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Foreword

The Center for International Forestry Research (CIFOR)
was established in 1993 at a time when there was a
resurgence of interest in the sustainable management of
the world’s tropical rain forests. At that time it was
evident that a particular focus for CIFOR’s research
should be in the moist tropical forests of Asia. Trees in
the family Dipterocarpaceae, “the dipterocarps” are a
major component of southeast Asia’s tropical forests.
Their wood is pre-eminent in the international tropical
timber trade and they play a key role in the economies
of several countries.

A considerable research effort had already been
devoted to the management and utilisation of dipterocarp
forests starting with the British in India last century and
continuing throughout the 20th century, especially in
Malaysia. A vast amount of information has been
gathered, but unfortunately it has not been consolidated
and no readily accessible compilation of results has been
available. This has reduced the impact of the research
and has almost certainly resulted in the duplication of
efforts by national and international bodies.

As a new international research centre it was
appropriate that CIFOR should take the initiative and
commission a general review of the current state of
knowledge of dipterocarp taxonomy, ecology and
silviculture, to identify gaps in this knowledge and to
spell out priority areas for new research. This action
accorded with the views of many members of the
informal Round Table on Dipterocarps who had been
meeting on a regular basis to share information on the
family . A draft outline of the book was endorsed by the
Fifth Round Table on Dipterocarps at its meeting in
Chiang Mai, Thailand late in 1994. Since then, under the
direction of Christian Cossalter at CIFOR and Dr S.

Appannah at Forest Research Institute Malaysia (FRIM),
13 authors have prepared and revised the 10 chapters of
the book. With authors located in Asia, Europe and the
United States this has been a major undertaking and the
efforts of all concerned to bring this work to a successful
conclusion are very much appreciated.

I anticipate that this book will be especially
beneficial to those planning research on dipterocarps in
Asia. T hope it will assist university graduate and post-
graduate researchers, and especially scientists in national
and international organisations to re-orient their research
to meet priority needs. The review should also be useful
to forest managers in both public and private sectors who
must make decisions based on whatever information is
available to them and who have neither the time nor the
resources to delve into the highly dispersed literature
on dipterocarps.

CIFOR is very grateful to many people for their
assistance with this book; to all the contributing authors
for their commitment and for their patience with demands
made on them by the editors; to the reviewers who
provided critical appraisals of the chapters and made
valuable inputs; to the editors who brought all the
contributions together and completed endless checking
and cross-checking of the information: to the CIFOR
Communications Group for typesetting and layout; and
finally to the staff of the Forest Research Institute
Malaysia and its Director General Dr. M.A.A. Razak for
their unflagging support and cooperation in producing
this book. I thank all who contributed in so many ways.

Prof. Jeffrey Sayer
Director General of CIFOR



Introduction

S. Appanah

As a family of plants, Dipterocarpaceae may perhaps hold
the distinction of being the most well known trees in the
tropics. This famed family of trees stand tall in some of
the grandest forest formations the earth has ever
witnessed. Their overwhelming presence has led us to
call these vegetation zones dipterocarp forests. Currently
the dipterocarps predominate the international tropical
timber market, and therefore play an important role in
the economy of many of the Southeast Asian countries
(Poore 1989). The dipterocarps also constitute important
timbers for domestic needs in the seasonal evergreen
forests of Asia. In addition, these forests are sources of
a variety of minor products on which many forest
dwellers are directly dependent for their survival
(Panayotou and Ashton 1992). Despite such eminence
in the plant world, there has never been an attempt to
assemble under one cover all the principal aspects of
this exceptional family of trees. This is a serious lack
which we hope to start redressing and thus pay fitting
tribute to this great family of trees.

A greater concern however belies this slim effort.
The very existence of these trees and the forests they
stand in is at stake today because of the unrelenting pace
at which we are chopping down these forest giants and
converting their forests to other forms of landuse (FAO
1989). If present trends persist, not only will nations
and people become impoverished, but mankind will stand
to lose many species of plants and animals forever. These
dipterocarp forests, especially those everwet formations
of West Malesia, are among the richest worldwide in
terms of flora and fauna (Whitmore 1975).

Much of the knowledge on the species within the
Dipterocarpaceae exists in a disparate form even though
research on dipterocarps extends for about a century,
almost since the beginning of tropical forestry in British
India. Apart from some classical work on their taxonomy
(e.g. Symington 1943) and silviculture (Troup 1921,

Wyatt-Smith 1963), most other studies remain
fragmented. A uniform and comparative body of
information on dipterocarps did not develop. Studies
equivalent to those on acacias or eucalypts in Australia
never resulted (e.g. Jacobs 1981). This situation is the
result of a number of factors including:

1. The dipterocarps that comprise timber species are
distributed over a very wide range throughout tropical
Asia, covering several climatic zones and
geographies. The number of species in each country
varies from 1 to over 200 (Ashton 1982).
Consequently the depth of interest differs from
country to country.

2. The historical emphasis upon forest management
differs between countries, and this is reflected in
differences in institutional strengths and development
in research. While the dipterocarps are managed in
some countries, in other locales they are simply
exploited. A quick glance at the status of knowledge
on the dipterocarps in the region confirms this
unevenness. In some locations, the Indian continent
for example, the knowledge on many aspects of
dipterocarps is comprehensive. In others like Laos
and Cambodia, it varies from fragmentary to cursory.

3. Whatever scientific links that existed during the
colonial period have broken down. In fact, the first
forester brought in to attend to Malayan forest needs
was from British India (Wyatt-Smith 1963). Today,
scientific links between countries sharing the
dipterocarps have become desultory.

4. A considerable amount of information is sitting in
national institutes either in unprocessed form in
departmental files, or as internal reports, unpublished
theses, etc. Some reports are written in the local
language. Thus, a substantial wealth of knowledge is
simply not available to the vast majority of scientists.
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As a consequence, much of the knowledge on
dipterocarps appears to be accessible only to specialists.
The potential benefits of this family have not been fully
recognised, and if the present situation is allowed to
proceed, mankind may lose important opportunities. The
following examples affirm this view. Few realise that the
only moist tropical forests in the world where sustainable
forest management has been demonstrably practiced are
the dipterocarp forests (FAO 1989). The best silvicultural
system that was ever formulated for a tropical forest is
perhaps the Malayan Uniform System which is based on
the exceptional regeneration properties of dipterocarps
(Wyatt-Smith 1963). In fact dipterocarp forests are the
envy of foresters and silviculturists toiling in the African
and neotropical areas. However, these facts are seldom
if ever highlighted.

The general lack of comprehension about the family
has led to a tide of opinion that it is not possible to
manage tropical forests, an opinion strongly contested
by those involved in dipterocarp forest management. Few
realise that the apparent failures in establishing
sustainable yields were more the result of changes in
landuse patterns and economic restructuring than from
an inherent inability of the forest to respond to
appropriate silvicultural interventions (Appanah and
Weinland 1990). To a degree, this lack of understanding
has led us to exploit the forests somewhat carelessly
without considering the wonderful opportunities they
offer for practicing sustainable forestry.

This ignorance of the qualities of dipterocarps has
also led us to search elsewhere for usable tree species
when interest in timber plantations for the moist tropics
developed (e.g. Spears 1983). The general impression
was that dipterocarps, as a group, are slow growing and
planting material difficult to procure. Such over-
generalisations made us miss some important
opportunities with dipterocarps. There are dipterocarps
which make excellent plantation species (Appanah and
Weinland 1993), and several have growth rates that are
acceptable or superb for this purpose (Edwards and Mead
1930). Few recognise the potential of dipterocarps with
their mycorrhizal associations to grow under poorer soil
conditions. Nor has attention been focused on the variety
of dipterocarp species available that are adapted to a wide
range of habitats and edaphic conditions making it
possible to match species to specific conditions in
plantations.

Now that attempts to establish fast growing hardwood
plantations based on exotic timber species in moist
forests of Asia have met with many difficulties, there is
a resurgence of interest in indigenous species for this
purpose. Many of the species under consideration are
dipterocarps (Anon. 1991). Throughout Southeast Asia,
plans for planting dipterocarps are regularly announced
while major reforestation activities are often based on
the use of species from this family. Meanwhile, forest
scientists and managers from all over the world are
looking to dipterocarp forests to provide models for
sustainable forest management for the moist tropics and
ensure a steady supply of industrial wood in the future.

Currently, numerous initiatives, both national and
international, are underway to address the variety of
issues related to dipterocarps and dipterocarp forests.
These issues under investigation cover a very wide
spectrum, from basic management issues (e.g. National
Institutes, Food and Agriculture Organization (FAO),
International Tropical Timber Organisation (ITTO),
Department for International Development (DFID)), to
producing quick field identification guides (DFID), and
biodiversity (DFID), ecology and economics (National
Science Foundation, Center for Tropical Forest Science),
vegetative propagation (TROPENBOS, Japanese
International Cooperation Agency), mycorrhiza
(TROPENBOS, National Institute for Environmental
Studies, European Commission), non-timber forest
products, plantations (ITTO, TROPENBOS, Forestry
Research Support Programme for Asia and the Pacific),
and so on. In addition to the interest in planting
dipterocarps, there is also a general surge of excitement
over all other aspects of this family. Some major studies
currently underway include sustainable management of
dipterocarp forests (Sabah Forest Department/Deutsche
Gesellschaft Fuer Technische Zusammenarbeit MbH)
and carbon sequestration and reduced impact logging
(Forest Absorbing Carbon-dioxide Emissions
Foundation).

While the above endeavours are laudable, and bear
testimony to the value of dipterocarps, we view this
proliferation of apparently uncoordinated initiatives with
some concern. Undoubtedly, these undertakings are
going to vastly increase our knowledge of the trees and
the ecosystem, so that in the final analysis we get closer
to our ultimate goal — the ability to manage these forests
on a sustainable basis. But at what price in terms of
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efficient use of resources? Several issues require further

reflection:

1. While dipterocarps may seem to hold better pros-
pects, one should not be trapped into the notion that
they are the solution to our present problems. The
difficulties encountered with planting of exotics are
not limited to biological constraints (e.g. Evans 1982,
Appanah and Weinland 1993). Management and eco-
nomic issues played just as big a role in these diffi-
culties. The same difficulties could be encountered
with planting of dipterocarps. Therefore, past expe-
riences should be analysed and/or new work started
in areas like species trials, provenance testing, seed
orchards, selection of plus trees, vegetative propa-
gation, etc.

2. There is a general lack of coordination between and
among external agencies and international donors for
most of the initiatives. While duplication of activity
is common, experiences are rarely shared, leading
to adoption of practices that have been proven to have
no potential. Furthermore, if such duplication of re-
search had been avoided, perhaps funds and resources
could have been applied more optimally.

3. The lack of a common and easily accessible body of
information on dipterocarps has had unfortunate im-
pact on the development of moist forest management
techniques. Many a trial, effectively proven unwork-
able, is repeatedly tried out elsewhere in blissful ig-
norance, sometimes even in the same locale by a fresh
generation of researchers and managers, while docu-
mentation of the previous experiences remained
locked away in dusty filing cabinets. Lessons learned
in the past have been misunderstood, forgotten or
simply not recognised. One notorious example is the
case of underplanting with dipterocarps. Despite
ample proof that dipterocarps will need a reasonable
amount of direct light for fast growth, even today
hundreds (or even thousands) of hectares of exotic
plantations have been underplanted with dipterocarps
in several countries. Such trials are doomed to fail.

4. Even the practice of silviculture has not been free of
this repetition of mistakes. Here there appears to be
a tendency to start at the bottom when it comes to
research. Seldom research is initiated that follows
through findings of previous researchers. A thorough
understanding of past research seems to elude the
next generation of scientists. Examples of such cases
are disconcertingly numerous. For example, in the

1930s the classic Departmental Improvement
Fellings in Malaya were found incapable of releas-
ing the bigger poles and residuals, unless the fellings
were repeated several times at a high cost (Barnard
1954). Instead, such fellings released the young re-
generation. In the 1970s, the same approach under a
different name, called Liberation Felling was adopted
in Sarawak (see FAO 1981). The results were the
same. However, the recognition that both these sys-
tems are the same in principle has not yet been ap-
preciated by most forest scientists.

5. Research on dipterocarps is still being carried out
within the confines of narrow disciplines, and prob-
lem-oriented, multi-disciplinary approaches are in-
deed rare. Notable cases exist even within the same
research institutions with their silviculturists and
forest managers carrying out reforestation programs
without the benefits of inputs from tree breeders and
geneticists, while the latter appear more interested
in theoretical, evolutionary issues.

In conclusion, we can state that our efforts to manage
dipterocarp forests is pitted with difficulties: missed
opportunities, workable schemes arriving too late, and
mistakes repeated time and again. There is no guarantee
that this situation will not perpetuate unless we rethink
our approach to the whole research and development
question. Otherwise more mistakes will be made, more
trials and management systems will fail, and the
conclusions will point in the most negative direction —
that it is not possible to manage tropical rain forest. This,
we have to avoid. Time is also against us, considering
the rate at which these forests are being logged.

1. In the first instance, there is a need for thorough re-
views of former research as well as application tri-
als, both at country and regional levels. Agencies such
as Center for International Forestry Research
(CIFOR), FAO and Asian Development Bank are well
placed to initiate these reviews. These, while point-
ing out the successful methods, should at the same
time identify the unsolved problems and gaps in re-
search for which urgent work is needed.

2. Armed with these reviews, national and international
agencies can approach donor agencies for funding.
Agencies like the International Working Group on
Dipterocarps could assist national and international
institutions in identifying relevant projects. If sev-
eral of these big projects are placed in one basket
and handed to donor agencies, they could then select
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each project that is most needed for specific coun-
tries, and identify the specific groups that are in the
best position to carry out the work. It is time
dipterocarp forest scientists emulate the manner of
astronomers. They are few in number, but collectively
were able to put the billion dollar Hubble Space Tel-
escope into space.

3. Another possibility is to set up research centres
exclusively devoted to research on dipterocarps.
Interest has been expressed in setting up a Dry
Dipterocarp Centre in Thailand and a Moist
Dipterocarp Forest Centre in Kalimantan.

For things to start moving in the right direction, it
seems opportune to provide a general overview of what
is already known about dipterocarps, and to identify the
priority areas for further research, including what is
needed to achieve the optimal use of dipterocarps.
CIFOR has, therefore, undertaken to make this rapid
overview of the family, from its systematics, ecology,
management, end-uses, etc. This publication must be
regarded as a first attempt to broadly cover several
aspects of the dipterocarps. We take a broad look at the
forests and the trees, and reexamine the way we manage
them, and the opportunities awaiting their fullest
development. Beyond that, we also touch on the research
and development activities currently ongoing, and the
future research and development needs. While the
principal findings are stated, the document goes further
to point out the important gaps in our knowledge and the
kind of initiatives, both at international and national
levels, that are needed. Finally, we hope this overview
will form a precursor for a grander and more
comprehensive coverage of this family of trees in the
future.
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Chapter 1
]

Biogeography and Evolutionary
Systematics of Dipterocarpaceae

G. Maury-Lechon and L. Curtet

The history of Dipterocarpaceae botany, as understood
in modern terms, started more than two centuries ago
when Rumphius first mentioned the family in 1750. At
that time dipterocarp forests were considered to be
inexhaustible sources of wild products. The dipterocarps
were thought to dominate extensively throughout
southeast Asia. As soon as the high value of their products
(camphor, resins, timber) was perceived funds were made
available for botanists to conduct expeditions and
laboratory research. A considerable amount of
information has thereby been collected, and we now can
recognise the valuable timber species in the forests and
their natural distribution. The quality of market products
thereby has become more uniform and predictable, thus
favouring trade. At present, underestimated and
unrestricted exploitation has encouraged excessive
harvesting of dipterocarps and together with modern
technologies and economics, has finally endangered the
future of dipterocarp forests.

As early as 1824 and 1868 de Candolle emphasised
the importance of the number of stamens and their
position in relation to petals to separate dipterocarp
genera (Pentacme from Vateria, Petalandra from
Hopea). These characters may affect the quantity of
pollen produced and its availability for eventual
pollinators. Similarly fruit and seed structures and shapes
used in systematics also affect fruit-seed dispersal,
germination and plant establishment.

Present geographical distribution and the structures
and functions of tropical plants are the results of past
adaptations to environmental constraints. These features
were produced in geological time under the influence
of ancient climatic variation (Muller 1972, 1980).
During the last decades, the intensification of human
pressure on valuable trees has become the predominant
factor of transformation for tropical forests (Maury-
Lechon 1991). Excessive canopy openings provoke the

rise of ambient temperature and desiccation. Faced with
these new drastic conditions, past adaptations may no
longer be suitable. If so, the definition of biological
plasticity of well defined taxa according to their
phylogenetic and ecological relations with the
congeners will provide useful tools for forest managers
(Maury-Lechon 1993).

Such knowledge in systematics may have value in
rehabilitation and sustainable management of forests.
Understanding events such as pollination, fruit dispersal,
seedling mycorrhization and survival, coupled with
biogeographic distribution and evolutionary systematics
may help to define lines of lesser phylogenetic resistance
(Stebbins 1960, Maury-Lechon 1993). Such an approach
provides the boundaries and physical limitations in which
a species is able to survive and can be used to identify
species most suitable for rehabilitation in the changing
conditions that man has introduced into the environment.

In this chapter, the present understanding of
biogeography and evolutionary systematics of the family
Dipterocarpaceae is reviewed and whenever possible
there are attempts to link this knowledge to its use in the
development sector. Finally, there are some notes on
further research needs and expertise in the field.

Presentation of the Family
Dipterocarpaceae

Taxonomy

All Dipterocarpaceae species are arborescent and
tropical (Fig. 1). The family type genus is the Asian
Dipterocarpus Gaertn.f. Dipterocarps are trees with
alternate entire leaves and pentamerous flowers. The
family Dipterocarpaceae sensu stricto is homogeneous
for only Asian plants while the Dipterocarpaceae sensu
lato include three subfamilies: Dipterocarpoideae in
Asia; Pakaraimoideae in South America; and
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Figure 1. Distribution of Dipterocarpaceae (adapted from Meher-Homiji V.M. 1979).

Asian sub-division Dipterocarps

Marquesia
African: |:

Monotes
Shorea robusta
Fossils

Doubtful fossils
S. American Pakaraimaea
New genus. Pseudomonotes tropenbosii

Their presence in Seychelles and Andaman

Monotoideae in Africa and South America. The position
of the African and South-American taxa relative to the
Asian group varies with authors (Table 1).
Consequently the family contains either 15, 16 or
19 genera (Table 2) and 470 to 580 or more species
(plus the newly found South American taxon, the
monospecific genus called Pseudomonotes
tropenbosii which has been attributed to the
Monotoideae by its authors (Londofio et al. 1995,

Morton 1995). During the past decade the numbers have
reduced with the increase in collections and systematic
expertise. However, uncertainties remain in Asia and
Africa, underlining the necessity of an exhaustive and
detailed review.

Diversity of opinions also exists for generic
divisions, especially with the genus Shorea and the group
of genera Vatica and Cotylelobium. A synthetic
classification is thus needed. It could be produced from
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Table 1. Recent content of Dipterocarpaceae family.

