRANKIE, J. V. 1999. A global
programme in interdisciplinary forest research: the CTFS perspective. A research
collaboration between forest scientists of tropical Asia and the United States is
gathering new statistically comparable data, aimed at furthering an understanding
of tropical forests and at translating biological and socio-economic research into
results relevant to forest management, economics and policy. The programme is
interdisciplinary and long-term in scope. We review its objectives and describe field
methods including characteristics of the sites chosen. Achievements to date inboth
field work and research are summarised. Early research findings point to the human
factors that are likely to influence biodiversity, question the view that the quality of
logging practices is influenced by the period of the concession, and emphasise the
value of managed rain forest as a carbon store. Yet they also reveal great local and
regional diversity in the structure and function of the forests, and of the life history
characteristics of their tree species.

Keywords: International collaboration - multiple value forests - economic optimisation
- sustainable management - interdisciplinary research - statistical compara-
bility - modelling

ASHTON, P. S., BOSCOLO, M,, LIU, J. & LAFRANKIE, J. V. 1999. Rancangan
global dalam penyelidikan hutan antara bidang : perspektif CTFS. Kerjasama
penyelidikan di antara saintissaintis bidang perhutanan dari tropika Asia dan
Amerika Syarikat sedang mengumpulkan data statistik bandingan yang baru, bagi
meningkatkan pemahaman mengenai hutan tropika serta menterjemahkan
penyelidikan biologi dan sosio-ekonomi kepada keputusan-keputusan yang berkaitan
dengan pengurusan, ekonomi dan polisi hutan. Skop rancangan adalah antara
bidang dan berbentuk jangka panjang. Kami mengulas objektif serta menerangkan
kaedah lapangan termasuklah ciri-ciri tapak yang dipilih. Kami juga memberikan
penerangan ringkas mengenai kejayaan terkini dalam kerja lapangan dan
penyelidikan. Hasil penyelidikan awal menunjukkan kemungkinan faktor manusia
yang mempengaruhi biodiversiti, mempersoalkan pandangan bahawa mutu amalan
pembalakan dipengaruhi oleh jangka masa konsesi, serta menekankan mengenai
hutan hujan terurus sebagai kawasan menyimpan karbon. Namun begitu, mereka
juga mendedahkan mengenai diversiti setempat dan diversiti kawasan dalam
struktur dan fungsi hutan, dan mengenai ciri-ciri sejarah hayat spesies pokok-
pokok di kawasan tersebut.
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Introduction

In 1988, the United States Agency for International Development, with advice from
the U.S. National Research Council and National Science Foundation sponsored
a meeting of forest scientists from Asian nations under the chairmanship of the
senjor author, to seek consensus on funding priorities for research into the
sustainable management of biodiverse resources. Some forty forest scientists, from
Sri Lanka and India east to Papua New Guinea, attended.

The concepts of a regional network of research sites adopting standardised
protocols, and an interdisciplinary approach, combining social science and silvicul-
tural ecology, were welcomed. Forest ecologists saw the opportunity, for the first
time, to make their work policy-relevant. Economists saw an opportunity to mesh
their economic analysis with ecological relationships derived empirically. In 1992
the Smithsonian Tropical Research Institute (STRI) created an organ within the
Institute, the Center for Tropical Forest Science (CTFS) to coordinate American
efforts to advance a global programme following the objectives defined in 1989.

This paper describes how some forest scientists in tropical Asia, in collaboration
with a U.S. team, have built a network of sites with the objective of defining
generalisable, socio-economic, and silvicultural parameters which might aid rapid
diagnosis of forest policy and management prescriptions. It reviews the overall
research approach, the findings of some economic, biological and ecological work,
and concludes with reflections on future research priorities.

Objectives
Two interdependent objectives of the programme were defined and accepted:

® To estimate the total economic value of examples of the major lowland
tropical forest types under the diversity of economic conditions; and to
provide evidence to assist policy reform for economically justifiable, sustain-
able, management of indigenous forests. Continuing economic change, and
the likely impact of global climatic change on forest function implies that the
programme should be on a continuing basis, analogous to the collection of
meteorological data.

® To build and test simulation models of these forests, in order to generate
testable predictions of management prescriptions for optimising sustainable
yield of their most valued goods and services. These models will eventually
incorporate socio-economic as well as forest ecological (including silvicul-
tural, wildlife) data, and will include considerations of biodiversity conserva-
tion. It is a truism that, whenever ecological sustainability is of concern, any
study addressing forest management and policy issues should be based on
a solid understanding of the forces driving forest dynamics and its compo-
nents. Of course, no better natural laboratory exists to understand species
composition, their demographics, growth and dispersal than primary forest.
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It is for this reason that the initial focus of the programme has centered on
primary tropical rain forests. Models based on such understanding have
become valuable tools to generate hypotheses for optimal management.
Such hypotheses, however, need to be tested with harvesting experiments.

Data collection

Precise understanding of the relationship between community and species popu-
lation distribution, structure and function in relation to soil, topography, and
intrinsic characteristics such as seed dispersal and density dependence, requires
mapping and monitoring large forest samples. These provide the core research
facility of the CTFS programme. Extrapolation to landscape or larger scales is an
objective for the future. Standardisation of ecological sampling protocols was
aided by Hubbell and Foster (1983) at the STRI research forest on Barro Colombo
Island (B.C.1.), Panama Canal Zone, and tested at the first Asian site, in Malaysia.
Unitary large plots provide the only means for precise mapping of species distribu-
tions in relation to soil, for demographic analysis of species’ populations, and for
analysis of spatial and temporal interaction between populations, including inter-
actions between tree, animal and pathogen populations. Such large plots also
provide the opportunity, heretofore unavailable, for rigorous testing of the optimal
plot size for working plan, silvicultural, floristic, and other surveys (Condit et al.
1998, Hall et al. 1998). Plot size has been set to capture population samples
sufficient for demographic analysis of at least half the tree species contained in it,
estimated to be at least one hundred individuals. For practical reasons the largest
plots, required in the most species-rich forests where most trees are in low
population densitics, do not exceed about fifty hectares. In poorer forests, plots
of either twenty-five or about sixteen hectares have proven sufficient.

The disadvantage of this approach is in the limited opportunity for replication.
In this we follow Richard’s (1952) pioneering example, by attempting to find sites
on the three continents, which approximately replicate the same combination of
environmental conditions. Commonalities of trends along gradients, and among
plots whose floras are so independent, we judge to be robust. The data resultng
from our programme will provide the quantitative test, and the means to identity
commonalities from species-specific and other purely local forest phenomena.

In cach plot, all trees > 1 cm dbh are censused; identity, diameter, and spatial
position are recorded. Recensuses are carried out every five years. The level survey
yields a precise contour map. The methodological protocols, adjusted for forest
conditions in Asia, have been described in full by Manokaran et al. (1990).

Periodic workshops have been held to define additional requirements. These
include height measurements of a subsample of the stand and key species popula-
tions, and measurement of the height of the canopy and principal leaf layers. From
these, net production estimates can be calculated by allometry using published data
from Pasoh (Kira 1978), correlated with canopy topography and extrapolated
photogrammetrically. Seedling and sapling subplots are required for silvicultural
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research and demographic analysis. Harvesting experiments are planned in Malay-
sia, but have not as yet begun.

Standardised protocols for economic analysis are still in process of development.
A workshop was held in Chiangmai to this end (Godoy & Bawa 1993), but
formulations are not yet agreed upon. On the issue of valuation (attributing a
monetary value to goods and services not traded in markets) some progress has
nevertheless been made with regards to non-timber forest products (NTFPs).
Godoy et al. (1993), after an extensive review of the literature, proposed recommen-
dations on necessary data to carry out complete and comprehensive studies. They
noted that existing studies could not really be compared because they accounted
for different costs and benefits. Strict protocols for data collection have been
developed by Wilkie et al. (1994), piloted by Lubowski in Sri Lanka, and then
employed at a bigger scale by Godoy in Honduras. On the issue of the socio-
economic determinants of forest use (economic value of NTFP extraction), Godoy
and Bawa (1993) summarised assumptions and open questions. For other values
(biodiversity, watershed protection, carbon storage, etc.), attempts have been
carried out but no standardised protocol to date exists.

Site selection

In each continent, the CTFS network aims to include sites representing the ends
and centres of the abiotic gradients which are considered, on the evidence of
existing research, to most influence lowland rain forest structure and function.
Rainfall seasonality, which is broadly correlated with predictability of killing
droughts although E1Nifio events provide a notable exception in many parts of the
tropics, is the principal gradientat regionalsscale (Ashton 1991). Soil nutrientlevels
and water economy vary with geology at a more local scale, and along the
topographic catena; plots are large enough to include these gradientswithin them.
Frequency and intensity of canopy disturbance may be both regional and local,
according to the cause of disturbance which may include typhoons (hurricanes),
line squalls, or land slips. In addition, the influence of island biogeographical,
historical factors on species richness and diversity is taken into account.