Families Sub families Genera

Maguire et al. 1977, Maguire and Ashton 1980

Dipterocarpaceae Monotoideae Monotes
Marquesia
Pakaraimoideae Pakaraimaea
Dipterocarpoideae see table 2
Maury 1978, Maury-Lechon 1979a, b*
Monotaceae Monotoideae Monotes
Marquesia
Pakaraimoideae Pakaraimaea
Dipterocarpaceae see table 2 see table 2
Kostermans 1978, 1985, 1989
Monotaceae Monotes
Marquesia
Pakaraimaea
Dipterocarpaceae see table 2 see table 2
Londofio et al. 1995
Monotoideae Pseudomonotes
Monotes
Marquesia

*presented 1977, no formal status for taxonomic ranks, emphasis on
greater affinities among taxa.

the data now available, and the collaboration of still active
workers, to define a solution acceptable to all in the
laboratory, herbaria and field and the timber markets.
First, however, more collections are needed of what
appear to be key characters, in order to test their validity,
particularly among species currently difficult to assign
to supraspecific groupings.

Botany

Pakaraimaea are relatively small trees or sometimes
even shrubs with alternate leaves (Table 3), conduplicate
in aestivation, triangular stipules tomentulose outside
and glabrous within, early fugaceous, glabrescent
petioles, inflorescences axillary, racemi-paniculate,
flowers 5-merous, petals shorter than sepals, neither
connate at the base nor forming a cup and not winged at
all, all 5 sepals become ampliate and none alate, calyx
persistent, anthers deeply basi-versatile, connective
conspicuously projected as an apical appendage, pollen
grains tricolporate, exine 4-layered, ovary 5-locular
(rarely 4), each loculus 2-ovulate (rarely 4), fruit with 5

aliform short sepals, capsule at length dehiscent or
splitting along dorsal line of carpel, wood, leaves and
ovary devoid of resin or secretory canals, wood rays
dominantly biseriate. No economic use is known
(Maguire et al. 1977, Maguire and Steyermark 1981).

Monotoideae are of three genera, Monotes,
Pseudomonotes and Marquesia, and are trees or shrubs
(Table 3). They have alternate leaves presenting an extra-
floral nectary at the base of the midrib above (Verdcourt
1989), small caducous stipules papyraceous,
inflorescences in simple panicles, flowers 5-merous, 5
sepals equally accrescent, petals longer than sepals and
variously pubescent, calyx persistent, anthers basi-
versatile with apical connective-appendage scarcely to
somewhat developed, pollen grains tricolporate, exine
4-layered; ovary 1 to 3 locular (rarely 2, 4 or 5) with
generally 2 ovules in each locule (rarely 4) except in
Pseudomonotes (1 only), wood, ovary and commonly
leaves without resin ducts, fruit sepals aliform and neither
connate at the base nor forming a cupule, wood rays
dominantly uniseriate.

In Marquesia, trees are tall to medium-sized and
buttressed, leaves evergreen and acuminate, nerves
prominent with tertiary venation densely reticulate,
indumentum of simple hairs and minute spherical glands
on nerves and venation; flowers are small in terminal and
axillary panicles; ovary 3-locular becoming 1-locular
above parietal placentation, 6 ovules; fruit is ovoid with
5 wings derived from the accrescent calyx, often 1-
seeded and apically 2, 3 or 4-dehiscent.

Monotes are shrubs to medium-sized trees without
buttresses, with leaves mostly rounded or retuse at apex,
rarely acuminate, with more or less rounded extra-floral
nectary at the base of the midrib above and sometimes
additional ones in lower nerve-axils, with very varied
indumentum and small spherical glands sparse or dense
on both surfaces which often make the blades viscid,
flowers in axillary small or compound panicles, ovary
ovoid and hairy completely divided in 1, 2 or 3
(sometimes 4: Maury 1970b, or 5: Verdcourt 1989)
locules with 2 ovules in each locule, fruit subglobose
presenting 5 equal minutely hairy wings derived from
accrescent calyx, fruit normally 1-seeded and
indehiscent (often 2, sometimes 3 or 4, rarely 5; in Maury
1970b).

Pseudomonotes trees are 25-30 m tall with a 70-80
cm diameter, with poorly developed buttresses. This
species forms entire alternate leaves conduplicate in
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Table 2. Recent (1994) genera, sections and sub-sections related to Dipterocarpaceae and authors. (Londorio ef al.
1995: new genus Pseudomonotes included, into Monotoideae sensu Maguire et al.)

Ashton Meijer and Wood Maury 1978 Kostermans
1964, 68, 77, 80, 82 1964, 76 Maury-Lechon 1979a, b 1978, 81a, b, c, 82a, b, 83,
84, 85, 87, 88, 92
1 Hopea 1 Hopea 1 Hopea 1 Hopea
s.Hopea s.Hopea
s.s.Hopea s.s.Hopea
s.s.Pierrea s.s.Pierrea

s.Dryobalanoides
s.s.Dryobalanoides
s.s.Sphaerocarpae

2 Neobalanocarpus

3 Shorea
s.Shorea
s.s.Shoreae
s.s.Barbata
s.Richetioides
s.s.Richetioides
s.s.Polyandrae
s.Anthoshorea

s.Mutica
s.s.Mutica
s.s.Auriculatae

s.Ovalis

s.Neohopea

s.Rubella

s.Brachypterae
s.s.Brachypterae
s.s.Smithiana

s.Pachycarpae

s.Doona

s.Pentacme

4 Parashorea

5 Dryobalanops

6 Dipterocarpus

7 Anisoptera

s.Anisoptera

s.Glabrae

8 Upuna

9 Cotylelobium

10 Vatica

s.Sunaptea

s.Vatica

(s.Pachynocarpus 1964)

11 Stemonoporus

12 Vateria

13 Vateriopsis

14 Monotes

15 Marquesia

16 Pakaraimaea

2 Shorea

s.g.Eushorea= Shorea

s.g.Richetia

s.g.Anthoshorea
s.g.Rubroshorea
subgr.Parvifolia

subgr.Ovalis

subgr.Pauciflora
subgr.Smithiana
subgr.Pinanga

3 Parashorea

4 Dryobalanops
5 Dipterocarpus
6 Anisoptera
s.Pilosae
s.Glabrae

7 Upuna

8 Cotylelobium
9 Vatica
s.g.Synaptea
s.g.lsauxis
s.g.Pachynocarpus

s.Dryobalanoides
s.s.Dryobalanoides
s.s.Sphaerocarpae

not yet created

2 Balanocarpus heimii

3 Shorea

s.Shoreae

s. Barbatae

4 Richetia

s.Richetioides

s.Maximae

5 Anthoshorea

6 Rubroshorea

s.Muticae
s.s.Muticae
s.s.Auriculatae

s.Ovalis

s.Rubellae

s.Neohopeae

s.Brachypterae
s.s.Brachypterae
s.s.Smithianeae

s.Pachycarpae

7 Doona

8 Pentacme

9 Parashorea

10 Dryobalanops

11 Dipterocarpus

12 Anisoptera

s.Anisoptera

s.Glabrae

13 Upuna

14 Cotylelobium

15 Sunaptea

16 Vatica

s.Vatica

s.Pachynocarpus

17 Stemonoporus

18 Vateria

19 Vateriopsis

2 Neobalanocarpus
3 Balanocarpus

4 Shorea

Shorea including
Pentacme genus
(1992: p.60)

5 Doona

6 Parashorea
7 Dryobalanops
8 Dipterocarpus
9 Anisoptera

10 Upuna

11 Sunaptea (+Coty.)

12 Vatica

13 Stemonoporus
14 Vateria
15 Vateriopsis

s.. section;

s.s.. sub-section;

s.g.: sub-genus;

subgr.: sub-group.
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Table 3. Affinities between Dipterocarpaceae sensu lato and other close angiosperm families.

BOTANICAL CHARACTERS

inflorescence

bisexual flower
unisexual flower
5-merous perianth
bud-flower sepals

open-flower sepals
contorted corolla
persistent sepals and calyx

fruit-sepals

centrifugal stamens
hypogynous stamens

2-celled anthers generally dehiscing longitudinally

subversatile anthers
connectival appendage
pollen

exine pollen

ovary

placentation axile

aliform fruit sepals

short-sepal fruit calyx

possibility of peltate scales on the twig
seeds with scanty endosperm

Dipterocarpoideae

paniculate (compound raceme) +

racemi-paniculate +)
cyme appearance +)
+
+
imbricate +
valvate +
imbricate +
valvate +
¥
+
imbricate +
valvate +
+
numerous +
many +
+
+
+
tricolporate -
tricolpate
2-3 layers +
4 layers -
(2)-3-locular +
(2)-3-(5)-locular
4-5-locular
superior +
semi-inferior (+)
generally 2 ovules/ cell +
+
+
+
+
+

‘ Dipterocarpaceae*

Monotoideae

+

+ o+ o+ o+ o+ o+ o+ o+

sensu lato

Pakaraimoideae

+

I+

+ + 4+ o+ o+ o+

Guttiferae

I+

I+

+ 4+

Theaceae

I+

+ o+ o+ + o+

Tiliaceae

I+

Elaeocarpaceae

Ochnaceae

Sarcolaenaceae

I+
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Table 3. (continued) Affinities between Dipterocarpaceae sensu lato and other close angiosperm families.

*
]
g ] (]
BOTANICAL CHARACTERS S § §
Q [ Q [
S ] [\
§ 5 ¢ % 8 § § 3
s 3 € &€ 8§ 8 & 3
5 2 =} 3 R s < I
= o) ] < = Wy S [
Q ) O = = w Qo %]
&
(]
S g
IS) Q S
2 3§
I s g
IS S ‘T
g 8 8
8 5 &
Q S a
leaves opposite - - - +
alternate + + + + +
leaf venation prominent pinnate + + + +
vertically transcurrent + + +
entirely transcurrent and + + + + +
presence of columns of sclerenchyme
indistinct leaf venation + + +
dentate leaves *
paired basal leaf nerves - -
stipule + + + - - + + + +
hypodermis (+papillose lower epiderms) - +
1-2 layered hypodermis + +
hair (various within a section) stellate + - -
tufted + -
glandules + - -
complex indumentum + + +
geniculate petiole + + + +
indumentum + complex anatomy petiole (Malvales type) + +
rays uniseriate - + - -
biseriate - +
multiseriate + - - -
mixed uni/multiseriate + +
presence of resins + + + -
intercellular resin canals + - - + -
mucilage canals in cortex and cells in the epidermis + -
elongate medullary mucilage cells + -
arrangement of bast fibres * into outwardly tapering wedges + + + +
pith and primary cortex with indumentum + + + +
anomocytic stomata + + + +
complex petiolar vascular supply + - - -
chromosomes n=7 + 4 +H & -
n=11 + - - -
+: present and other possibilities; (-) or (+): exceptions;
+: present; *: adapted from Ashton 1982, Maury-Lechon 1979, and other

-: absent; works (see in text: Classification).

10
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vernation, oblong-ovate and chartaceous, with a vestigial
gland on the midrib at the base of the blade, triangular,
glabrous and caducous stipules. Inflorescences are
axillary, subcymose, with bisexual 5-merous flowers,
showing a glabrous calyx with 5 lobes which form a
shallow cup at the base, a glabrous corolla with contorted
petals, the petals longer than sepals, the stamens
numerous, cyclic, hypogynous, the anthers basi-versatile,
the connective broad and very expanded, continued into
a triangular appendage one-fourth to one-half as long as
the body of the anther, the pollen grains tricolporate,
rarely tetracolporate, sometimes trisyncolpate, exine
minutely reticulate to foveolate, columellate,
tectateperforate, the ovary glabrous, 3-locular, one ovule
per loculus. The fruit is a dry nut, glabrous with a woody
pericarp, a persistent calyx with 5-winged accrescent
sepals, thinly papyraceous, and 1 seed per fruit. As in
African monotoids the wood anatomy of
Pseudomonotes shows solitary vessels (occasionally in
radial pairs), rays mainly uniseriate with infrequent
biseriate portions, heterocellular rays, resinous contents
present in vessel, rays and parenchyma cells, and presence
of secretory cavities in the pith. No economic use is
known but the local name (Nonuya Indians) means (in
Spanish) ‘arbol de madera astillosa’, thus wood is
probably used by native people.

Pseudomonotes, Monotes and Marquesia may share
solitary vessels or vessels in radial pairs, simple
perforation plates, resinous content present in the
vessels, rays and parenchyma cells, wood rays, presence
of secretory cavities in the pith, lack of resin canals,
single gland on the upper surface of the lamina at the
base of the midrib, basi-versatile anthers and tricolporate
pollen grains. Pseudomonotes differs from the Asian
dipterocarps in the absence of fasciculate trichomes,
multiserate rays, wood, ovary and leaves resin canals and
tricolpate grains, and having one ovule per locule with
nearly basal placentation.

Dipterocarpoideae, the Asian dipterocarps are small
or large, resinous, usually evergreen trees, often
buttressed and usually developing scaly or fissured bark
on large trees. Some or most parts present a tomentum,
with alternate simple leaves, margin entire or sinuate,
not crenate, penninerved, with a more or less geniculate
petiole, stipules paired, large or small, persistent or
fugaceous and leaving small to amplexical scars,
inflorescence in panicles with racemose branches usually

with flowers secund, i.e. turned to one side, except in
Upuna (cymose appearance perhaps due to reduction of
a panicle of the Shorea type, and an even stronger
reduction in some Stemonoporus and Dipterocarpus
rotundifolius, whose flowers are solitary; in Kostermans
1985). Extra-floral nectaries were recently found in
many genera (Ashton, personal communication). In the
S5-merous flower, petals are longer than sepals and
variously pubescent, calyx persistent with 0, 2, 3 or 5
sepals enlarged into wing-like lobes in fruit, either free
down to the base, forming a cup or a tube more or less
enclosing the fruit, adnate to or free from it; when free
to the base they are mostly imbricate. The basifixed erect
anthers bear mainly 2 pollen sacs (rarely 4) on the
connective terminated by a short or prominent
appendage. Pollen grains are tricolpate with a 2 or 3-
layered exine. The ovary is superior or semi-inferior, 3
(rarely 2) locular, each loculus contains 2 ovules. The
fruit is loculicidally indehiscent, or at length splitting
irregularly, or opening at staminal pore at germination,
normally 1-seeded (sometimes 2, exceptionally up to
12 or 18), with woody pericarp and persistent more or
less aliform sepals. The stipules are often conspicuously
large. Wood, ovary and leaves contain resin secretory
canals. Wood rays are multiseriate (Maguire ef al.
1977).

Ecology

Monotes grows in deciduous formations, and most
Marquesia species form dry deciduous forests or
savanna woodlands. One species, M. excelsa, grows in
Gabonese rain forest and resembles the Malaysian rain
forest dipterocarps. Pseudomonotes is found in wet,
evergreen rain forest and Pakaraimaea in evergreen
associations.

Pakaraimaea dipterocarpacea may dominate in dry
seasonal evergreen forests on a variety of topographical
situations, at altitudes of 450 to 600 m, on weakly
ferralitic sandstones. The tallest tree recorded is 20 m
with a diameter of 50 cm. Older or damaged trees freely
coppice from the base as do some savanna dipterocarps
in Asian seasonal regions.

Pseudomonotes tropenbosii develops at 200-300 m,
on clayey to sandy sediments, on summits of hills and
along shoulders of slopes. These trees constitute the
most ecologically important species in the rain forest a
few kilometres south of Araracuara (Colombia).
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Asian dipterocarps deeply imprint the forest ecology
and economy of the places where they grow. They
constitute prominent elements of the lowland rain forest
(Whitmore 1988) and are also well represented in the
understorey. As a family they dominate the emergent
stratum. Most belong to the mature phase of primary
forest, which contains most of the entire genetic stock
(Jacobs 1988). All species can colonise secondary
forests during the succession phases provided there is a
seed source; seed dispersal is limited, except among
water dispersed species. However, none seems presently
confined to secondary formations. Certain dipterocarps
of the seasonal regions dominate the fire-climax
deciduous forests of northeast India and Indo-Burma.

In Asia, dipterocarps occupy a large variety of habitats
(Symington 1943, Wyatt-Smith 1963) from coastal to
inland, riverine to swampy and to dry land, undulating to
level terrain, ridges, slopes, valley bottoms, soils deeply
weathered to shallow, well-drained to poorly drained, and
rich to poor in nutrients. In Peninsular Malaysia the
altitudinal zonation of their main habitat types ranges
from 0-300 m (low-undulating dipterocarp forest), 300-
750 m (hill dipterocarp forest), and 750-1200 m (upper
dipterocarp forest). Zonation however, differs in Borneo
and Sri Lanka. The freshwater swamps, especially in drier
parts, are rich in species (Corner 1978, in Jacobs 1988)
while true peat-swamp is relatively poor. The dipterocarp
flora is also poor on limestone and riverine fringes.

Asian dipterocarps are limited altitudinally
(Symington 1943) by climatic conditions, and the
conjunction of altitude and other natural barriers, such
as large rivers and watersheds, have obstructed the
distribution of species in Borneo. For example, the
northwest and northeast of Kalimantan, Sarawak, Brunei
and Sabah are much richer in species than the rest of
Kalimantan. The everwet areas are also richer in species
than the seasonal ones as shown in Sri Lanka by the
concentration of species in the southwest quarter, or in
the Thai-Malaysian transition belt, or from Java to the
Lesser Sundas (Jacobs 1988).

Distribution of Dipterocarps and
Related Taxa

The present distribution patterns of dipterocarps are
thought to reflect routes of colonisation and past climatic
conditions (Fig. 1). Living dipterocarps sensu lato are
spread over the tropical belt of three continents of Asia,
Africa and South America. They occupy several

phytogeographical zones that mainly conform to climatic
and ecological factors. However, in southeast Asia,
Wallace’s line where it runs east of the Philippines and
between Borneo and Celebes, is a major phytogeographic
boundary for dipterocarps. It cannot be explained in terms
of climatic differences but requires the intervention of
continental shelf drift.

Phytogeographical Regions of Living Taxa

The South American region (Fig. 1, Table 4) corresponds
to Guyana, Venezuela and the part of Colombian Amazon
which overlies the Guyana shield.

The African region (Fig. 1, Table 4) includes a
continental area and an insular part in Madagascar. The
former is in two disjunct areas (Aubreville 1976): a) a
narrow strip in the northern hemisphere from Mali on
the west, to Sudan on the east, neither reaching the
Atlantic nor the Indian Ocean; and b) in the southern
hemisphere the Monotes-Marquesia area covers a semi-
dry region between the two oceans, south of the
Congolese rain forest, most of which is essentially
central and does not reach the Atlantic or Indian Oceans.

The Asian region (Fig. 1, Table 4) corresponds to the
Indo-Malesian area, which concentrates a high number
of genera and species in the equatorial forests. This area
is limited northward by the Himalayan foothills, then
approximately by the borders of Assam, Arunachal
Pradesh (India), Burma, Laos and Vietnam, and
penetrating into south China including Hainan Island. On
the extreme southwest the large belt of Asian
dipterocarps reaches the Seychelles (1 sp. Vateriopsis
seychellarum), and covers India and Sri Lanka. Its eastern
border corresponds to New Guinea. The Sundalands
delimit the most southern part. No dipterocarp species
is found in Australia.