The 1989 meeting in Bangkok, and the long established and distinguished
rradition in scientific forestry in Asia, gave early impetus which has resulted in this
region having already completed identification of a core network of forests sites, all
of which are implemented or in process. Site selection in the Asian tropics has also
been aided by its monsoon rainfall climate, with single wet and dry seasons which
vary in length in logical progression across the region. The Asian network has
therefore come to serve as the global model. Now, additional researchers in the
region are volunteering to adopt the CTFS protocols. This is providing the
opportunity to expand forest types to include, for example, deciduous and lower
montane forests. The U.S. contribution is to assist in regional coordination
including training and workshops, data management and analysis, and in funding.
At the time of writing, the National Institute of Environmental Sciences (NIES)
of Japan and STRI are discussing formation ofajointventure in these respects, and
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in funding. A CTFS Director for the region, J.V. LaFrankie, is based at a facility
provided by the Nanyang Technological University in Singapore.

A summary of the site network in Asia therefore serves to illustrate the CTFS
scheme in practice (Figure 1, Table 1). The relationship between rainfall regime
and forest formations in the region is now broadly understood (Champion 1936,
Ashton 1991). Such criteria have been combined with socio-economic ones to
generate a framework for site selection.

The socio-economic gradient

In site selection, an attempt has been made to reflect various socio-economic
conditions. The Pasoh forest (Peninsular Malaysia) is located in the most devel-
oped (among resource-rich countries) economy of the region. For the past years,
the rural sector work force exhibited a decline corresponding to increased
urbanisation. Economic development has led to higher wages and to a
commodity-based agricultural sector. As a result, the forest is not used for subsis-
tence activities. Part of it is still logged while the rest is mostly used for educational
purposes.

Similar to Pasoh, Khao Chong (Peninsular Thailand) is set in an economy
dominated by commodity production (e.g. rubber), but wage levels are lower than
Malaysian ones. While Khao Chong is primarily a recreation and wildlife conserva-
tion area, forests nearby are still used by the local rural population, for example for
hunting. In an even poorer region, the Huai Kha Khaeng (Thailand) plotis located
in a World Heritage Sanctuary, but the surrounding forests are heavily used by
local communities for a variety of uses, including, traditionally, logging. In a
similarly poor rural setting is the Indian site of Mudumalai, interesting for its
primary use as an eco-tourism reserve. Also in an economically disadvantaged
situation is the site of Palanan (Philippines). What makes Palanan interesting from
a socio-economic view point is the combination of a highly fragile ecosystem (the
area is frequently hit by typhoons) and heavy forest exploitation.

The plot at Lambir (East Malaysia) is set in a rapidly developing rural economy,
fueled by heavy resource exploitation (logging) and oil palm plantations. Intermit-
tent rural wages make local populations still dependent on forest resources for
various uses, including hunting, rattan extraction, and collection of other NTFPs.
Its vicinity to the city of Miri makes Lambir a site where potential conflictof interests
may arise in the near future between recreational uses demanded by city dwellers
(Lambiralready has the highestvisitation rate of all Sarawakian National Parks) and
consumptive uses still important to the rural population.

Finally, the site at Sinharaja (SriLanka) is located in a rural economy based on
rice and paddy cultivation and home gardens. In recent years, government subsi-
dies have promoted the conversion of home gardens into tea plantations. The
communities living around Sinharaja still rely significantly on the forest for various
products (home construction, food and medicines) and on tourism. The site 1s also
an interesting experiment of collaboration between the Forestry Department and
the rural communities living around the forest.
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The rainfall seasonality gradient
This is represented by four plots on udult yellow sandy clay soils:

Pasoh Research Forest, Negeri Sembilan, Peninsular Malaysia; an initiative of the
Forest Research Institute Malaysia under N. Manokaran. A 50-ha plot experiencing
relatively low but evenly distributed rainfall, nevertheless with almost annual, but
seasonally only weakly predictable, droughts. Topographyis gentle, of low hillsand
flat land. Canopy disturbance is erratic, predominantly through squalls. Three
censuses have been completed. Other Asian sitesin the same climate, atLambirand
Sinharaja, differ in other respects. A replicate plotis under construction at Yasuni,
on a tributary of the Napo Riverin the Ecuadorian Amazon. Soils there are similar,
but the rainfall is higher (3500 mm) and the topography somewhat steeper.