Five main phytogeographical regions are classically
recognised within this distribution area: 1) Malesia:
Peninsular Malaysia, Sumatra, Java, Lesser Sunda Islands,
Borneo, the Philippines, Celebes, the Moluccas, New
Guinea and the Bismarks. The northern frontier of
Peninsular Malaysia delimits this part; 2) Mainland
southeast Asia: Burma, Thailand, Cambodia, Laos,
Vietnam and south China (Smitinand 1980, Smitinand et
al. 1980, 1990); 3) south Asia: India, Andaman islands,
Bangladesh, Nepal; 4) Sri-Lanka; and 5) Seychelles. In
these Asian phytogeographical areas each dipterocarp
group manifests a more or less distinctive pattern of
variation at the species level (Ashton 1982).
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Table 4. Phytogeographical regions and distribution of numbers of genera and species.

Area Country Number of genera Number of species Authors
area country area country
Malesia 10 465* *Ashton 1982
Malaya 14 155* 168 Symington 1943
Borneo 13 267* 276 "
Sumatra ? 106* *Ashton 1982
Philippines** 11 50* 52 " W. Wallace’s line
Sulawesi 4 7 *Ashton 1982
Moluccas 3 6 *Ashton 1982
New Guinea 3 15 " E. Wallace’s line
Mainland
Southeast Asia 8 76 Smitinand 1980

Smitinand et al.1990

Burma 6 33 "
Thailand 8 66 "
Laos 6 20 "
Cambodia 6 28 "
Vietham 6 36 "
China 5 24 Huang 1987
11 Xu and Yu 1982
Sri Lanka 7 44-45 Ashton 1977
South Asia: 9 58 Kostermans1992
India+Andamans 5 (6) 31 Tewary 1984
North India 4 10 Jacobs 1981
South India 5 14 "
Andamans 2 8 "
Seychelles 1 1 Parkinson 1932
Africa 37* * Ashton 1982
plus Madagascar 3 49° ° Shaw 1973
Africa 2 48 Shaw 1973
36 Ashton 1982
=30 Verdcourt 1989
Madagascar 1 1
South America 1 1 Maguire et al.1977
Maguire and Ashton 1980
*: numbers in Ashton’s 1982 publication; NB: - Number of genera in China assumes China’s view of the
°: Shaw’s numbers in Jacobs 1981; China-India border, not accepted by India or internationally

(Shorea probably does not occur in China).

- Symington included undescribed entities, most of which were
later absorbed in described entities by Ashton, which explains
the difference between numbers.

Philippines**: east of Wallace’s line only 3 genera and 13 species.
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Present Distribution in the Phytogeographical
Regions

The South American region possesses now two
monospecific genera related to Dipterocarpaceae sensu
lato, and belonging to the two different non-Asian main
groups: Pseudomonotes attributed by its authors to
Monotoideae, and Pakaraimaea in Pakaraimoideae
sensu Maguire et al. (1977).

Pseudomonotes tropenbosii appears to be confined
to a small area in the southwesternmost limit of the
Guyana Highland and the superposed Roraima Formation
sediments in Amazonian Colombia (Fig. 1: nov. gen.). In
spite of being found near the distribution area of
Pakaraimaea, Pseudomonotes has stronger affinities
with the African species. Such affinities recall the remote
Gondwanan connection between Africa and South
America.

Pakaraimaea dipterocarpacea contains two
subspecies: P. dipterocarpacea ssp. dipterocarpacea in
Imbaimadai savannas, Pakaraima Mountains, Guyana, and
P. dipterocarpacea ssp. nitida in Gran Sabana and
Guaiquinima, Venezuela (Maguire and Steyermark
1981). The new genus Pseudomonotes from Colombia
(Fig. 1) in most respects seems to be a Monotoideae
(sensu Maguire and Ashton in Maguire ef al. 1977), not
a Pakaraimoideae (Londofio ef al. 1995).

African dipterocarps need a reassessment to reduce
over-estimations in the Angolan flora. All Monotes
(about 26 instead of 32 (Verdcourt 1989)) and
Marquesia (3 or 4 species) grow in the southern
hemisphere. Only Monotes kerstingii occurs in both
hemispheres (Fig. 1). It occurs in the northern
hemisphere as an isolated species in a narrow strip, and
in the southern hemisphere in the main distribution area
of the Monoitoideae. Some species exist through
Katanga, Zambia and Mozambique up to the Indian Ocean.
Only one species (Monotes madagascariensis) reaches
south Madagascar.

Marquesia may form monospecific open forests
along the fringe of the Congolese rain forest, at the limit
of Zaire, Angola and northern Zambia.

The numbers of genera and species in Asia (Table 4:
* indicates Ashton’s 1982 numbers) show much greater
diversity compared to Africa and South America. As
expected the higher numbers clearly occur in the everwet
regions. The same trend exists from the Malesian region
(10 or 14 genera, 465* species) and particularly from
Borneo (13 genera, 267* species) and Peninsular

Malaysia (14 genera, 155* species), westwards to
mainland southeast Asia (8 genera, 76 species) to Sri
Lanka (7 or 9 genera, 44-58 species), India (5 or 6 genera,
31 species) and the Seychelles (1 genus, 1 species). The
same situation appears eastwards inside the Malesian
region from Borneo to Peninsular Malaysia or to the
Philippines (11 genera, 50* species) and from Malesia
to China (5 genera, 11 or 24 species). The number of
taxa strongly decrease on the east side of the Wallace’s
line in the Philippines (3/11* genera, 13/50* species)
and New Guinea (3* genera, 15* species).

Particular needs for a new synthesis concern the
Chinese taxa (Yunnan, South China, Hainan Island), using
both the published literature (Wang et al. 1981, Tao and
Tong 1982, Tao and Zhang 1983, Tao and Dunaiqiu 1984,
Huang 1987, Zhu and Wang 1992), the on-going works
(Yang Yong Kang 1994 personnal communication) and
new collections to be done. Dipterocarps in New Guinea
and the Philippines have been identified (Revilla 1976)
but some biological aspects have to be specified.

Cotylelobium Pierre and Pentacme, are the only
Asian dipterocarps with a present disjunct distribution
area (Table 5). Cotylelobium grows in Sri Lanka,
mainland Southeast Asia and Sundaland, both under
seasonal and aseasonal evergreen forests. Pentacme
develops in mainland Southeast Asia and also in the
Philippines and Papua-New Guinea. Only five genera
develop east of Wallace’s line (Ashton 1979a) if
Pentacme is not merged into Shorea genus:
Dipterocarpus, Vatica (including Sunaptea), Hopea
(section Hopeae) and Shorea (Anthoshorea and
Brachypterae groups) and Pentacme. Apart from
Pentacme, the other four genera presently exist in India
and occur in Indian fossils (Table 5) as does the genus
Anisoptera (presently extinct). Anthoshorea Heim
extends from India to east of Wallace’s line. Section
Shorea Ashton is mainly centered in southeast Asia but
is well represented in Sri Lanka; it contains two fire-
resistant species in the Indian and Indo-Burmese dry
dipterocarp forests. The other genera or sections have
more restricted areas (Table 5). The south Asian endemic
taxa are Vateria genus represented in south India and Sri
Lanka, and Stemonoporus and Doona confined to Sri
Lanka. In the southeast part Upuna is endemic in Borneo.

Two genera, Vatica (sensu Kostermans) and Hopea,
show the largest distribution from India to east of
Wallace’s line. This is an important fact.



Biogeography and Evolutionary Systematics of Dipterocarpaceae 15

Table 5. Distribution of living and fossil dipterocarp genera or section.

Taxa S.Am Afri

Mada Seyc India Sri-L Chin Burm InCh Thai Mal

Born Indo Phil N.Gu

Pakaraimaea O

Marquesia (0]

Monotes (0] O

Vateriopsis (0]

Vateria o*
Stemonoporus

Doona

Balanocarpus K. (0]
Vatica Kosterm. o*
Dipterocarpus *(?) o~

O O O0OO0OO0oOo

Anisoptera *
Anthoshorea (0]
s.Shorea (*°) O*°
s.Hopea O* (0]
s.Dryobalanoides

Parashorea

Pentacme *(?)

O O

Sunaptea

Cotylelobium (0]
Neobalanocarpus

Dryobalanops *
s.Richetioides

s.Rubroshoreae

s.Brachypterae

s.Pachycarpae

s.Rubellae

s.Neohopea

Upuna

O O O0OO0OO0OO0OO0oOOo
O O O0OO0OO0OO0OO0OOo

* ocoooo0

0O0O000000O0O0O0
©o0o0o00003
Q oo
coo0oo0Q 00

0O0O0000O0O0O0O

O OO O0OO0O0Oo

S.Am: South America; Afri: Africa; Mada: Madagascar; Seyc: Seychelles; Sri-L: Sri-Lanka; Burm: Burma; Chin: China; InCh: Indo-China;
Thai: Thailand; Mal: Peninsular Malaysia; Born: Borneo; Indo: Sumatra, Java and other Indonesian islands but Borneo; Phil: Philippines;
N.Gu: New Guinea; (O): extreme geographic position (Langkawi island for Malaysia, extreme S-W Thailand); O: living species; *: fossils;
O*: living species and fossils; s.Shorea(*°): both section Shorea, and Shorea sensu lato for fossils; O*°: both section Shorea and
Shorea sensu lato when precise taxonomic level not specified, particularly for fossils.

Potential Taxa for Differentiation

The preceding facts suggest that Dipterocarpus, Vatica,
Hopea section Hopeae and Shorea (sections
Anthoshorea and Shorea) could be the main
Dipterocarpoideae taxa from which new forms could
arise by diversification during periods of isolation of
Indian and East Asian lands. This is supported by certain
highly variable species which, in a single species, may
contain much of the whole set of variations of the other
species in their own genus, or even that of different other
genera for example, Shorea roxburghii and Vatica
pauciflora (respectively S. talura and V. wallichii: in

Maury 1978, Maury-Lechon 1979 a, b, Maury-Lechon
and Ponge 1979). The new taxa should probably
correspond to groups of species such as Hopea s.
Dryobalanoides and all the Shorea of the ‘red-meranti’
group in the Malesian area, and perhaps also
Balanocarpus Kosterm. in the Indo-Sri Lankan part. The
limited taxa Vateriopsis, Vateria in the west and Upuna
in the east, are residual genus with limited potential for
differentiation. Anisoptera, with the fossil and present
distribution area, perhaps partly shares this lack of
evolutionary potential and could be a regressing group.
With more limited areas, Parashorea and Pentacme
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from one part, and Dryobalanops from the other, could
also enter this evolutionary-limited-potential group.
Sunaptea, having been several times merged into
Vatica, requires fossil and living distributions. The
Sunaptea morphological and anatomical characters in
embryos, fruit-seeds and seedlings could have had a much
larger distribution. The same remarks concern
Cotylelobium. Kostermans (1992) changed
Cotylelobium scabriusculum (Thw.) Brandis into
Sunaptea scabriuscula (Thw.) Brandis. Perhaps
information on living and fossil dipterocarps from China,
Indo-China and Burma could modify the present
perception of their extension. It is also unknown whether
the Vaticoxylon were of the Vaticae, Pachynocarpus or
Sunaptea types. The absence of Cotylelobium among
fossil forms results from a lack of detailed criteria in
wood anatomy that prevents assessment of its presence.
Close cooperative works between paleobotanists,
wood anatomists of living forms and systematicists are
needed to consolidate present conclusions on the mixed
taxa of Vatica and Cotylelobium. Future work should
particularly consider separately the Sunaptea, Vaticae
and Pachynocarpus. The same treatment is necessary
for the Shorea and Hopea sections. These remarks are
especially pertinent for the new molecular approaches
being rapidly developed, and which have been applied in
a few instances to dipterocarps (e.g. Chase ef al. 1993,
Wickneswari 1993). Some of the diverse opinions, in
all disciplines, are due to the studies being limited to a
restricted number of species. It is therefore necessary
to examine the whole set of species instead, with
particular attention to intermediate ones such as Vatica
heteroptera and V. umbonata group. The V. pauciflora
(ex V. wallichii) case has already been mentioned above,
together with Shorea roxburghii (ex S. talura). Maury-
Lechon’s previous conclusions (Maury 1978, Maury-
Lechon 1979a, b: Fig. 16, p.100) based on cotyledonary
shapes and structures have been vindicated by
Wickneswari’s results (1993: Fig. 1). These conclusions
concern affinities between the Sunaptea group and
Cotylelobium and their joint affinities with Upuna, as
well as the connection of these three taxa with the
closely related group of Anisoptera first, and then
Dipterocarpus and Dryobalanops. Shorea bracteolata,
the only Anthoshorea in Wickneswari’s study, has
cotyledonary characters that are distinct from species
such as S. roxburghii and S. resinosa (Maury 1978,
Maury-Lechon 1979 a, b, Maury-Lechon and Ponge

1979). Consequently, the position of S. bracteolata
reflects perhaps only partially the position of the whole
group of species presently included within the
Anthoshorea. Shorea resinosa and S. roxburghii
cotyledonary shapes locate the Anthoshorea close to
Doona and to Dryobalanops, Dipterocarpus and
Cotylelobium. The present heterogeneity of
Anthoshorea suggests the need for a re-examination both
by DNA analysis and other approaches.

The Dipterocarpus genus should also be examined
for eventual correspondence between chemotaxonomic
groups (Ourisson 1979) and biological characters such
as seed sensitivity to desiccation and cold temperatures,
seed and seedling resistance to pathogens by defensive
secretions, and chemical type of root exudates for
mycorrhizal fungi association. The statement that there
is no relation between chemical groups and
morphological features should be re-examined in
considering flower characters, particularly stamen
shapes, pollen and pollination, sexual and non-sexual
reproduction, the fruit-seed-embryo-seedling sequence
and the habitat.

Phytogeographical Regions of Extinct
Dipterocarps or Related Taxa

No living or extinct monotoid (Tables 5 and 6) has been
reported in Asia while diverse supposed dipterocarpoid
fossils are described from Europe: Woburnia porosa
wood from Bedfordshire Lower Cretaceous, U.K.
(Stopes 1912, Kraiisel 1922, Schweitzer 1958, all in
Aubréville 1976), flowers of Monotes oeningensis
(Heer) Weyland from Upper Eocene in Hungary
(Boureau 1957, Boureau and Tardieu-Blot 1955), and
Tertiary fruits of west Germany, Switzerland and Austria
(Gothan and Weyland 1964, in Aubréville 1976). Doubts
were cast on these identifications (Bancroft 1933, Harris
1956 and Hughes 1961 in Aubréville 1976, Gottwald and
Parameswaran 1966, 1968). Other doubtful fruits of
Monotes type have even been reported from New York
(USA) and from the Alaska Eocene putative but unlikely
tropical forest (Wolffe 1969, 1977).

Boureau (in Boureau and Tardieu-Blot 1955) doubted
this sequence but he remained convinced of the real
presence of Monotes in the European Cretaceous and
Tertiary. Huge distances would then separate the living
Monotoideae from the extinct ones, and the Asiatic-
Malesian Dipterocarpaceae from the European fossils,
without any fossils in between, notably in North Africa.
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Tertiary dipterocarp fossils have been reported from
the African Miocene of Ethiopia (Beauchamp et al.
1973, Lemoigne 1978, Laveine et al. 1987) and from
the putative (but probably earlier) Plio-Pleistocene of
Somalia (Chiarugi 1933). That is in a continent where
not a single living dipterocarpoid has been found, and
where present monotoids are living. Lemoigne (1978,
p-123) specifies ‘c’est avec des bois de la famille des
Dipterocarpaceae, notamment ceux du genre Monotes
que notre echantillon parait avoir le plus d’affinites...
Certes les affinites avec la famille des Lauraceae sont
aussi remarquables’. In spite of its name
Dipterocarpoxylon, this fossil is thus of a Monotoid
type (not Dipterocarpoid). In this case, is the African
rain forest species Marquesia excelsa derived from a
common ancestor with Monotes and adapted to a more
humid climate, or is it the only surviving species of some
Dipterocarpoid ancestor which could have fossilised in
Ethiopia and Somalia (and Egypt?)? A study of the pollen
exine structure in Marquesia is needed to clarify this
genus situation, as well as a critical re-examination of
all dipterocarpoid fossils (doubtful or not).

Numerous accepted fossils from Asia (Awasthi 1971)
testify that the present great species richness of the Asian
flora (Table 6) probably existed since the Miocene and
persists through the Pliocene and Pleistocene, up to the
Quaternary (Anisopteroxylon, Dipterocarpoxylon,
Dryobalanoxylon, Hopenium, Shoreoxylon,
Vaticoxylon, Vaterioxylon).

These fossils demonstrate a reduction of dipterocarp
distribution area both in Africa (Fig. 1, Tables 5 and 6)
and Asia (extinction of Anisoptera and Dryobalanops
in India, and of the latter in Indo-China), and total
extinction in Europe and North America (doubtful
fossils?). Could thus the Tertiary distribution area of
dipterocarps sensu stricto include Africa and Asia (and
Europe?)?

Hypotheses on the Geographical Origin of
Dipterocarpaceae

If Monotoideae and Pakaraimaea are to be connected
to Asian dipterocarps (by a single family or into different
families), a common ancestor and its migration path have
to be found. During the transition from the later
Cretaceous to the very early Eocene the paleogeographic
changes, in combination with other effects, could have
produced the present geography. Thus dipterocarp
ancestors should have been present when land

connections still existed between South America, Africa
and India and between them and southeast Asia (and
probably with the European and north American Laurasia
block with its intermittent ‘Grande coupure’). This
situation occurred (Figs. 2 (A, B), 3) in the Permo-
Triassic period. Later, parts of the northeastern Gondwana
land detached from the Gondwana shelf, crossed the
Tethys and joined southeast Laurasia (just as India would
do later). These changes would have happened during the
Permo-Triassic, Jurassic and Cretaceous times according
to recent works on Cathaysian floras (Kovino 1963,
1966, 1968, all in Vozenin-Serra and Salard-Cheboldaeff
1994, Lemoigne 1978, Jaeger et al. 1983, Vozenin-Serra
1984, Vozenin-Serra and Taugourdeau-Lantz 1985,
Laveine et al. 1987, Taugourdeau and Vozenin-Serra
1987, Renous 1989, Scotese and McKerrow 1990 in
Vozenin-Serra and Salard-Cheboldaeff 1994), and on the
Tethys Sea (Dercourt et al. 1992).

Croizat (1964, 1952 in Aubréville 1976) and Ashton
(1969) expressed the view of a dipterocarp Gondwanan
origin of the present distribution area and to a further
migration towards Indo-Malesia. Aubréville (1976)
considered that Dipterocarpaceae probably occupied two
main areas before the Cretaceous general drift of
Gondwanan shelves: one in Asia and one in the joined
Africa-India-Seychelles-Sri Lanka complex. He believed
that the origin was in Europe from where ancestors of
monotoids would have migrated towards Africa and
further from there to India. He suggested two Tertiary
centres of dipterocarps: one Indo-Malesian from
Laurasian origin; and one Africano-Indian from a
Gondwanan origin, on both sides of the Tethys Sea. More
recent studies (Renous 1989, Dercourt et al. 1992,
Vozenin-Serra and Salard-Cheboldaeff 1994) identify
direct land connections between southeast Asia and
Laurasia lands. These authors consider a possible series
of small blocks detached from the northeastern part of
Gondwana, moving through the Tethys, and forming an
archipelago (Fig. 3: Tazrim-Sino-Korean block (1), north
China block (2), north Tibet block (3), Khorat-Kontum
block: east Thailand and most parts of Laos, Cambodia
and Vietnam (4), south Tibet block (5), Kashmir block
(6), Iran-Afghanistan block (7), Turkey block (8), Spain
block (9)) together with the different southeast Asian
plates. This putative archipelago would have served as a
relay, perhaps owing to volcanism which would open
routes for floral migration. Before the rise of the
Himalayas, floristic exchanges would also have been
possible around the Tethys (Dercourt et al. 1992).
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Figure 2. Continental drifts concerning the area of Dipterocarps from Primary to Tertiary (adapted from

Renous 1989).
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Table 6. Dipterocarp fossil distribution in time and space.

Fossil genera Number of species Geological periods
total country 1] 11l \%
Cret. Eoc. Olig. Mio. | Plio. | Plei.
Monotes oeningensis flower? 1 1 Hungary *
Monotoid fruit remants? 1 Germany, Austria *
Switzerland
Monotoids?? : 3 &
Calicites alatus, C.obovatus 2 2 New-York USA &
Monotoid fossil? 1 1 Alaska &
Dipterocarpoxylon? Woburnia 1 1 Great Britain &
Dipterocarpophyllum? 1 1 Egypt &
Dipterocarpophyllum 1 1 Nepal, N. India * *
Dipterocarpus-type pollen 1 1 Nepal, N. India *
" 1 1 Vietnam 1]
Dipterocarpoxylon? Monotoid 30 1 Ethiopia #
(Lemoigne 1978)
Dipterocarpoxylon? Monotoid? 2 Somalia & #
Dipterocarpoxylon 11 North India + #
" 2 Burma 1l
" 2 Vietnam 1l
" 3 Sumatra 1l \Y
" 7 Java 1l
Anisopteroxylon 7 5 N. and NW India ki #
" 2 India ** #
Vaticoxylon 2 1 Sumatra v
" 1 Java *
Vaterioxylon 2 2 North India & #
Shoreoxylon 23 13 India-Assam ki #
" 1 Northwest India ki #
" 1 North India 1l
" 3 South India ki #
" 1 Assam-Cambodia *
" 1 Burma 1l
" 1 Thailand # #
" 7 Sumatra * * v
Pentacmoxylon?? 1 1 India n?
Hopenium 4 2 North India *
2 South India *
Dryobalanoxylon 13 1 Cambodia v
" 1 South Vietnam # #
" 1 Borneo *
Dryobalanops pollen 1 Borneo *
Dryobalanoxylon 6 Sumatra * *
" 5 Java il #

#: early period;
* . mid period;

& : upper period;
+ : early+mid-period;

The two successive hypotheses, of Aubréville’s
double-cradle areas, and of the Vozenin-Serra and Salard-
Cheboldaeff’s archipelago connection anterior to India’s
contact with Laurasia, could support a possible very
remote common ancestor of American, African and Asian

** : mid+upper period.
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dipterocarps. They could explain the particularities of
the Indian-Seychelles-Sri Lanka region, the existence of
Upuna in Borneo and the post Cretaceous explosion of
the dipterocarp family in the more humid and warm
conditions found in southeast Asia.
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Figure 3. Paleogeographical reconstitution of southeast Asian Permo-Triassic in conformity with paleobotanic

data (from Vozenin-Serra and Salard-Cheboldaeff 1994).
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Be the origin in Europe or in Africa, both cases would
have favoured dispersal and colonisation by the small,
light, large-winged fruits over great distances and
probably under drier conditions than those of the present
rain forests. This could explain why certain present taxa
suggest an ancestral form with these fruit characters and
again brings forward the hypothesis (Maury et al. 1975a,
Maury 1978, 1979, Maury-Lechon 1979b) of an origin
in open (perhaps semi-dry) environment. Forms with
wingless fruits would have had the only possibility to
concentrate their evolutionary potential into the
protective structures around the seed (e.g., Vateria,
Vateriopsis, Stemonoporus, certain Vatica and other

species with large wingless fruits), these structures could
have favoured water dispersal. In the taxa possessing
winged fruits the evolutionary potential might have
remained available for new opportunities. Upuna and
Monotes kerstingii are perhaps parallel in this respect,
as they suggest the hypothesis that they represent similar
situations developed in or near Laurasia (Upuna) and in
Gondwana (Monotes kerstingii) during long periods of
supposed separation.

Past Continental Changes and Floral Evolution
Past flora also underline a connection between large
floristic-climatic changes and the main known collisions
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or ruptures of continental drifts: a) by lack of marine
influence the Permian continental block (Fig. 2 (A), 3)
would have been drier than the previous split continents
of the Carboniferous with its luxurious Cryptogamic
flora; b) the split of Gondwanaland during the Secondary
would have permitted marine humidity to enter the
fragmented lands (Fig. 2 (B, C) and probably the first
Angiosperm ancestral forms to originate; c) the supposed
late Cretaceous - early Eocene (Renous 1989, Dercourt
et al. 1992) connection of India with Eurasia (Fig. 2 (D)),
between -65 and -40 million years, and later that of Africa
(Fig. 2 (E)), would have created new dry and humid zones
and corresponded to the differentiation of Angiosperms
(and dipterocarp ancestors?).

According to these reconstituted changes, the flora
of past continents from Permian (Primary) to Miocene
(Tertiary) times had a very ancient common history (land
and climate). Later on the future southern part of the
Eurasian southeast zone first separated from the rest of
Eurasia (Fig. 2 (B): Triassic: hatched area, Fig. 3) and
then (the upper Jurassic) connected with it (Fig. 2 (C, D,
E)). Wallace’s line corresponds to the separation between
lands of different origins: the two Gondwanan shelves,
the Indian on the west and the Australian on the east (Fig.
2 (O)).

For long geological periods (lower to extreme upper
Cretaceous period, Secondary) the Indian-Seychelles-
Sri Lanka part of the Gondwana shelf remained under an
insular situation. For similar long periods the present
regions of mainland southeast Asia, China and Malesia
pro-parte remained separated from the Indian island, but
perhaps intermittently connected to Eurasia. The Indian
collision with Eurasia produced huge changes (land,
climate, flora) as well as possibilities (or difficulties)
of colonisation and species evolution for both types of
flora (the insular-Indian flora and the continental-Asian
flora) in the new territories.

Paths of Possible Flora Migrations

Four main land connections are thus suggested for
eventual migrations of the ancestors of the dipterocarps,
at different periods after the Gondwana split: a) India-
Sri Lanka-Madagascar-Africa-America-Eurasia (Fig. 2
(C)); b) the putative eastern archipelago northeast of
Gondwana to Eurasia (Fig. 3); c) later, India-Sri Lanka-
Eurasia (Fig. 2 (C, D)); and d) finally northeast Africa -
Southeast Eurasia (Fig. 2 (E)). Because of the distances,
land dimensions and climate history, the first connection

could have favoured the success and survival of species
with small winged fruits, the second could have aided
species with water dispersal, while the third could have
permitted the persistence and establishment of more
diverse biological types. Perhaps excessively dry
climates did not favour dipterocarp migrations in the
fourth case.

These geological events bring light to the present
distribution over three continents and the paucity east
of Wallace’s line. They explain certain endemic aspects
such as the Monotes kerstingii disjuncted area in Africa
(survival at the periphery of the rain forest newly
established in the previously drier area of Monotes).
They could justify Upuna in Borneo, and localisation of
Vateriopsis, Vateria, Stemonoporus and Doona in the
Indian island zone. These events underline the existence
of'a very long past of successive modifications, and help
to explain the real difficulty in finding primitive features
in present flora. If characters evolved independently
from each other, a single present taxon might have
retained some primitive aspects and modified others;
these latter preventing consideration as an ancestral form.

Endemicity of Dipterocarps Sensu Lato

As expected, the higher endemicity is located at the
extremes of the geographical area of distribution. It is
due to monospecific genera westward in south America
(100%: 2 sp.), Madagascar (100%: 1 sp.) and Seychelles
(100%: 1 sp.). Endemicity is of different intensity (Table
7) eastward in Sri Lanka (98%: 43/44 spp.), south India
(85%: 11/13 spp.) and in New Guinea (73%: 11/15 spp.),
and with a much lower proportion in Borneo (58 to 55%:
158 to 155/267 spp. of which 1 is a monospecific
endemic genus), north Peninsular Malaysia (49%: 23/
47 spp.) and the Philippines (47%: 21/45 spp.) and north
India (40%: 4/13 spp.). A certain endemicity also exists
in the other Malesian areas but the values rapidly
decrease: Celebes (29%), Java (20%), Peninsular
Malaysia (17-18%), Moluccas (16%). Peninsular
Malaysia, Sumatra and Borneo only separated 10,000
years B.P. and, if taken as one biogeographic region, its
endemicity is 293/345 species or 85% when the
boundary is determined by the Kangar/Pattani line, 303/
345 species or 87% when the boundary is the Isthmus
of Kra.

Endemicity is very reduced on a country to country
basis (Vietnam 9%, Laos 5%), or absent in the mainland
southeast Asian phytogeographical area (Burma, Thailand,
Cambodia; however, for Indo-Burma as one
biogeographic region it is high), and totally absent from



Biogeography and Evolutionary Systematics of Dipterocarpaceae 22

Table 7. Distribution and importance of endemicity in Dipterocarpaceae family.

Geographical areas Ashton 1982

Jacobs 1981

number of % of total number  number of % of
species endemicity of species endemics endemicity

Seychelles 1 1 100
Sri Lanka 44 43 98
South India 13 11 85
North India 13 4 40
Andamans 8 1 12
Burma 32 0 0
China mainland 5* 3 60 ?
Hainan 1 0 0
Vietnam 35 3 9
Laos 19 1 5
Cambodia 27 0 0
Thailand 63 0 0
Peninsular Malaysia 155 18 156 26 17
Sumatra 106 10 95 10 10
Java 10 20 10 2 20
Lesser Sundas 3 0 0
Lombok 3 0 0
Borneo 267 58 267 158 55
Philippines 50 a7 45 21 a7
Celebes 7 29 7 2 29
Moluccas 6 16 6 1 16
New Guinea 15 73 15 11 73
North Peninsular Malaysia a7 23 49

(Malayan-Burmese floristics)

* at least total of 16-24 sp. in China (Huang 1987, Yang Y.K. Personal communication), perhaps about 38%.

Lesser Sundas and Lombok islands. In mainland China
and Hainan Island data are too uncertain to draw any
conclusion. More studies are needed in mainland
southeast Asia and China.

Asian Dipterocarp Vicariance
Asian dipterocarps also present groups of twin vicariant
species with similar function in different areas.
Vicarious species (Ashton 1979a) have been noted in
genera Dipterocarpus, Anthoshorea and Hopea (Hopea
section) between Sri Lanka and either south India or
Malesia, and between south India and Malesia or
Indonesia.

All these features correlate with the history of the
continents and the combined action of island isolation
and two other major forces: a) the drier climates in the

western lands which are accentuated in South America,
Africa, Madagascar and lower for the Seychelles, south
India, north India, and part of Sri Lanka; and b) the
maintained humidity in the eastern extreme of the
Eurasian lands. The Eurasian lands could have permitted
the development and spread of winged, light-fruited
dipterocarps for long periods of time. This would allow
migrations and floristic exchanges first in the Eurasian
and later into India on the west, as well as into recently
emerged parts of Sunda and Malaysia regions, and the
newly arrived parts of New Guinea.

The Sunda region has been (and is still) submitted
for long periods to an intense geological activity which
could have interfered with the great diversification of
dipterocarps within the wet Malesian region and more
particularly in Borneo (Maury 1978).
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Geographical Patterns in Biological
Characters

There is a relation between shapes and structures and
the biological processes they permit. It is thus necessary
to try to understand how the morphological or biological
characters (which constitute the base of the taxonomic
divisions and systematic affinities) are related to the
survival of plants in a given habitat, particularly under
eventual modifications. During the past geological time,
climatic and/or geographic variations predominated,
while presently the transformations by human beings
predominate. This type of information is not yet available
for the American and African putative dipterocarp taxa.

Most importantly, some characters (which are
essential in establishing phylogenies and classifications)
are ancestral and do indeed constrain the ecological
range of species; but others are plastic, derived and
adaptive to ecological circumstances. This distinction
still requires classification among dipterocarps. For
Ashton, the greater the number of correlated/independent
character states, the more ancient, conservative and
phylogenetically important they are, thus this point
should be a major basis for assessment of phylogenetic
generic delimitation. However, Kostermans strongly
disagreed with this approach when presenting his case
for Sunaptea.

Biological Groups
All the African taxa, except one, fit into monospecific
formations of savanna woodland or dry deciduous
forests, under seasonal climates. Marquesia excelsa, a
residual species of the Gabonese rain forest is close to
the other savanna species of the genus, and the new South
American genus Pseudomonotes which appears closely
related to Marquesia, present the opposite situation.
Pakaraimaea is abundant but not monospecific and
could multiply both through coppicing and sexual
reproduction. However in the laboratory the germinative
potential of seeds was low and the survival of young
seedlings in USA and France nearly impossible (Maguire
and Steyermark 1981, Maguire and Maury unpublished).
Most Asian dipterocarps remain in evergreen forests
(some in seasonal regions, most in aseasonal areas). A
few species of Dipterocarpus and Shorea live in fire-
climax savanna woodlands, though closely allied to rain
forest species.

There is a sharp discontinuity in Asian dipterocarps
in ecological and geographical ranges of the family
Dipterocarpaceae between the evergreen forest and the
fire climax dry dipterocarp woodlands (Ashton 1979a).
The species of the latter group present characters which
are unusual within the family: thick, ruggedly fissured
bark, some seed dormancy, cryptocotylar germination,
easily coppicing, seedlings with prominent taproots as a
result of frequent burning.

The dipterocarp flowering (and consequent fruiting)
phenology also changes: in seasonal areas species flower
annually with varied intensities each year; in aseasonal
regions sporadic flowerings occur each year in riparian
species for example, but large gregarious flowerings
happen at intervals of 3 or 4 years (Sri Lanka) or 5 or 10
years (aseasonal Malesia) (Ashton 1988, 1989). The
gregarious flowerings are synchronous within
populations and occur over several months for the whole
family (Ashton 1969, Chan 1977, 1980, 1981, Ng 1977).
Certain understorey Stemonoporus and Shorea however,
do not follow this timing. The climatic boundaries closely
coincide with the boundaries of the regions of exceptional
dipterocarp diversity. The abundance of species and
gregarious flowerings both occur in aseasonal west
Malesia.

Detailed information on these aspects is needed for
the American and African taxa.

Morphological Trends Related to Biological
Patterns

Deciduousness is mainly connected to seasonal areas
while evergreen trees are more frequent in the aseasonal
zones (Ashton 1979a). Degree of hairiness decreases
from seasonal to aseasonal; the extreme expression of
glabrousness is in understorey taxa such as certain Vatica
and many Hopea. The tomentum disappears first from
leaves, then from twigs, followed by the young shoots
and finally the inflorescence and floral parts. Similar
trends exist in Africa with Marquesia species from the
open savanna forests and the only species from the rain
forest, Marquesia excelsa.

Flower and fruit characters have strongly influenced
dipterocarp classification. Flower size seems constant
within genera and Shorea sensu lato subdivisions, except
in Dipterocarpus. The larger flowered taxa have their
crowns in or above the canopy. This is the case for
Vateria, Vateriopsis, Dipterocarpus, Anisoptera,
Parashorea, Shorea section Shorea (Ashton’s sub-
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section Shorea), Pentacme, Doona and Anthoshorea
which form a full complement of supraspecific taxa
exclusively confined to canopy in the Asian seasonal
tropics (Ashton 1979a). But many other emergent
Shorea, especially the Richetioides group, have small
flowers, whereas Vatica and Stemonoporus (many of
which flower beneath the canopy) have large flowers (as
big as Parashorea or Anthoshorea).

The anther and stamen sizes broadly follow the same
trend: a) in the seasonal area the anthers are large,
elongate and bright yellow for Vateria, Vateriopsis,
Dipterocarpus, Parashorea, and Pentacme; and b) the
same type of anthers also characterise certain taxa
confined to aseasonal regions: Dryobalanops,
Cotylelobium, Neobalanocarpus, Stemonoporus,
Ashton’s Shorea section Rubellae, and Doona. In the
other taxa, such as Anthoshorea and Ovalis, anthers are
smaller, white and subglobose to ellipsoid; Richetioides
presents the smaller ones. The African taxa seem to
possess numerous stamens of medium size (drawings
of Verdcourt 1989).

The number of stamens (Ashton 1979a) is often 15:
Vateria, Vateriopsis, most Dipterocarpus species,
Anisoptera section Anisoptera, Dryobalanops, Shorea
sections Shorea and Rubellae, 6 species of Anthoshorea
all in seasonal sites, Ovalis, 1 species of Brachypterae,
1 species of Richetioides, and 3 species of Hopea (2 of
which are in seasonal sites). Ten species have less than
15 stamens: 10 stamens in 6 species of Hopea and 3
species of Richetioides, 5 stamens in 2 species of
Stemonoporus and 1 species of Vatica.

Large flowers produce large pollen grains (Muller
1979). Flower and pollen dimensions will interfere with
potential pollinators. Clear relations have been
demonstrated between ovary shapes and sizes within
Shorea sensu lato subgroups and pollinator size or
taxonomical group (Chan and Appanah 1980, Appanah
and Chan 1981, Appanah 1990). Bees pollinate large
yellow elongate anthers while thrips pollinate small,
white anthers. Bees prevail in seasonal tropics and Sri
Lanka. Pollination changes during geological to present
times probably explain much of the present aspect of
dipterocarps. This is an important point to consider when
planting trees outside their original areas. Forest
degradation may result in the absence of tree
reproduction by extinction of pollinators.

The biggest fruits are in taxa with large flowers, and
more frequently in species producing wingless-fruits

than in species with winged fruits. There is also a relation
between large dimensions and the development of a
protective thickening of pericarp and/or calyx base to
prevent dehydration of the embryo and sometimes
permit floating of the fruit (Maury 1978, Maury-Lechon
1979b, Maury-Lechon and Ponge 1979). Thickened sepal
bases are a defining character of Shorea sensu Ashton,
but do not occur in Anisoptera, Upuna, Cotylelobium
or Sunaptea. Pericarp thickenings characterise
particularly the Pachynocarpus and Vatica groups of
genus Vatica and genera Stemonoporus and Vateria. The
thickening is of different type in Monotoideae and the
case of Dipterocarpus remains apart because of the
variously thickened calyx ornamentations (tubercules,
simple or folded wings). The protective thickenings
mainly develop in the group of taxa forming 15 elongate,
large, yellow anthers. Large fruits are produced in smaller
numbers, and they represent an investment which lowers
risks in weakly lit places. The increased size of seed-
embryo probably demonstrates a trial for better survival
in unpredictable habitats with irregular supply of light
and nutrients (and water) during the germination period
of non-dormant seeds. However, fewer fruits are
produced, so that investment is in fewer high-cost seeds
bearing other risks of probably lower intensity. Animal
predation is mainly by insects and seeds do germinate
and develop normal seedlings in spite of insect larvae
which continue their development within the fleshy
cotyledonary limbs; human predation is more drastic and
mainly corresponds to traditional and industrial oil
extraction.