Khao Chong National Park, Trang, Peninsular Thailand, sponsored by the Royal
Thai forest Department and led by Sarayudh Bunyavejchewin as in the next case,
with the collaboration of the National Institute of Environmental Sciences (NIES)
of Japan. A 16-ha plot under much higher mean annual rainfall than Pasoh, but
with a regular two month albeit not intense dry season. The first census is in
process. This site was chosen in partto replicate the B.C.L. site butitis on steeper
land, the dry season is slightly shorter, and the area experiences occasional
typhoons. Secure forest on undulating land under this rainfall regime may no
longer existin the Asian tropics. B.C.I conditions are also replicated ata plotbeing
installed atKorup National Park, Cameroon, West Africa. Another island site in this
rainfall climate exists in Asia at Palanan.

Huai Kha Khaeng World Hentage Sanctuary, west centre Thailand. At the driest,
most seasonal limits in the distribution of lowland evergreen forest in Asia.
Undulating land including an ecotone between dry evergreen dipterocarp forest
and mixed deciduous forest. The first census is completed, the second scheduled
for 1999. The site is as yet unreplicated.

Mudumalai Wildlife Sanctuary, Tamil Nadu, India, a site under R. Sukumar
maintained by the Indian Institute of Science, Bangalore. The 50-ha plot of this
associate site is in dry deciduous forest and experiences six dry months. Sukumar
established it primarily to document the influence of overstocking of elephants and
man-made fire on the vegetation. Itis strictly outside the terms of reference of the
network, but provides an invaluable test of trends along the rainfall gradient.

The soil nutrient gradient

The influence of mineral soil nutrient concentrations has been best docu-
mented in northwest Borneo (Baillie & Ashton 1983, Baillie et al. 1987, Ashton &
Hall 1992), but similar relationships are expected to occur, on floristic evidence,
throughout the climatic range of lowland rain forest (Ashton 1991). Much of the
range of mineral soil nutrient concentrations on yellow-red soils in lowland mixed
dipterocarp forests of Asia can be captured within one site.
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Lambir Hills National Park, Sarawak, Malaysia, a project of the Sarawak Forest
Department under Abang Abdul Hamid Karim, in association with T. Yamakura,
Osaka City University,and K. Ogino, Ehime University. In this high annual rainfall
aseasonal site, a 52-ha plot has been laid across the ecotone from sandy humult to
clay udult ultisols. The extraordinary species richness reflects the high species
turnover across the ecotone. The ecotone overlies a change in substrate, and
crosses a ridge. Catenary gradients in soil water economy are therefore partially
independent of the main nutrient gradient in this sample, permitting separate
analysis of their influence on forest structure and function. Two censuses are
completed. No replicate is yet installed, but weaker, covarying catenary gradients
in soil nutrients and water occur in the Sinharaja plot.

Canopy disturbance

A regional gradient is captured by a site at Palanan, 8 ha, on the windward lower
slopes of the Sierra Madre, Luzon, Philippines, which is led by the College of
Forestry at Isabela State University, sited on a low ridge running perpendicular to
the predominant track of frequent typhoons, the last of which hitin 1995. On red
clay loam udult ultisols. The forest is distinguished by its even canopy, rarity of
windthrow and high diameter/height ratio of canopy trees. The canopy experi-
ences leaf and twig shredding during typhoons, and the species have high capacity
for shoot reiteration. Once censused, it will be expanded to 16 ha. Palanan is
replicated by a plot of the same size and climatic conditions at Lugquillo National Park,
Puerto Rico.

Khao Chong, Pasoh, and possibly Sinharaja serve as sites with occasional, more
catastrophic canopy disturbance by wind. Lambir has no recorded history of
killing winds, but the ridge within the plot is a cuesta, with a backslope which
experiences periodic catastrophic landslips following exceptional rain. These
landslips occur on both udult clay and humult sandy soils, and are set in slopes
which are otherwise undisturbed.