The 5-winged fruits of Pakaraimaea, Monotes and
Marquesia clearly disperse in open and windy habitats,
as probably do that of Pseudomonotes (detailed
information not yet available). In these taxa pollen and
nuts show evident adaptations to the dry conditions of
their seasonal climates: thick layers and protected
apertures, while the thin coriaceous pericarp of the ripe
fruit of Marquesia excelsa is an exception (Maury et
al. 1975a, b, Maury 1978, Maury-Lechon 1979a, b,
Maury-Lechon and Ponge 1979). In Asia the winged-
light fruits of Sunaptea and Cotylelobium, of certain
species of Hopea, Shorea (Ashton sensu lato) and
Upuna present thin pericarps, even in seasonal regions.

Asian taxa have developed winged fruits in seasonal
and aseasonal regions. In closed forests these fruit wings
have limited possibilities for dispersal. However, over
the canopy and at forest borders, storms and very strong
winds at the beginning of the rainy season may transport
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them for several hundred metres and sometimes about
one kilometre. In the open dry deciduous forest of the
seasonal Asian regions the dispersal of dipterocarp
winged fruits becomes much more efficient. However,
occasional dispersal over long distances has probably
succeeded, judging from the present high diversity of
Asian dipterocarp habitats in aseasonal regions.

Classification

The full set of taxonomic and systematic works available
has been reported and discussed in the more recent flora
books, monographs, theses and other publications of
Ashton (1962, 1963, 1964, 1967, 1969, 1972, 1977,
1979b, c, d, 1980, 1982), Bancroft (1933, 1934, 1935a,
b, ¢, d, e, 1936a, b, 1939), Bisset et al. (1966, 1967,
1971), Damstra (1986), Diaz and Ourisson (1966), Diaz
et al. (1966), Gottwald and Parameswaran (1964, 1966,
1968), Jacobs (1981), Jong and Lethbridge (1967), Jong
and Kaur (1979), Jong (1976, 1978, 1979, 1980, 1982),
Kochummen (1962), Kochummen and Whitmore
(1973), Kostermans (1978, 1980, 1981a, b, c, 1982a,
b, 1983, 1984, 1985, 1987, 1988, 1989, 1992), Maguire
(1979), Maguire et al. (1977), Maguire and Ashton
(1980), Maguire and Steyermark (1981), Maury et al.
(1975a,b), Maury 1978, Maury-Lechon (1979a, b, 1982
in Ashton: p. 265-266 ripe embryo, germinating
seedlings and 268 palynology, 1985 in FAO: palynology,
Maury-Lechon and Ponge (1979), Meijer (1963, 1968,
1972, 1973, 1974a, b, 1979), Meijer and Wood (1964,
1976), Ourisson (1979), Parameswaran (1979a, b),
Parameswaran and Gottwald (1979), Parameswaran and
Zamuco (1979, 1985 in FAO), Rojo (1976, 1977, 1979,
1987), Rojo et al. (1992), Sidiyasa et al. (1986, 1989a,
b), Smitinand (1958a, b, 1979, 1980), Smitinand and
Santisuk (1981), Smitinand ef al. (1980, 1990), Sukwong
(1981), Sukwong et al. (1975), Tao and Tong (1982),
Tao and Zhang (1983), Tao and Dunaiqiu (1984), Tewary
(1984), Tewary and Sarkar (1987a, b), Verdcourt (1989),
Vidal (1960, 62, 79), Whitmore (1962, 1963, 1976,
1979, 1988), Wildeman (1927), and Wildeman and
Staner (1933).

Affinities of the Dipterocarpaceae Family
Hutchinson (1959, 1969 in Maury 1978) put the family
in the order Ochnales and later suggested a phylogenetic
location of the order at the end of a series whose
progressive steps were ordered as follows: Magnoliales,
Dilleniales, Bixales, Theales and Ochnales.

Cronquist (1968) moved Dipterocarpaceae into the
order Theales and Takhtajan (1969) regrouped Ochnales,
Theales and Guttiferales in Theales and placed
Dipterocarpaceae under it near Lophiraceae and
Ancistrocladaceae. Dalgren (1975) placed the
dipterocarp family in the order Malvales under
superorder Dilleniflorae.

After the description and detailed study of
Pakaraimaea dipterocarpacea and its inclusion in
Dipterocarpaceae, Ashton removed the family from
Guttiferales and considered the imbricate calyx of
Dipterocarpaceae and Sarcolaenaceae (Maguire et al.
1977) as an isolated and derived character among
otherwise Malvalian features, and hence a justification
for inclusion in Theales. From the study of Pakaraimaea,
a closer affinity was underlined between the
Dipterocarpaceae and Sarcolaenaceae families. Indeed,
the affinities between these two families within the
Malvales could be regarded as greater than with the
Tiliaceae (Maguire and Ashton in Maguire et al. 1977:
p- 359-361). The Tiliaceae relation is stronger with the
African taxa while for the American Pakaraimaea the
strong affinities are to be found with the Sarcolaenaceae
(De Zeeuw, in Maguire et al. 1977). The Monotoideae
could be a link between Tiliaceae and Dipterocarpaceae.

Previously Blume (1825), who first described the
family Dipterocarpaceae, Pierre (1889-1891 in Maury
1978), Heim (1892) and Hallier (1912 in Ashton 1982)
mentioned the close affinity of Monotes and Tiliaceae.
Heim and Hallier had concluded that Monotes did not
belong to Dipterocarpaceae (Kostermans 1985). The
tilioid structure of the pollen exine (Maury et al. 1975a,
b) in Asian and African taxa again called attention to these
possible affinities with Tiliaceae.

Kostermans (1978) excluded Monotoideae and
Pakaraimoideae from Asian Dipterocarpaceae and
formally described the family Monotaceae (suggested
by Maury 1978, Maury-Lechon 1979a, b, Maury-Lechon
and Ponge 1979) and recognised close relations between
Monotaceae and Tiliaceae. By the structure of the pollen
exine the Monotoideae strongly differ from Asian
Dipterocarpaceae in spite of the similarities of the tilioid
aspect of the exine surface.

Later Kostermans (1985) concluded that ‘it is very
difficult to make a decision of alliance of the real Asiatic
Dipterocarpaceae. They are not much allied to Guttiferae
or Ternstroemiaceae’ (=Theaceae) ‘and apparently
represent an ancient family, in which nowadays links with
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other families have disappeared.” Thus we can just ‘resign
ourselves to leave the Dipterocarpaceae s.s. near the
Guttiferae and Ternstroemiaceae (=Theaceae). With the
Malvales or Tiliales they have very little or nothing in
common.’

However, with recent help of molecular techniques
on two species of Dipterocarpoideae (Shorea stipularis,
Anthoshorea section, and S. zeylanica = Doona
zeylanica) (Chase et al. 1993), Dipterocarpaceae are
placed as an outlier in the order of Malvales. Its relations
with Malvales are with Bombacaceae (Bombax),
Tiliaceae (Tilia), Sterculiaceae (Theobroma) and
Malvaceae (Thespesia, Gossypium). This work on
chloroplast plastid gene rbcL.1 confirms several major
lineages which correspond well with Dalgren (1975)
taxonomic schemes for Angiosperms.

From the serology studies of John and Kolbe (1980)
and Kolbe and John (1980) the further existence of the
‘Theales’ is not justified if it contains Guttifereae,
Dipterocarpaceae and Ochnaceae.

In other works on DNA (Tsumura ef al. 1993,
Wickneswari 1993) parsimony analysis of molecular
data revealed three major groups which resemble
conclusions drawn from the anatomy of cotyledonary
nodes (Maury 1978, Maury-Lechon 1979a,b). These are:
an ancient group comprising Upuna, Cotylelobium,
Vatica (V. odorata which is a Sunaptea), an intermediate
group comprising Dryobalanops and Dipterocarpus,
and an advanced group comprising Shorea, Hopea and
Neobalanocarpus.

Characters Specific to Dipterocarpaceae

Among the numerous characters cited in the literature
there is not a single character shared by all species of
Dipterocarpaceae sensu lato. A detailed study is needed
to verify the flower bud sepals in all species; a semi-
quincuncial sepal arrangement is reported in
Pakaraimaea and Monotoideae (Maguire et al. 1977),
while this arrangement is imbricate (=semi-quincuncial)
or valvate in Dipterocarpoideae.

On the contrary three biological characters exist in
all species of Dipterocarpaceae sensu stricto: the stamen
architecture (Kostermans 1985) and the pollen type
(tricolpate grains, exine without endexine: Maury et al.
1975a, b), and the absence of real post-germinative
growth of cotyledons (Maury 1978, Maury-Lechon
1979a, b, Maury-Lechon and Ponge 1979).

The detailed aspects of stamens were underlined by
Kostermans (1985): Asian Dipterocarpaceae ‘without a
single exception, have short, very much flattened, broadly
(more rarely narrowly) triangular filaments, which
terminate in a very short, thin, cylindrical part, which
continues behind the pollen sacs as a cylindrical, often
differently colored connectival part and often protrudes
beyond the place of insertion of the pollen sacs, giving
the impression of a sporophyllous ‘leaf” to which the
pollen sacs are attached at the interior surface. The
anthers are actually dorsifixed, but they appear to be
basifixed. It seems that the stamen architecture is one
of'the ‘old’ characteristics of Dipterocarpaceae s.s. which
remained immutable (and hence defines the family, cf.
Stebbins, 1974 and Melville 1983).” (Stebbins, 1974 and
Melville 1983 in Kostermans 1985).

‘In Monotoideae the filaments are very long,
cylindrical, thin, the 2-celled anthers are dorsally
attached, versatile, there is no extension of the filament
behind the pollen sacs and there is no protruding part
(this is sometimes also lacking in Dipterocarpoideae,
but often replaced by this setae). The pollen sacs of
Dipterocarpoideae are separately and rather loosely (not
completely) tied to cylindrical dorsal connectival part;
the 2 or 4 sacs are not much connected, their tips are
free and pointed or very pointed; the tips have no
connective tissue. C. Woon and Hsuan Keng (1979) have
depicted numerous stamens of the Asiatic
Dipterocarpaceae and all have the same form. In the
Monotoideae, on the contrary, the 2 pollen sacs are
united at their apex (not in Marquesia) by a thick,
triangular-ovoid connectival tissue’ (Kostermans 1985).
Further investigation is thus needed in Asian, African and
South American taxa (including the new Colombian taxon
Pseudomonotes) to judge if these differences have been
over-estimated.

Anatomically the presence of wood resin canals and
multiseriate wood rays, also characterise the Asian taxa.
Chemically the presence in the resins of the Asian
dipterocarps of dammaranic triterpenes and
sesquiterpenes, combined with the absence of
monoterpenes is also common to all Asian species
examined by Ourisson’s team (Bisset ef al. 1966, 1967,
1971, Diaz and Ourisson 1966, Diaz et al. 1966). The
triterpenes derived from the skeleton ‘epoxyde of
squalene’ (precursor of sterols) constitute a familial
feature for Dipterocarpaceae sensu stricto. The
distribution of the other resin compounds (particularly
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dipterocarpol) is considered of inferior rank (generic:
for example, the hydroxydammarenon in genus
Dipterocarpus; sub-generic: the sesquiterpenes derived
from humulene at infrageneric rank).

From the study of pollen, fruit, embryo and young
seedlings (Maury 1978, Maury-Lechon 1979a, b)
biological characters of seed germination have been used
together with pollen types and exine structure, at familial
and sub-familial levels. Other characters of the anatomy
of very young seedlings and the morphology of ripe fruit,
the epidermis of seedling cotyledons and the two first
leaves, have been hierarchically ordered. Thus a new
classification was proposed, without formal descriptions,
to serve as a base for further studies on the delimitation
of natural groups of taxa inside Dipterocarpaceae sensu
lato (cf. below: present classifications).

Supraspecific Taxa in Dipterocarpaceae

Apart from the above familial and sub-familial rank, four
principal taxonomic criteria have been expressed (Ashton
1979c¢) for definition of supraspecific taxa in current
revisions: 1) at least a pair of characters which are not
functionally interrelated; 2) these characters should be
common to all species in the taxon; 3) there should
therefore be clear discontinuities in the variation
between taxa; and 4) the prime goal of taxonomy should
be to achieve nomenclatural stability. ‘Given these
criteria, genera must be regarded as essentially artificial
groupings in the sense that they are defined by breaks in
the total range of variation’ (Ashton 1979b, p. 129).

In Asian Dipterocarpaceae most characters
correspond to two main trends expressed in the tribes
Dipterocarpi and Shoreae sensu Ashton (1979b), which
are nearly equivalent to ‘Valvate’ and ‘Imbricate’ groups
sensu Maury-Lechon (1979a) except the Dryobalanops
genus, which in the latter is intermediary (certain
characters of Imbricate type and others of Valvate type).
In these groups the characters are greatly or weakly
predominant but their presence (and intensity) is not
systematic in all species of the group. This situation
explains the difficulty of establishing clear deliminations
or affinities. Chromosome numbers (n=7 in most
Imbricate species and n=11 in Valvate taxa) illustrate
these facts and provide some explanation.

The main differences between Ashton’s and Maury-
Lechon’s two main groupings are:

1. in Ashton: presence (Shoreae) or absence

(Dipterocarpi) of the incrassate fruit sepal base (as
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opposed to whole calyx tube), and in most cases the
basic chromosome n-number is consistent for each
of the two groups (7 in Shoreae, 11 in Dipterocarpi),
as also are the scattered (Dipterocarpi) or tangential
bands (Shoreae) of resin canals;

. in Maury-Lechon: some consistent characters for

each of the two groups (a), and most frequent ex-

pression of some other characters in each group (b);

a) Three consistent characters:

* fruit-sepal base arrangement in ripe fruit: imbri-

cate (Imbricate group), valvate (Valvate group) or

intermediary (mainly Dryobalanops, but also

Parashorea or Stemonoporus) according to their

development from flower-bud to open flower. Se-

pals are clearly imbricate before the petals develop
out of the sepal bud and remain so after the petals
have grown out of the sepal bud in the Imbricate
group. The sepals are imbricate at first and then only
retain some traces of imbrication in Dryobalanops,

Stemonoporus, Vateria, Marquesia, Monotes; im-

bricate at first and then valvate in all Vatica, and

valvate all along their development in

Dipterocarpus;

number of strata in pollen exine (3 in Imbricate

group or 2 in Valvate group, and 4 in Monotoideae

and Pakaraimoideae); basic chromosome n-number

(mostly 7 in Imbricate, 11 in Valvate, intermediary

cases), tilioid structure of exine absent (Imbricate)

or present (Valvate), and columellae shape-type T

and Y (Imbricate) or V and U (Valvate),

in secondary wood: arrangement of vessels grouped

(Imbricate) or solitary (Valvate), resin canals in

bands (Imbricate) or scattered (Valvate) with cel-

lular divisions of canal formation radial (Imbricate)
or oblique (Valvate);

b) Three most frequent expressions:

* fruit: number of incrassate bases of sepals (and
number of accrescent sepals) 2 or 3 (Imbricate)
or 0 or 5 (Valvate), bases of fruit sepals free (Im-
bricate) or fused (Valvate), type of pericarp tissue
rigid (Imbricate) or rigid to soft (Valvate), fruit
equatorial section circular (Imbricate) or circular
to 3-symmetric (Valvate);

* embryo: cotyledons ‘covering-piled” (Maury 1978)
(Imbricate), neither covering nor piled (Valvate),
hypocotyl inferior or median-inferior (Imbricate),
not inferior but apical or median (Valvate);

* seedling: cotyledons bilobed (Imbricate), or en-
tire (Valvate), number of root-xylem poles 4 (Im-
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bricate) or 6, 8 or 10 (Valvate), cotyledonary vas-
cular bundles uni to trilacunar (Imbricate) or tri to
multilacunar (Valvate), stomatal types in first leaves
paracytic, or para-cyclocytic, or anomo-cyclocytic
(Imbricate) versus cyclocytic or anomocytic or
anisocytic (Valvate), stomata elongate and sunken
in the epiderm (Imbricate) or round and raised
above the epiderm (Valvate).

The overall pattern of infrageneric variation supports
the establishment of the two Asian groups Dipterocarpi
and Shoreae (tribes: Ashton 1979b) or Valvate and
Imbricate (Maury 1979a). Wood anatomy
(Parameswaran and Gottwald 1979), palynology and
characters of fruit-embryo-seedling (Maury et al. 1975a,
b, Maury 1978, Maury-Lechon 1979a, b, Maury-Lechon
and Ponge 1979) locate the genus Dryobalanops at an
intermediary position between Shoreae-Imbricate and
Dipterocarpi-Valvate groups. Its calyx in ripe fruit is
subvalvate, thus close to the Valvate group, but the
chromosome number is 7 as in the Imbricate group.

The basic distinctions of these two groups are:

1. Valvate- Dipterocarpi group: base of sepals in calyx
of ripe fruit valvate, vessels solitary, resin canals scat-
tered; basic chromosome number n=11: Vateria,
Vateriopsis, Stemonoporus, Vatica, Cotylelobium,
Upuna, Anisoptera, Dipterocarpus. and

2. Imbricate-Shoreae group: fruit sepals imbricate at
the incrassate-cupped base of the ripe fruit, vessels
always grouped, resin canals in tangential bands, ba-
sic number n=7; Shorea, Parashorea, Hopea,
Neobalanocarpus.

Loosely associated genera such as Vateria L. and
Vateriopsis Heim are distinguishable on many characters
such as floral parts, bark, fruit, embryo, germination, and
wood anatomy, as are Stemonoporus Thw., Cotylelobium
Pierre and Sunaptea Griff. by the same features. The
other taxa in Vatica L. show the same nervation type and
rather comparable adult wood or bark anatomy. However,
a high diversity occurs in vascular structures in the
seedling cotyledonary-node (Maury 1978; Fig. 677-679,
p- 309-313, Maury-Lechon 1979a, b; Fig. 16 p. 100). A
certain diversity also exists in flower-bud development
(Maury 1978; vol. 1I tables VI, VIL, p. 51-52) or style-
stigma and stamen shapes (Woon and Keng 1979; Fig.
30, p. 40). A high diversity is observed in fruit forms of
sepal aestivation and wing-accrescence, and pericarp or
sepal incrassatescence (Symington 1943, Ashton 1964;
Fig. 10, 1968; Fig. 29, Maury 1978; Vol. 11, Tables VI,

VII, p. 51-52). Stemonoporus present a unique terminal
bud set in a depression at the twig apex which is prolonged
beyond the last leaf insertion. In Anisoptera the two
sections are based on floral and bark aspects. Parashorea
stands out on account of its flower and its 5 or non-winged
fruit.