Island biogeography

This is addressed by the Sinharaja plot, Sri Lanka, under CV.S. and I. A. U. N.
Gunatilleke of the University of Parideniya in association with the Sri Lanka Forest
Department, B.M.P. Singhakumara of Sri Jayawardenepura University and P.M.S.
Ashton and his students at Yale University. This 25-ha plot is set across the catena
of a steep slope and narrow ridge on pre-Cambrian metamorphic rocks bearing
udult clay ultisols. The site ismore heterogenous and the rainfallalmost double that
of Pasoh with no recorded droughts, yet the flora is only one quarter as rich. With
the exception of Palanan whose historical biogeography is complex, all other plots
are continental.

For educational purposes and as an experiment in conservation management,
though, the Nanyang Technological University has placed a 2-ha plot, using the
same protocols, within the ¢ 30 ha of residual primary forest remaining in the
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Bukit Timah Forest Reserve, now a nature park within the City of Singapore. The
aim of this residual fragment of lowland and hill dipterocarp forest on udult sandy
clay ultisol soils, whose history is well-known, is to monitor tree species extinction,
and also immigration rates.

Accomplishments and first results from Asia

The core site network in Asia has been identified, and plot establishment has been
initiated throughout the network. Nevertheless recensus, and therefore dynamic
data, are only available from two sites: Pasoh forest, where three recensuses, and
Lambir and Bukit Timah, where one, are now complete. Published plot results are
overwhelmingly concentrated on the Pasoh site. This is not the place to publish
research results, which we therefore present in summary, in order to indicate the
scope of what is now possible, Furthermore, there is a wealth of work currently
in progress, to which only brief mention is appropriate. The advanced state of
research at Barro Colorado Island, where a 50-ha plot, installed in 1982, has
undergone three censuses, provides the primary yardstick for all current compari-
sons.

Valuing non-timber forest goods

One important objective of the CTFS programme is the quantification of the
economic value of tropical forests, together with the study of the factors that
influence these values. Addressing these issues is critical to understand how tropical
forest values change as a response to economic development. They are also
important in the design of appropriate policies and development programmes’.
For example, as Wellsand Brandon (1992) and Kramer etal. (1 997) point out, many
projects aiming at the dual objectives of conservation and rural development (e.g.
Integrated Conservation and Development Projects or ICDPs) performed quite
poorly (from a conservation standpoint), partly because of a poor understanding
of the linkages between ecosystem productivity and human behaviour in a changing
economic environment. Such linkages, in many cases, were ignored altogether in
the project planning phases.

Initial work conducted in Pasoh Research Forest, Malaysia, to assess the non-timber
riches of this forest revealed a large amount of species thatare known to bear edible
fruits and that, therefore, could potentially have economic value (Saw ef al. 1991).
The value of many NTFPs at Pasoh hasbeen later quantified by Lim and Jamaluddin
(1994). Their current economic value is concentrated in few species with an overall
value that is quite limited especially if one considers the high extraction costs. The
situation is not so in Sinharaja, Sri Lanka, where Gunatilleke (1998) estimates that,

e

‘Of course, as many have noted (e.g. Common & Perrings 1992, Pearce 1996) valuation alone will not guarantee
that forest resources will be managed more sustainably. The ability of resource users to “capture” those values is
at least as important. Value capture, in turn, requires proper institutional arrangements (e.g. clearly defined
property, use, and access rights).
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on average, more than a quarter of household income comes from the collection
of NTFPs. Such percentages may be close to zero for a few wealthy households
and as high as 80% for many poor ones. Interestingly, household dependency
seems to be influenced not only by the socio-economic characteristics of the
household, but also by the availability of substitutes, and by other social and
gender related considerations yet to be untangled (Lubowski in preparation).
Anecdotal observations also suggest that the presence of the Forestry Department
(extraction of timber and non-timber products from the forest is prohibited) has
influenced villagers’ subsistence and commercial use of the forest.

Thiswork has been complemented by research thatmeanwhile related forest use
to size of land holdings and other socio-economic parameters (Caron 1995,
Ekanayake & Abeygunawardena 1995, Senaratne & Abegunawardena 1995).

This work is being continued and expanded by K. Dayanandan of the Sri Lanka
Forest Department.

Other service values (amenity benefits) have been examined at Sinharaja by
Abeygunawardena and Seranatne (1993).

Forest management and economics

Clearly, studies that focus on the importance of various forest goods and services
are of extreme importance and demand further research attention. However, to
take them intoaccountin managementand policy decisions requires another piece
of information: how these values are influenced by other activities, in other words
the degree to which management for one value enhances, or compromises, the use
of another value (opportunity cost). Decisions often involve trade-offs, and tools
thatwould aid in their quantification are also critical. Plot data have proved valuable
in guiding silvicultural experiments and in the quantification of these trade-offs.

One of the first practical uses for the plot data was to identify merchantable
species with promising growth rates that could be tested in plantations. This has
been done in Panama (Condit et al. 1993a,b), and in Sri Lanka, where timber, and
non-timber species important in the village economy have been line-planted
experimentally following removal of varying numbers of lines in a maturing Pinus
canbaea plantation within the Sinharaja buffer zone. The results proved excellent,
and are currently being applied in practice and at larger scales (Singhakumara
et al. 1996, Ashton et al. 1997 b, 1998).

Another use of the plot data was to develop simulation models that could be used
to address tropical forest management and policy questions. In fact, although
tropical forests occupy 51.5% of the world’s forested area (Borota 1991) and host
the majority of the world biodiversity, relatively few tools are available to guide
their management (see Liu & Ashton 1995 for areview). This isin contrast with the
hundreds of models built for forestsin temperate (e.g. Shugart 1984, Ek ¢t al. 1988)
and boreal regions (e.g. Leemans & Prentice 1987, Bonan et al. 1990). Further-
more, the majority of the existing tropical forest models are stand models (e.g.
Vanclay 1989), mainly developed for predicting timber growth /yield, and thus less
apt to consider other forest outputs (e.g. stand diversity, carbon storage, species
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richness). However, to deal with questions related to species richness requires the
explicit recognition of tree species distribution and population dynamics and the
influence of surrounding areas on forest dynamics (Liu & Ashton 1995).

Such ecological interactions have been considered in FORMOSAIC, a forest
simulation model which considers not only ecological conditions within a focal
forest but also the influences from adjacentareas (Liu & Ashton 1998a). The model
s individual-based (it tracks the characteristics of every tree over time), spatially
explicit, and hierarchically structured. It integrates information of tree position,
regeneration, growth, death, spatial interaction, and environmental factors. Data
for parameterising FORMOSAIC were obtained mainly from the 50-ha plotin
the Pasoh Forest. Model simulation results agreed well with independent field
census data in terms of species richness, species composition, tree abundance,
and basal area.

Model behaviour was examined through sensitivity analysis and uncertainty
analysis. Sensitivity analysis — used to test how model output responds to small
changes in parameters of interest (Jgrgensen 1986, Turner et al. 1994) — indicated
minimum harvest size was the most sensitive parameter in influencing species
richness (Liu & Ashton 1998a). Species richness was also extremely sensitive to the
duration of seed immigration from species-rich surrounding forests.

Through uncertainty analysis — employed to identify how model results vary
with large variances in parameters (i.c. when the parameter values have too much
uncertainty or management parameters have a wide value range)— we found that
species richness had scale-dependent and nonlinear relationships with many
environmental (e.g. windthrows) and management (e.g. timber harvesting) factors.

We have also applied FORMOSAIC to evaluate the influence of adjacent
non-forest on the fate of the species richness of the focal forest (Liu et al. 1998).
We expect a surrounding area comprising non-indigenous species to impact
species diversity within a primary forest in twoimportantways. First, it may contain
animals or plants that may invade the indigenous forest and alter its dynamics.

Pasoh is partially surrounded with ol palm plantations. The fruitcrop of African
oil palm (Elaets guineensis) provides an excellent food source for wild pigs (Sus
scrofa), allowing the local pig population to increase in density by an order of
magnitude. These wild pigs build breeding nests in the adjacent primary forest
by harvesting numerous small trees and piling them up to create a dome-shaped
nest. Simulations indicate that, if our hypotheses are correct, tree species diversity
in the primary forest may change dramatically in response 1o the interactions
among types of surroundings, timber harvesting, and pig damage. The effect of
the above variables on specics diversity was found dependent on the dimension
of the focal forest. There were also strong and complex interactive effects of
parameters related to pig damage on species richness.

So far, FORMOSAIC has been used to generate research hypotheses and to
simulate long-term effects of hypothetical scenarios regarding timber harvesting in
a landscape context. The model needs to be refined through collecting more
empirical data, including sced dispersal, regeneration, growth, and survival of
recruits < 1 cm in dbh. We expect that FORMOSAIC can be used to address other