The infrageneric classification of the three genera
Shorea, Hopea and Neobalanocarpus is more complex.
Shorea and Hopea differ morphologically by the number
of thickened bases of calyx (respectively 3 and 2) which
eventually expand into wings; this is the sole consistent
difference. Shoreas are mainly tall emergent or canopy
trees while Hopeas mainly remain understorey or in the
canopy. Flowers and leaf venation may distinguish the
two genera but these characters also separate the sections
within the two genera and are not constant for either genus
as a whole (Ashton 1979b). Hopea sections differ by
leaf characters only, while within each section the two
subsections are principally classified by the shape of the
floral ovary.

Heim (1892) first and Symington (1943) afterwards
produced sound groupings of Shorea and later noticed
that floral characters closely correlate with field
characters of bark morphology and wood anatomy in
defining groups. However, Symington never gave a formal
nomenclature to his groups (Ashton 1979b). Floral
characters also correlate with pollination biology (Chan
1977, 1981, Chan and Appanah 1980, Appanah and Chan
1981, Appanah 1990). For these reasons and in light of
the Woon and Keng’s (1979) results, additional emphasis
has to be put on the importance of stamen shapes in the
family Dipterocarpaceae.

Some of the characters by which the groups in
Shorea are recognised are also those which distinguish
Cotylelobium, Vatica, Stemonoporus, Vateria and
Vateriopsis as genera. This evidence was stressed by
Parameswaran and Gottwald (1979) from wood anatomy
studies. They stated that groups Anthoshorea, Shorea,
Richetia, and Mutica merited generic status. However,
Ashton maintains a different status for these groupings
in Shorea. On the contrary he gives generic rank to Vatica
and its allies. He justifies this difference of treatment
owing to the presence of species with intermediate
character states between most of the flowers within the
Shorea group, as opposed to their absence between the
taxa of the Vatica group. This situation could result from
different degrees of diversification potential, and merits
further investigation.
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Consistent Criteria for Definition of Species and

Sub-species

Consistent criteria (Ashton 1979a) for definition of

species and sub-species were expressed for

Dipterocarpaceae as follows:

1. Size differences are not by themselves sufficient,
neither are differences of leaf size and shape com-
bined. Differences in fruit size are likewise unreli-
able and rarely correlate with other characters; col-
lections from one tree in different years often ex-
hibit great variation. A consistent discontinuity in leaf
size, when correlated with differences in androecium
or gynoecium, in qualitative (not quantitative) char-
acters of indumentum, with qualitative characters of
the twig or stipule or with a discontinuity in the range
in the number of leaf nerves does constitute an ad-
equate criterion for separating species.

2. Subspecies can be defined where discontinuities oc-
cur in the range of dimensions of parts, in tomentum
distribution and in density. However, sometimes taxa
which share a unique qualitative character, especially
of fruit or flower, are recognised as subspecies even
though they may differ qualitatively in vegetative
parts.

Experience has shown that this definition of
subspecies is sometimes too conservative (for example,
Shorea macroptera ssp. baillonii and ssp.
macropterifolia occur together in some forests, Vatica
oblongifolia ssp. multinervosa, ssp. crassilobata and
ssp. oblongifolia do seem at times to intergrade. This
definition of subspecies, albeit consistent, is essentially
arbitrary but may be useful when evidence of
hybridisation in nature is unavailable.

Ontogenetic Aspects of Morphological and
Anatomical Characters

In Dipterocarpaceae decisions on the primitiveness or
derived conditions of characters are drawn from personal
hypotheses on the evolutionary trends within and between
angiosperm families. Ontogenic trends may follow
evolutionary trends. Even in the absence of this
relationship, study of the embryonic trends helps to
understand taxonomic relations.

Chemotaxonomic studies have shown (Ourisson
1979) the existence of certain chemical directions for
molecular construction in the family: from the epoxyde
of squalene to the triterpenes of the resins, in all species
of dipterocarps sensu stricto.

The embryogenesis from seed germination to young
seedling in dipterocarps analysed by Maury-Lechon has
demonstrated a unique direction for the construction of
the vascular structures in cotyledon node and petiole,
from simple to very complex (Maury 1978, Maury-
Lechon 1979a, b, Maury-Lechon and Ponge 1979). This
trend exists in certain species at different developmental
phases and morphological levels (node: base, mid-part,
top of petiole) within a single plant (e.g. Vateria
copallifera in Maury-Lechon 1979b; photographs Fig.
49). In other species the trend may be visible by
comparing plants of a given species (most genera of the
family: Dipterocarpus, Dryobalanops, Parashorea,
Vatica sections Vaticae and Pachynocarpus, Vateria,
Hopea and Shorea) or by comparison of different
species at a given stage of development and
morphological level as, for example, from the simple
trilacunar vascular structures of cotyledonary petiole in
Shorea curtisii, to the increasing complexity of
Stemonoporus affinis, S. reticulatus and finally the
trilacunar appearance of the very complex structure of
Vateria copallifera (Maury 1978, Maury-Lechon
1979b). Simplest structures (unilacunar with a single
resin canal in cotyledonary node) are remarkable in
Sunaptea, Cotylelobium, Upuna and also exist in certain
Hopea, Anthoshorea, Richetioides and Muticae.
Monotes and Marquesia have different (no canals and
different organisation of vascular bundles) and more
complex structures than the Asian simplest forms.

These simplest structures correspond to the taxa with
small winged fruits, well dispersed by wind, thus again
with the open areas and long distance migrations. These
structures allow a better putative relation with the African
and American taxa (simple but of different type and
devoid of resin canals). They could evoke ancestral
dipterocarp migrations in more open, windy and perhaps
drier environments than those of the present rain forest.

Polyploidy, Polyembryony, Apomixy and
Variability of Dipterocarp Characters

The two basic chromosome numbers tend to remain
constant within a single genus and between groups of
genera even in heterogeneous genera like Shorea and
Hopea. 1t is premature to say which of the numbers is
derived or ancestral (Jong and Kaur 1979). There is a
low frequency of polyploidy series and intraspecific
polyploids in the Asian genera Shorea and Hopea,
especially in cases where polyploidy is associated with
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agamospermy. Intraspecific polyploidy has been
reported in Hopea odorata and Dipterocarpus
tuberculatus (Jong 1976).

It has been demonstrated that certain species produce
polyembryonic seeds (Maury 1968, 1970a, b, Kaur ef
al. 1978). Shorea ovalis ssp. sericea is tetraploid with
frequent polyembryony. These polyembryos originate
from nucellar cells at the micropilar end of the ovule
(Jong and Kaur 1979). However, fruit formation in S.
ovalis requires stimulation of pollination (Chan 1980),
which is pseudogamous. Pollen tubes have been observed
in some embryological preparations, thus the possibility
exists that a zygotic embryo is sometimes formed. Some
participation by embryo-sac cells other than the egg in
the formation of pro-embryos, in addition to those
derived from the nucellus (Jong and Kaur 1979), could
also be possible.

On the basis of chromosome number (odd
polyploidy) and other tentative evidence, it may be
inferred that all triploids or near triploids (Kaur et al.
1978) may also be apomicts with polyembryony. The
triploid condition may have arisen in some cases from
hybridisation between diploid and tetraploid congeners.
Agamospermy may indeed provide a mechanism for
overcoming chromosome sterility, and/or for the
stabilisation of a heterozygous combination favoured by
natural selection (Grant 1971 in Jong and Kaur 1979).

A close association between agamospermy,
polyploidy and hybridity has been demonstrated in a wide
range of temperate angiosperms (Gustafsson 1947,
Stebbins 1960). Even though much available evidence is
indirect, such a pattern may also occur in Shorea and
Hopea.

Apomictic plants are troublesome for taxonomists
because of the multitude of biotypes or microspecies
that result from agamospermous reproduction; the
periodic occurrence of hybridisation involving
facultative apomicts and related sexual species generate
additional variant forms which add to the complexity of
the variation pattern. Some classificatory difficulties in
Dipterocarpaceae at the supraspecific level presented by
Shorea and Hopea may well be attributable to the
presence in each genus of species groups or agamic
complexes in which sexual and related agamospermous
taxa exist side by side. Agamospermy whether facultative
or obligate could well be an important contributory factor
to the floristic diversity of the lowland mixed dipterocarp
rain forests of southeast Asia (Kaur et al. 1978).

Present Classifications

The four more recent classifications (Tables 1, 2, 8) of
the family Dipterocarpaceae (Ashton 1964, 1968, 1982,
Meijer 1963, 1979, Maury 1978, Maury-Lechon 1979a,
b, Maury-Lechon and Ponge 1979, Kostermans 1978,
1992) have retained large parts of the previous
classifications from Heim (1892) and Symington
(1943).

Meijer has only taken into consideration the genera
growing in Sabah and Kostermans has centered his works
on Sri Lankan taxa and the three non-Asian genera.

Ashton had a taxonomical approach, while Maury-
Lechon concentrated on the definition of natural groups
and their phylogenetic trends. They both utilised the
results of anatomy studies produced by Whitmore (1963)
on bark, Gottwald and Parameswaran (1964) and Brazier
(1979) on wood. Likewise, they used works on cytology
from Jong and Kaur (1979), embryology,
chemotaxonomy (Ourisson et al. 1965, Diaz and
Ourisson 1966, Diaz et al. 1966, Ourisson 1979) and

Main aspects of Ashton’s classification (see also
Tables 1, 2, 8)

Taxonomical levels

Family (1): " Dipterocarpaceae (16 genera, 3

sub-families, 2 tribes)

Sub-families (3): " Pakaraimoideae: 1 monospecific

genus, 2 sub-species

" Monotoideae: 2 genera Monotes
(more than 24 species),
Marquesia (about 3 species)

" Dipterocarpoideae (2 tribes, 13
genera, 17 sections, 12 sub-
sections):

Tribes (2): " Dipterocarpi (8 genera, 4-5
sections): Dipterocarpus,
Anisoptera (2 sections), Upuna,
Cotylelobium, Vatica (2-3
sections), Stemonoporus,

Vateria, Vateriopsis.

"  Shoreae (5 genera, 13 sections,
12 sub-sections): Hopea (2
sections, 4 subsections), Shorea
(11 sections, 8 subsections),
Parashorea, Neobalanocarpus,
Dryobalanops.




Biogeography and Evolutionary Systematics of Dipterocarpaceae 31

the herbarium collections of Asia (Forest Research
Institute Malaysia, Kepong including Symington’s
collection; Bogor in Indonesia, Peradeniya in Sri Lanka,
Bangkok in Thailand) and Europe (Kew in U.K, Paris and
Lyon in France, Leiden in Netherlands) where large
collections including Ashton’s, Meijer’s, and Maury’s,
are preserved.

There is a certain complementarity in the above
works, but a synthetic classification integrating all
previous results is still not available. Traditional and
modern approaches will have to be integrated, including
DNA and mathematical analyses, as well as the use of
computer systems for determination and treatment of
the data.

Main aspects of Maury-Lechon'’s classification (see
also Tables 1, 2, 8)

The taxonomical levels have intentionally been left
without formal definition to serve as a base for further
research. The relative position of these levels is much
more important than their names. However, to facilitate
the explanations, the more proximal names usually
adopted for these divisions were used (Maury-Lechon
1979a).

The separation of Monotoid taxa from the
Dipterocarpaceae underlines the differences that
introduce heterogeneity when these taxa are put together
with the Asian group in the same family. The grouping of
Monotaceae and Dipterocarpaceae in a supra-familial
joint division (order or suborder), reminds the greater
affinities of these two families among the other
angiosperms. All the other groups aim to underline the
closer resemblances on the basis of living biological,
morphological and anatomical characters of the
successive ontogenic phases (mainly fruit-seed, embryo,
seedling) and the pollen types and structures.

The characters of embryo-seedlings and pollens
strongly emphasise the particular position of
Anthoshorea close to Doona and partly to Pentacme
within the Anthoshorinae group, and their position near
Hopea and Neobalanocarpus in the Imbricate group.

Still stronger relations exist with the intermediary
genus Dryobalanops leading directly to the Valvate
group. Tighter connections of the latter genus occur
within the Dipterocarpae subgroup (Dipterocarpus and
Anisoptera) as well as with the Vaticae subgroup through
Sunaptinae taxa first (Cotylelobium mainly, Sunaptea
too), and then to Stemonoporus. Through Dryobalanops

Taxonomical levels
Supra-family -
level (1) (order

or sub-order):

Family level Monotaceae (3 genera:

(2): Pakaraimaea, Marquesia,
Monotes)

- Dipterocarpaceae (2 infra-family
groups: sub-families, 4 sub-groups:
tribes, 9 sub-subgroups: sub-tribes,
19 genera)

- Imbricate [2 tribes (a & b), 3 sub-
tribes, 9 genera, 19 sections]

- Valvate [2 tribes (c & d), 7 sub-

tribes, 10 genera, 8 sections]

Hopeae (2 genera, 4 sections):

Hopea (4 sections),

Neobalanocarpus

b) Shoreae (3 sub-tribes, 7 genera, 15
sections):

- Anthoshorinae (3 genera): Doona,
Pentacme, Anthoshorea (2
sections)

- Shorinae (3 genera): Shorea (2
sections), Richetia (2 sections),
Rubroshorea (7 sections)

- Parashorinae (1 genera):
Parashorea (2 sections)

c) Dipterocarpae (2 sub-tribes, 3

genera, 2 sections):

Dryobalanoinae (1 genus):

Dryobalanops

- Dipterocarpinae (2 genera):
Dipterocarpus, Anisoptera (2
sections)

d) Vaticae (5 sub-tribes, 7 genera, 6
sections):

- Upuninae (1 genera): Upuna

Sunaptinae (2 genera):

Cotylelobium, Sunaptea (2 sections)

- Vaticinae (1 genus): Vatica pro

parte (2 sections)

Stemonoporinae (1 genera):

Stemonoporus (2 sub-groups)

Vaterinae (2 genera): Vateria,

Vateriopsis

Dipterocarpales (2 families)

Sub-family
level (2):

Tribe level (4): a)

another line of similarities leads to Anisoptera, Vateria
and Vateriopsis.

Pollen, embryo and seedling characters, as well as
parsimony analysis of molecular data (Tsumura et al.
1993, Wickneswari 1993), show similar conclusions. By
the pollen surface resemble
Dryobalanops, Doona, Neobalanocarpus heimii and
Cotylelobium, and a basic similarity exists between
Dryobalanops and Dipterocarpus, as with cotyledonary
shapes.

Anthoshorea
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Table 8. Comparative classifications of Asian Dipterocarpaceae.

HEIM 1892 MAURY 1978 MEIJER 1964 ASHTON 1964-68-82 SYMINGTON 1943
Hopea Hopea Hopea Hopea Hopea
Euhopea, Hancea, Hopeae Group | Hopea Euhopea
Dryobalanoides, Pierreae - Group I Hopea, Pierrea Pierrea
Petalandra i Drﬁobalanoides -§ i Dryobalanoides Dryobalanoides
Pierrea i| Sphaerocarpae ! Dryobalanoides Bracteata
Duvallelia 1| Balanocarpus hemii : Sphaerocarpae
Balanocarpus ! :
Eubalanocarpus : : Neobal anocarpus Balanocarpus
Pachynocarpoides ; i | hemii hemii
Microcarpae H i
Sphaerocarpae i !
Parahopea wi !
\' Doona /) &' ( Doona ) Doona !
! 1> : ( Shorea \
( Pentacme \ £!| Pentacme 'z Pentacme ; Pentacme Pentacme
~i| Antoshorea : g /Shorea \ | Doona Shorea
|soptera H Anthoshoreze ;5 Anthoshorea i Anthoshorea ---}-m= Meranti Pa’ang
Richetia i| Bracteolaae _;® i
Shorea i| Shorea = Shorea é! Shorea --—t-> Balau
Eushorea ! Shoreae i Isoptera % : Shorea, Barbata
Anthoshorea ! Barbatae | Barbata, Ciliata : Neohopea
Hopeoides '| Richetia i Richetia i | Richeticides ---}-—3= Damar hitam
Richetioides i Richetioides ! i Richetioides
il Maximae ! % i Polyandrae
Rugosae "7 Rubroshorea :g g | Rubroshorea ! -
Muticae i8 Parvifolia subgr. : Mutica ---}-3 Parvifolia ;
Muticae .§ : Mutica subgr. 1
Auriculatae 1 i Auriculatae i -
Ovalis ! Ovalis subgr. i Ovalis --—f-> Ovalis subgr.g
Rubellae ! i | Rubelee 'z
Brachypterae Brachypterae ! i i Brachypterae —-—| - Pauciflora | &
yp ypi i Pauciflora subgr : y > )
Brachypterae Brachypterae | o ; Brachypterae subgr. i
Smithianeae Smithianeae | Smithiana subgr. i Smithiana H
Pachycarpae Pachycarpae —i & \__Pinanga subgr. / i \_ Pachycarpae / —
\ Parashorea ) Parashorea —,g- Parashorea | Parashorea
Tomentellae  § !
i

15

\Smithia"lae _.3/ !
1

Dryobalanops 1 Dryobalanops — Dryobalanops Dryobalanops

(Dryobalanoinae)

p
Dryobalanops
Baillonodendron

SUBVﬁ LVATE
1

1\ }

ﬁ:)ipterocarpus \ /Dipterocarpus \E Dipterocarpus ( Dipterocarpus Dipterocarpus
Sphaerales, N o 2
Angulati, Plicati, i g g
Alati, Tuberculati i ) Ak ) )

Anisoptera 1| Anisoptera S| ! Anisoptera Anisoptera Anisoptera
Pilosae, Glabrae, ! Anisoptera, § _: Pilosae Anisoptera Pilosae
Antherotriche : \ Glabrae / Glabrae Glabrae Glabrae

E /Upuna  (Upuninae)\ Upuna Upuna
( Cotylelobium E: Cotylelobium %) Cotylelobium z Cotylelobium Cotylelobium
Sunaptea <j| Sunaptea 3 5
Dyerella f:i Sunapteae =3 e
>i| vaticoides 8 ‘&J
1 =
/Vatica h ' vatica < Vatica e Vatica Vatica
Euvatica, Isauxis : Vaticae % § Synaptea Sunaptea Synaptea
Retinodendron H @ o Isauxis Vatica Isauxis
\Pachynocarpus ) . Pachynocarpus o 3 Pachynocarpus (Pachynocarpus?) Pachynocarpus
1
( Stemonoporus \ u Stemonoporus g Stemonoporus
Eustemonoporus 4 Sphaerae 3
Monoporandra Ovoides 8
Vesquella §
\Vateriopsis J Vateriopsis § Vateriopsis*
<
Vateria Vateria % Vateria

Paenoe
Hemiphractum

|

*: Ashton 1964, 1968, spelling changes in and after 1982; subgr.: sub-group.
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These features group together the living and fossil
dipterocarps which have lived together in the same
phytogeographical areas (Table 5). They also correspond
to the subsequent hypothesis concerning their potential
for differentiation (see above). They also suggest an
eventual remote relation from Anthoshorea to
Marquesia and then to Monotes.

In the Valvate division the Dipterocarpinae group
underlines the relations between the 2 subgroups: 1)
Dryobalanops, and 2) Dipterocarpus with Anisoptera.

Similarly the Vaticinae group emphasises the
existence of 5 subgroups:

1. Upuna alone but near subgroup 2;
2. Cotylelobium close to Sunaptea,
3. Vatica pro-parte intermediate between groups 1 and

2,and 4 and 5;

4. Stemonoporus position between subgroups 2 and 5;
5. Vateria, and Vateriopsis with particular similarities

(cotyledon position and shape, germination type) with

Vatica and also Anisoptera, Stemonoporus and

Cotylelobium.

Vatica genus (excluding Sunaptea) stands somewhat
isolated within the family Dipterocarpaceae by the pollen
characters principally, and much less so by some aspects
of embryo shape and structure (particularly seedling
vascular structure). As mentioned, the tilioid surface of
the pollen exine could suggest a proximity with
monotoid taxa, however, its structure is definitely
different (Maury et al. 1975a, b). New investigations are
needed on a great number of species of Vatica genus
sensu lato (including Sunaptea and Pachynocarpus) to
permit a clearer view on infra-generic variation of these
characters.

Main lines of Kostermans’ classification (See also
Tables 1, 2)

Kostermans has mainly considered the Sri Lankan taxa
so that, as in Meijer’s work, only the Asian genera
represented in this geographical area were analysed in
detail. Contrary to Maury-Lechon’s work he formally
described the Monotaceae family, as well as genera
Doona and Sunaptea (the latter including
Cotylelobium). No publication remains on his views
concerning the affinities of the genera inside his
Dipterocarpaceae family, nor in eventual sections within
the Shorea genus which includes Pentacme (Kostermans
1992). In Stemonoporus he suggests 2 sub-divisions
based on the pericarp aperture at germination (character
used in Maury 1978 and Maury-Lechon 1979a, b).

Taxonomical levels

Family (2): ™ Monotaceae (3 genera): Pakaraimaea,

Marquesia, Monotes

" Dipterocarpaceae (15 genera): Hopea,
Neobalanocarpus, Balanocarpus, Shorea,
Doona, Parashorea, Dipterocarpus,
Anisoptera, Dryobalanops, Upuna,
Sunaptea (Cotylelobium included), Vatica,
Stemonoporus, Vateria, Vateriopsis

Main Recent Taxonomic Changes:

They successively concerned the:

1. establishment of subgenera Shorea, Anthoshorea,
Richetia and Rubroshorea (Meijer 1963, Meijer and
Wood 1964);

2. establishment of 11 sections in genus Shorea includ-
ing the previous genera Doona and Pentacme (Ashton
1964, 1968, 1980, 1982);

3. proposition to re-install some ancient genera such
as Doona Thw., Anthoshorea Heim and Richetia
Heim outside genus Shorea Gaertn., Sunaptea Griff.
outside genus Vatica and Vateriopsis Heim out of
genus Vateria L. (Maury 1978, Maury-Lechon
1979a, b);

4. acceptance of the re-establishment of Vateriopsis
genus by Ashton (1982);

5. announcement of the discovery and description of
Pakaraimaea (Maguire 1979, Maguire and Ashton
1980, Maguire and Steyermark 1981);

6. formal re-establishment of genus Doona Thw. out-
side Shorea (Kostermans 1984), genus
Banalocarpus Beddome outside Hopea and inde-
pendent from Neobalanocarpus (Kostermans
1981a) genus Sunaptea outside genus Vatica but in-
cluding genus Cotylelobium (Kostermans 1987); and

7. discovery and description of Pseudomonotes
tropenbosii (Londofio et al. 1995) which is included
in Monotoideae sensu Maguire et al. (1977) close
to the African Monotes and Marquesia.

Discussion and Conclusions

Morphology, as well as anatomy and ecophysiology,
shows many characters tightly related to their biological
functions, and these functions are connected to both the
biotic associations and the climatic environmental
features which influence flower pollination, seed
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dispersal and seedling survival. It has been shown that
the species diversity of ovary and style sizes and shapes
in the Shorea sensu lato subdivisions correspond to
their pollinator insect groups (Appanah 1990). The
successive ontogenic phases of flower aestivation and
seed germination, and seedling construction, also reveal
the existence of particular directions such as the change
of sepal position from imbricate in the young flower to
subvalvate or valvate in ripe fruit (not the reverse), the
multiplication of vascular bundles and resin canals (never
the reverse) and the presence/absence of a post-
germinative growth of cotyledonary limbs (Maury 1978,
Maury-Lechon 1979a, b).

The biological plasticity of ripe seeds and seedlings
depends on their ability to maintain their biological
functions (which are dependent on their structures). This
plasticity determines the possibilities of survival in a
changing environment or in new and different places. The
exact knowledge of the present geographical distribution
and the main ecological features of these places already
allow useful speculations for the choice of species
potentially able to adapt in more drastic conditions
(Maury-Lechon 1993, 1996, Xu and Yu 1982). This is,
for example, the case of species from the seasonal
tropics, or from the aseasonal regions subjected to great
changes (diurnal, seasonal or unpredictable climatic
events) on dry sands of sea coastal areas, or temporary
and alternatively flooded or dried areas. The evolutionary
trends established by Hopea or Shorea allow a much
wider range of possible future adaptations than do those
established by Vateria or Stemonoporus (Maury-Lechon
1979b). Thus a second level of prediction for adaptability
is possible.

Overall, the striking feature of the family is the high
variability of characters within and between species,
within and between individual trees in many cases, and
even within a single seed in certain species. Furthermore,
the present classification demonstrates a heterogeneity
of levels between the two Asian subgroups Dipterocarpi
and Shoreae sensu Ashton. A notable case is the 11
sections of the Shorea genus in the Shoreae subgroup.
They have unequal hierarchic levels when comparisons
are established between the two Asian subgroups.
Sections such as Anthoshorea, Shoreae or Richetioides
of the Shoreae tribe have much higher rank than sections
Rubellae or Ovalis for example, and a similar level to
Doona, Pentacme, and Parashorea in the Imbricate

group (sensu Maury-Lechon). A similar situation appears
for the Vatica genus in the Dipterocarpi subgroup (sensu
Ashton). For this reason Sunaptea (Vatica pro-parte in
certain cases) has again been raised to generic rank
(Kostermans 1987). These difficulties underline the
complexity of the family. However certain well defined
genera exist, such as Dryobalanops, Dipterocarpus,
Anisoptera and Upuna. It could thus be hoped that a more
equal weighting of characters is still possible in building
a more homogeneous classification in the complex parts
of the family, and that criteria can be defined for Asian
dipterocarps to determine generic rank.

Present supraspecific taxa are mainly defined by
groups of characters concerning the morphological
aspects of leaves, the sequence fruit-seed-embryo-
seedling, flowers, bark and wood, and colour and
consistency of resins. Anatomical structures (wood, bark,
petioles, epidermis, germinating seeds and seedlings),
stomatal types, and chemistry of resins, have historically
clarified the definition of supraspecific taxa (but very
few wood characters are specific) in Dipterocarpaceae.
However anatomical or chemo-taxonomical groups are
not yet totally integrated into the present taxonomic
divisions. This is the case for genus Dipterocarpus for
example, in which phytochemistry has recognised main
groups without evident correspondence with the previous
morphological divisions based on fruit characters
(Meijer 1979). The main reason for this is that too few
species have been studied in this way to permit a rigorous
understanding of within group variability and thereby
establish which characters provide useful criteria for
defining groups and hierarchic levels.

The morphological variability in the seasonal tropics
may be the result of the frequent great changes with time
in distribution of habitats and geographical boundaries.
These changes favoured variability but rarely provided
prolonged isolation mechanisms for fertility barriers to
evolve. The frequency of hybrids suggests the same
conclusion. It is not really known to what extent
competition eliminates these hybrids. In the aseasonal
tropics dipterocarps appear to be outbreeding species.
Many other species in aseasonal tropics present
allopatric differentiation and clear discontinuities in
variation. Facultative apomixis may produce successful
genotypes and accelerate ecotypic differentiation and
short term evolution. Apomixis could serve to maintain
fecundity where sexual reproduction is inadequate, and
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perhaps allow rapid spread of favourable ecotypes in
heterogeneous terrain. However apomixis should
probably lead to lowered genetic variability within
populations, and thus could still result in increased
probability of extinction when unadapted to the
environmental changes. Constant differences in habit,
morphology and reproductive biology exist between
emergent and understorey trees (Richards 1952, Hallé
et al. 1978, Yap 1982 in Ashton 1984). Ontogenesis thus
follows predictable patterns in the larger trees and
selection acts on these characteristics, which include tree
habit and leaf shape, irrespective of their systematic
relationships. These species present an ecological
complementarity. It is however, not certain that species
sharing a common habitat and geography will identically
respond from flower-bud initiation to sensitivity to light,
mycorrhizal invasion, water stress, seed predation, or
share the same pollinators and seed vectors (M.S. Ashton
1992, 1995). Ecological criteria such as seed water
content and seed resistance to desiccation are
expressions of the species’ biological plasticity and the
possible complementarity between species (Maury-
Lechon 1993). Certain species are abundant and others
rare. Detailed systematic and biosystematic comparisons
between rare and abundant congeners should bring some
answers (Ashton 1992). We need to confirm whether
the means exist for gene flow, and then to directly
measure the level and pattern of genetic variability.
Amenable source of evidence could also be tested for
the presence or absence of associations between
population distributions in space, and demographic and
population genetic studies are also required on the basis
of repeated observations. These observations and the use
of species’ complementarity would reinforce the
understanding of systematics and help the forest
managers to make decisions in rehabilitation and
conservation programmes (Maury-Lechon 1991, 1993,
1996).

Bearing in mind the economic value and the present
status of Dipterocarpaceae, it is also urgent to relate
phylogeny to comparative ecology within genera and
sections by a combination of:

1. molecular phylogenic studies, concentrating on gen-
era and below;

2. comparative demographic studies of groups of re-
lated species, especially those which co-occur:

a) during the reproductive phase (bud to recruit, and

including fecundity),

b) during stand development and trough to mortality,

¢) population genetics of selected species under se-
lected conditions;
3. comparative ecophysiological experiments on seeds
and seedlings; and
4. competition experiments.

The teams exist within the frame of the International
Working Group on Dipterocarps (IWGD-IUFRO S.07-
17 Working Party) and contacts have already been taken
between the authors of this paper and their direct
commentators for this purpose. Field and laboratory
works will be organised on the base of complementarity.
Overall, a cooperative, integrated and detailed re-
assessment is needed for the whole family
Dipterocarpaceae sensu lato, with the establishment of
an evolutionary classification based on a general
consensus. Several groups around the world are currently
working on projects that can lead to such a solution. They
include: Forest Research Institute Malaysia, Kepong and
Unité Mixte de Recherche 5558 du Centre National de
la Recherche Scientifique with Lyon University (France),
in association with Harvard University (USA), who are
working on the genetic analysis of DNA sequences;
Massachusetts University (USA) on genetic and breeding
system studies (Murawski and Bawa 1994, Murawski et
al. 1994); and Cambridge-Edinburgh (U.K.) on computer
identification keys (Newman et al. 1995). Several more
complementary works are needed in palynology (pollen
and exine), stamen architecture and shape (the flower
being observed from the pollination point of view),
ontogenesis (structure and morphology of fruit-embryo-
germination, anatomy of cotyledonary node and petiole,
epidermis of primordial leaves), wood anatomy,
chemotaxonomy and architecture of juvenile stage. These
complementary works will require broad cooperation
with colleagues and institutions from the Asian, African
and South American zones. More effort is needed for
the Asian dipterocarps from China, Burma and Indo-
China. Likewise, there is a need for contact with African
colleagues

Acknowledgements

We express our sincere thanks to the Center for
International Forestry Research and most particularly to
C. Cossalter for having initiated and supported the
realisation of a book which provides the first broad
synthesis of the present status of knowledge on
dipterocarps that complements the proceedings of the



Biogeography and Evolutionary Systematics of Dipterocarpaceae 36

five Round Table Conference Proceedings on
Dipterocarps (1977 to 1994). Special thanks are also
addressed to T.C. Whitmore (Cambridge University) and
P.S. Ashton (Harvard Institute for International
Development) for their advice and corrections, to R.
Grantham (Lyon University) for his contribution to the
final presentation, to S. Appanah (Forest Research
Institute Malaysia) who reviewed this text and shared the
editing tasks with C. Cossalter, and to C. Elouard (French
Institute of Pondicherry). Thanks also to colleagues from
Lyon and Paris who contributed to the bibliographic
effort.

References

Appanah, S. 1990. Plant-pollinator interactions in
Malaysian rainforest. /n: Bawa, K.S. and Hadley, M.
(eds.) Reproductive ecology of tropical forest plants,
85-101. UNESCO, Paris.

Appanah, S. and Chan, H.T. 1981. Thrips: the pollinators
of some dipterocarps. Malaysian Forester 44: 234-
252.

Ashton, M. S. 1992. The establishment and growth of
advanced regeneration of canopy trees in moist mixed-
broadleaf species forest. /n: Kelty, M.D., Larson, B.C.
and Oliver, C.D. (eds.) The ecology and silviculture of
mixed-species forests, 101-125. Kluwer Academic,
Dortrecht, Netherlands.

Ashton, M.S. 1995. Seedling growth of co-occurring
Shorea species in the simulated light environments
of a rain forest. Forest Ecology and Management 72:
1-12.

Ashton, P.S. 1962. Some new Dipterocarpaceae from
Borneo. Gardens’ Bulletin Singapore 19: 253-319.

Ashton, P.S. 1963.
Dipterocarpaceae. Gardens’ Bulletin Singapore 20:
229-284.

Ashton, P.S. 1964. A manual of the dipterocarp trees of
Brunei State. Oxford University Press, Oxford. 242p.

Taxonomic notes on Bornean

Ashton, P.S. 1967. Taxonomic notes on Bornean
Dipterocapaceae III. Gardens’ Bulletin Singapore 22:
259-352.

Ashton, P.S. 1968. A manual of the dipterocarp trees of
Brunei State and of Sarawak, Supplement. Borneo
Literature Bureau for Sarawak. Forest Department,
Aberdeen, Hong Kong. 129p.

Ashton, P.S. 1969. Speciation among tropical forest
trees: some deductions in the light of recent evidence.
Botanical Journal of the Linnean Society 1: 155-196.

Ashton, P.S. 1972. Precursor to a taxonomic revision
of Ceylon Dipterocarpaceae. Blumea 20: 357-366.

Ashton, P.S. 1977. Dipterocarpaceae. Revised handbook
flora of Ceylon 2: 166-196.

Ashton, P.S. (ed.) 1979a. Some geographic trends in
morphological variation in the Asian tropics and their
possible significance. Tropical Botany. Kai Larsen and
Lauritz B. Holm-Nielsen Academic Press London,
New York.

Ashton, P.S. 1979b. Final discussion. /n: Maury-Lechon,
G. (ed.) Diptérocarpacées: Taxonomie-Phylogénie-
Ecologie, Mémoires du Muséum National d’Histoire
Naturelle: First International Round Table on
Dipterocarpaceae, 159. Série B, Botanique 26.
Editions du Muséum, Paris.

Ashton, P.S. 1979c. The generic concept for recent
revision with Dipterocarpoideae. /n: Maury-Lechon,
G. (ed.) Diptérocarpacées: Taxonomie-Phylogénie-
Ecologie, Mémoires du Muséum National d’Histoire
Naturelle: First International Round Table on
Dipterocarpaceae, 128-138. Série B, Botanique 26.
Editions du Muséum, Paris.

Ashton, P.S. 1979d. Phylogenetic speculations on
Dipterocarpaceae. /n: Maury-Lechon, G. (ed.)
Diptérocarpacées: Taxonomie-Phylogénie-Ecologie,
Mémoires du Muséum National d’Histoire Naturelle:
First International Round Table on Dipterocarpaceae,
145-149. Série B, Botanique 26. Editions du Muséum,
Paris.

Ashton, P.S. 1980. Dipterocarpaceae. /n: Dassanayake,
M.D. and Fosberg, F.R. (eds.) A revised handbook to
the flora of Ceylon I, 364-423. Smithsonian Institution,
Washington D.C.

Ashton, P.S. 1982. Dipterocarpaceae. /n: Van Steenis,
C.G.GJ. (ed.) Flora Malesiana I (9): 237-552.

Ashton, P.S. 1984. Biosystematics of tropical forest
plants: a problem of rare species. /n: Grant, W.F. (ed.)
Plant biosystematics, 497-518. Academic Press,
Toronto.

Ashton, P.S. 1988. Dipterocarp biology as window to
the understanding of tropical forest structure. Annual
Review of Ecology and Systematics 19: 347-370.



Biogeography and Evolutionary Systematics of Dipterocarpaceae 37

Ashton, P.S. 1989. Dipterocarp reproductive biology.
In: Lieth, H. and Werger, M.J.A. (eds.) Tropical rain
forest ecosystems, 219-240. Elsevier Science
Publishers, Amsterdam.

Ashton, P.S. 1992. The structure and dynamics of
tropical rainforest in relation to tree species richness.
In: Kelty, M.J. (ed.) The ecology and sylviculture of
mixed-species forests, 53-64. Kluwer Academic
Publishers, Netherlands.

Aubréville, A. 1976. Essai d’interprétation nouvelle de
la distribution des dipterocarpacées. Adansonia, série
2, 12(2): 205-210.

Awasthi, N. 1971. Revision of some Dipterocarpaceous
woods previously described from the tertiary of south
India. Paleobotanist 18: 226-233.

Bancroft, H. 1933. A contribution to the geological
history of the Dipterocarpaceae. Geologiska
Foereningens i Stockholm. Foerhandlingar 55: 59-
100.

Bancroft, H. 1934. New material of Monotes kerstingii
from Gold Coast. Bulletin of Miscellaneous
Information 6: 233-237.

Bancroft, H. 1935a. Material of Marquesia acuminata
from Northen Rhodesia. Kew Bulletin 10: 559-568.

Bancroft, H. 1935b. Some fossil dicotyledonous
woods from Mont Elgon, East Africa. American
Journal of Botany 22: 164-183.

Bancroft, H. 1935¢. The dipterocarps in Africa. Empire
Forestry Journal 14: 74-75.

Bancroft, H. 1935d. The taxonomic history and
geographical distribution of the Monotoideae.
American Journal of Botany 22: 505-519.

Bancroft, H. 1935e. The wood anatomy of
representative members of the Monotoideae.
American Journal of Botany 22: 717-739.

Bancroft, H. 1936a. New Angolan species of Monotes.
Boletin da Socieda de Broteriana 11: 43-45.

Bancroft, H. 1936b. New species of Monotes from
Angola. Journal of Botany 74: 225-226.

Bancroft, H. 1939. African Dipterocarps: an historical
and taxonomic survey of the genus Monotes. Boletin
da Socieda de Broteriana 13: 326-389.

Beauchamp, J., Lemoigne, Y. and Petrescu, J. 1973. Age
des différents niveaux du complexe volcanique des
Trappes & Debré-Libanos (Province du Shoa,
Ethiopie) d’aprés I’étude des Paléoflores. Comptes

Rendus de I’Académie des Sciences de Paris 276:
1409-1412.

Bisset, N.G., Chavanel, V., Lantz, J.P. and Wolff, R.E.
1971. Constituants sesquiterpéniques et
triterpéniques des résines du genre Shorea.
Phytochemistry 10: 2451-2463.

Bisset, N.G., Diaz, M.A., Ehret, C., Ourisson, G., Palmade,
M., Fakirgowda Patil, Pesnelle, P. and Streith, J. 1966.
Etudes chimiotaxonomiques dans la famille des
Diptérocarpacées. 1I. Phytochemistry 5: 865-880.

Bisset, N.G., Diaz, M.A., Ehret, C., Ourisson, G. 1967.
Etudes chimiotaxonomiques dans la famille des
Diptérocarpacées. I11. Phytochemistry 6: 1395-1405.

Blume, K.L. 1825. Dipterocarpaceae in Bijdragen tot
de Flora van Nederlandisch Indie. Batavia 1: 1-42.

Boureau, E. 1957. A propos de la la répartition
paléogéographique des Dipterocarpaceae fossiles.
Supplément au Compte-Rendu Sommaire des Séances
de la Société de Biogéographie: 296-297: 46-47.

Boureau, E. and Tardieu-Blot, M.L. 1955. Répartition
géographique des Diptérocarpacées vivantes et
fossiles. Supplément au Compte-Rendu Sommaire des
Séances de la Société de Biogéographie 282: 107-114.

Brazier, J.D. 1979. Classifying the Dipterocarpaceae:
the wood technologist’s view. /n: Maury-Lechon (ed.)
Diptérocarpacées: Taxonomie-Phylogénie-Ecologie,
Mémoires du Muséum National d’Histoire Naturelle:
First International Round Table on Dipterocarpaceae,
76-80. Série B, Botanique 26. Editions du Muséum,
Paris.

Candolle, A.P. de. 1824. Prodromus systematis naturalis
regni vegetabilis. Parisiis argentorati londini treuttel
wiirtz, (puis Fortin, Masson) 1824-1873.

Candolle, A.P. de. 1868. Dipterocarpaceae [n:
Prodromus systematis naturalis regni vegetabilis. XVI
(2) Parisiis argentorati londini treuttel wiirtz, (puis
Fortin, Masson) 1824-1873: 604-637.

Chan H.T. 1977. Reproductive biology of some
Malaysian dipterocarps. Unpublished Ph.D. thesis,
University of Aberdeen, U.K.

Chan, H.T. 1980. Reproductive biology of some
Malaysian dipterocarps. 2. Fruiting biology and
seedling studies. Malaysian Forester 43: 438-451.

Chan, H.T. 1981. Reproductive biology of some
Malaysian dipterocarps, 3. Breeding systems.
Malaysian Forester 44: 28-36.



Biogeography and Evolutionary Systematics of Dipterocarpaceae

Chan, H.T. and Appanah, S. 1980. Reproductive biology
of some Malaysian dipterocarps. I. Flowering biology.
Malaysian Forester 43: 132-143.

Chase, M.W., et al. 1993. Phylogenetics of seed plants:
An analysis of nucleotide sequences from the plastid
gene rbcL. Annals of Missouri Botanical Garden 80:
528-580.

Chiarugi, A. 1933. Legni fossili della Somalia italiana.
Palaeontographia Italica 32 (sup.1): 97-167.

Croizat, L. 1964. Thoughts on high systematics,
phylogeny and floral morphology, with a note on the
origin of the Angiospermae. Candollea 19: 17-96.

Cronquist, A. 1968. The evolution and classification of
flowering plants. Nelson, London and Edinburgh.
396p.

Dalgren, R. 1975. A system of classification of the
Angiosperms to be used to demonstrate the
distribution of characters. Botaniska Notiser 128:
119-146.

Damstra, K.S.J. 1986. Notes on Zimbabwean tree
families: the Theales, Ochnaceae, Dipterocarpaceae,
Clusiaceae. Zimbabwe Science News (Rhodesia)
20(3-4): 43-45.

Dercourt, J., Ricou, L.E. and Vrielynck, B. (eds.) 1992.
Atlas Tethys Palaeoenvironmental maps. CCGM/
CGMW; BEICIP-FRANLAB, Paris.

Diaz, M.A. and Ourisson, G. 1966. Etudes
chimiotaxonomiques dans la famille des
Diptérocarpacées 1. Phytochemistry 5: 855-863.

Diaz, M.A., Ehret C., Ourisson, G., Palmade, M.,
Fakirgowda Patil, Pesnelle, P. and Streith, J. 1966.
Constituants des résines de Dipterocarpus
vietnamiens. Vietnam Chimica Acta 79-85.

Food and Agriculture Organisation (FAO). 1985.
Dipterocarps of South East Asia. RAPA Monograph
1985/84. FAO Regional Office for Asia and the
Pacific, Bangkok. 321p.

Gottwald, H. and Parameswaran, N. 1964. Vielfache
Gefdssdurchbrechungen in  der Familie
Dipterocarpaceae. Zeitschrift fiir Botanik 52: 321-
334.

Gottwald, H. and Parameswaran, N. 1966. On the
taxonomic status of Vateria seychellarum Dyer based
on anatomical evidence. Taxon 15: 184-186.

38

Gottwald, H. and Parameswaran, N. 1968. Das
sekundédre Xylem der Familie Dipterocarpaceae,
anatomische Untersuchungen zur Taxonomie und
Phylogenie. Botanisches Jahrbucher 85: 410-508.

Gustafsson, A. 1947. Apomixis in the higher plants II.
Lunds University. Arsskrift for Nordiske
Skogplanteskoler 43(2): 71-178.

Hallé, F., Oldeman, R.A.A. and Tomlinson, P.B. 1978.
Tropical trees and forests. Springer, Berlin. 441p.

Heim, F. 1892. Sur un nouveau genre de
Diptérocarpacées: Vateriopsis seychellarum Heim
Vateria seychellarum Dyer in Baker. Bulletin de la
Société Botanique de France 39: 149-154.

Huang Cheng-Chiu. 1987. An enumeration of
Dipterocarpaceae from China. /n: Kostermans,
A.J.GH. (ed.) Proceedings of the Third Round-Table
Conference on Dipterocarps, 629-640. BIOTROP,
Bogor.

Hutchinson, J. 1959. The families of flowering plants,
I: Dicotyledons. Oxford University Press, Oxford.

Jacobs, M. 1981. Dipterocarpaceae, the taxonomic and
distributional framework. /n: Ng, F.S.P. (ed.)
Proceedings of the Second International Round Table
Conference on Dipterocarps. Malaysian Forester 44:
168-189.

Jacobs, M. 1988. The dipterocarps. /n: Earl of
Cranbrook (ed.) Malaysia, 31-36. Key Environments
Series. Pergamon Press, Oxford.

Jaeger J.J., Adolff, C., Doubinger, J., Pons, D. and
Vozenin-Serra, C. 1983. The contributions of fossils
to palacogeography of the Lhassa Block (Tibet).
F.U.G. Strasbourg, France.

John, J. and Kolbe, K.P. 1980. The systematic position
of the ‘Theales’ from the viewpoint of serology.
Biochemical Systematics and Ecology 8: 241-248.

Jong, K. 1976. Cytology of the Dipterocarpaceae. /n:
Burley, J. and Styles, B.T. (eds.) Tropical trees:
variation, breeding and conservation, 78-84. London,
Academic Press.

Jong K. 1978. Apomixis may be widespread among
trees of the climax rain forest. Nature 271: 440-442.

Jong, K. 1979. Morphological problems and ecological
aspects. In:  Maury-Lechon, G. (ed.)
Diptérocarpacées: Taxonomie-Phylogénie-Ecologie,



Biogeography and Evolutionary Systematics of Dipterocarpaceae 39

Mémoires du Muséum National d’Histoire Naturelle:
First International Round Table on Dipterocarpaceae,
157-158. Série B, Botanique 26. Editions du Muséum,
Paris.

Jong, K. 1980. A cytological approach to the study of
variation and evolution in rain forest tree species. /n:
Furtado J. (eds.) Proceedings of Fifth International
Symposium on Tropical Ecology. Tropical Ecology and
Development, 213-218. The International Society of
Tropical Ecology, Kuala Lumpur.

Jong, K. 1982. Review of dipterocarps, part I and II.
Annotated bibliography compiled by R.E.H. Haynes,
1980. Journal of Biogeography 9: 191-192.

Jong, K. and Kaur, A. 1979. A cytotaxonomic view of
Dipterocarpaceae with some comments on polyploidy
and apomixis. [In: Maury-Lechon, G. (ed.)
Diptérocarpacées: Taxonomie-Phylogénie-Ecologie,
Mémoires du Muséum National d’Histoire Naturelle:
First International Round Table on Dipterocarpaceae,
41-49. Série B, Botanique 26. Editions du Muséum,
Paris.

Jong, K. and Lethbridge, A. 1967. Cytological studies
in the Dipterocrpaceae, 1. Chromosome numbers of
certain Malaysian genera. Notes of the Royal Botanic
Garden Edinburgh 27: 175-184.

Kaur, A., Ha, C.O., Jong, K., Sands, V.E., Chan, H.T.,,
Soepadmo, E., Ashton, P.S. 1978. Apomixis may be
widespread among trees of the climax rain forest.
Nature 271: 440-442.

Kochummen, K.M. 1962. Dipterocarpus sarawakensis
V. S1. Malayan Forester 25: 163.

Kochummen, K.M. and Whitmore, T.C. 1973. Notes
on the systematy of Malayan Phanerogams. X VIII-
XXII. Gardens’ Bulletin of Singapore 26: 269-287.

Kolbe K.P. and John J. 1980. Serology and systematics
of the Ebenales and the Theales. Biochemical
Systematics and Ecology 8: 249-256.

Kostermans, A.J.G.H. 1978.
dipterocarpacea Maguire and Ashton belongs to
Tiliaceae and not to Dipterocarpaceae. Taxon 27: 357-
359.

Kostermans, A.J.G.H. 1980. Notes on Ceylonese plants
I. Miscellaneous Paper Landbouwhogesh Wageningen
19: 205-230.

Pakaraimaea

Kostermans, A.J.GH. 1981a. The Ceylonese species of
Balanocarpus Bedd. (Dipterocarpaceae). Bulletin du
Muséum National d’Histoire Naturelle, Adansonia,
4éme Série, Section Botanique 3(2): 173-177.

Kostermans, A.J.G.H. 1981b. Stemonoporus Thw.
(Dipterocarpaceae): a monograph (part 1). Bulletin du
Muséum National d’Histoire Naturelle, Adansonia,
4¢me Série, Section Botanique 3(3): 321-358

Kostermans, A.J.G.H. 1981c. Stemonoporus Thw.
(Dipterocarpaceae): a monograph (part 2). Bulletin
du Muséum National d’Histoire Naturelle, Adansonia,
4éme Série, Section Botanique 3(4): 373-406.

Kostermans, A.J.G.H. 1982a. The genus Hopea
(Dipterocarpaceae) in Ceylon, Sri Lanka. Ceylon
Journal of Biological Science 15: 41-49.

Kostermans, A.J.G.H. 1982b. The genus Vatica
(Dipterocarpaceae) in Ceylon, Sri Lanka. Reinwardtia
10: 69-80.

Kostermans, A.J.G.H. 1983. The genus Shorea
(Dipterocarpaceae). Botanishe Jahrbuecher fiir
Systamatik Pflanzengeschichte und
Pflanzengeographie 104: 183-201.

Kostermans, A.J.GH. 1984. Monograph of the genus
Doona (Dipterocarpaceae). Botanishe Jahrbuecher
fuer  Systamatik  Pflazengeschichte  und
Pflanzengeographie 104: 425-454.

Kostermans, A.J.G.H. 1985. Family status for the
Monotoideae and the Pakaraimoideae,
Dipterocarpaceae. Taxon 34: 426-435.

Kostermans, A.J.G.H. 1987. The genera Sunaptea Griff.
and Cotylelobium Pierre (Dipterocarpaceae). In:
Kostermans A.J.GH (ed.) Proceedings of the Third
Round Table Conference on Dipterocarps, 603-627.
BIOTROP, Bogor.

A.J.GH. 1988. Dryobalanops

sumatrensis, com. nov., the correct name for

Dryobalanops aromatica. Blumea 33: 343-346.

Kostermans,

Kostermans, A.J.G.H. 1989. Monotaceae, a new family
allied to Tiliaceae. Taxon 38: 123-124.

Kostermans, A.J.G.H. 1992. A handbook of the
Dipterocarpaceae of Sri Lanka. Wildlife Heritage Trust
of Sri Lanka. 244p.

Laveine, J.P., Lemoigne, Y., Xingsus Li, Xiuyan Wu,
Shanzhen Zhang, Ziuhu Zhao, Weiging Zhu and Jianan



Biogeography and Evolutionary Systematics of Dipterocarpaceae 40

Zhu. 1987. Paléogéographie de la Chine au
Carboniféere a la lumiére des données paléobotaniques
par comparaison avec les assemblages carboniferes
d’Europe occidentale. Comptes Rendus de I’ Académie
des Sciences, Paris 304 (II) 8: 391-394.

Lemoigne, Y. 1978. Flores tertiaires de la haute vallee
de I’Omo (Ethiopie). Paleontographica B 165(4-6):
89-157.

Londoiio, A.C., Alvarez, E., Forero, E, and Morton, C.M.
1995. A new genus and species of Dipterocarpaceae
from the Neotropics I. Introduction, taxonomy,
ecology and distribution. Brittania 47: 225-236.

Maguire, B. 1979. Note
dipterocarpaceae. In: Maury-Lechon,G. (ed.)
Diptérocarpacées: Taxonomie-Phylogénie-Ecologie,
Mémoires du Muséum National d’Histoire Naturelle:
First International Round Table on Dipterocarpaceae,
19. Série B, Botanique 26. Editions du Muséum, Paris.

Maguire, B. and Ashton, P.S. 1980. Pakaraimaea -
Dipterocarpaceae 2. Taxon 29: 225-231.

Maguire, B., Ashton, P.S., Zeeuw, C.De, Giannasi, D.E.
and Niklas, K.J. 1977. Pakaraimoideae,
Dipterocarpaceae of the Western Hemisphere. Taxon
26: 341-385.

Maguire, B. and Steyermark, J.A. 1981. Pakaraimaea,
Dipterocarpaceae III. Memoirs of the New York
Botanical Garden 32: 306-309.

Maury, G. 1968. Germinations anormales chez les
Diptérocarpacées de Malaisie. Bulletin de la Société
d’Histoire Naturelle de Toulouse 104 (1-2): 187-202.

Maury, G. 1970a. Differents types de polyembryonie
chez quelques Dipterocarpacees asiatiques. Bulletin
de la Société d’Histoire Naturelle de Toulouse 106:
282-288.

Maury, G. 1970b. Pseudo-polyembryonie chez trois
Diptérocarpacées africaines. Bulletin de la Société
d’Histoire Naturelle de Toulouse 106: 277-281.

Maury, G. 1978. Diptérocarpacées: du fruit a la plantule.
Thése de doctorat d’état, Université Paul Sabatier,
Toulouse 3 vols., [A: 243p., IB: 432p., 1I: 344p.

Maury, G. 1979. Intérét systématique et phylogénique
des caracteres juvéniles (germination, embryon mr,
plantules) chez les Diptérocarpacées. Bulletin de la
Société Botanique de France, Actualités Botaniques
126(3): 13-21.

sur Pakaraimaea

Maury, G., Muller, J. and Lugardon, B. 1975a. Notes on
the morphology and fine structure of the exine of some
pollen types in Dipterocarpaceae. Review of
Palacobotany and Palynology 19: 241-289.

Maury, G., Muller, J. and Lugardon, B. 1975b. Pollen
dont I’exine est formée de deux strates chez les
Diptérocarpacées d’Asie. Bulletin de la Société
Botanique de France, Collection Palynologie 122:
117-119.

Maury-Lechon, G. 1979a. Conséquences taxonomiques
de I’étude des caractéres des fruits/germinations,
embryons et plantules des Diptérocarpacées. /n:
Maury-Lechon, G. (ed.) Diptérocarpacées: Taxonomie-
Phylogénie-Ecologie, Mémoires du Muséum National
d’Histoire Naturelle: First International Round Table
on Dipterocarpaceae, 81-106. Série B, Botanique 26.
Editions du Muséum, Paris.

Maury-Lechon, G. 1979b. Interprétation phylogénique
des caractéres des pollens, fruits-germinations et
plantules des Diptérocarpacées. [n: Maury-Lechon
(ed.) Diptérocarpacées: Taxonomie-Phylogénie-
Ecologie, Mémoires du Muséum National d’Histoire
Naturelle: First International Round Table on
Dipterocarpaceae, 139-144. Série B, Botanique 26.
Editions du Muséum, Paris.

Maury-Lechon, G. 1991. Comparative dynamics of
tropical rain forest regeneration in French Guyana. /n:
Gomez Pompa A., Whitmore T.C. and Hadley M. (eds.)
Rain forest regeneration and management, 285-293.
Man and the Biosphere Series, vol. 6. UNESCO and
Parthenon, Paris.

Maury-Lechon, G. 1993. Biological characters and
plasticity of juvenile tree stages to restore degraded
tropical forests: programme proposition for genetic
resource maintenance. /z: Lieth H. and Lohmann M.
(eds.) Restoration of tropical forest ecosystems, 37-
46. Kluwer Academic Publishers, The Netherlands.

Maury-Lechon, G. 1996. Adaptations ‘naturelles’ du
passé et ‘inductions expérimentales’ du présent face
aux modifications récentes des milieux chez les arbres
forestiers tropicaux de valeur: cas des
Diptérocarpacées asiatiques. /n: Guillaumet, J.L.,
Belin, M. and Puig, H. (eds.) Phytogéographie
tropicale. Réalités et perspectives. Colloque
international de phytogéographie tropicale, Paris, 6-8
Juillet 1993, 205-216. ORSTOM, Paris.



Biogeography and Evolutionary Systematics of Dipterocarpaceae 41

Maury-Lechon, G. and Ponge, J.F. 1979. Utilisation de
I’analyse multifactorielle des correspondances pour
I’étude des caracteres des fruits-germinations,
embryons et plantules de Diptérocarpacées. In: Maury-
Lechon, G (ed.) Diptérocarpacées: Taxonomie-
Phylogénie-Ecologie, Mémoires du Muséum National
d’Histoire Naturelle: First International Round Table
on Dipterocarpaceae, 107-127. Série B, Botanique 26.
Editions du Muséum, Paris.

Meher-Homji, V.M. 1979. Distribution of the
Dipterocarpaceae: some  phytogeographic
considerations on India. Phytocoenologia 6: 85-93.

Meijer, W. 1963. Notes on Borneo Dipterocarpaceae.
Acta Botanica Neerlandica 12: 319-353.

Meijer, W. 1968. Studies of seedlings of Bornean trees.
Botany Bulletin of Sandakan 11: 1-112.

Meijer, W. 1972. Some taxonomic and nomenclatural
notes on Vateria copallifer (Retz.) Alston. Ceylon
Journal of Science, Biological Science 10: 76-79.

Meijer, W. 1973. Field keys to genera and species of
Dipterocarpaceae in Ceylon. Sri Lanka Forester: 1-6.

Meijer, W. 1974a. Field guide to trees of West Malesia
(including 80 fig., 26 photos, 1 map offset). University
of Kentucky Book Store, Lexington Ky 40506.

Meijer, W. 1974b. Plant geographic studies on
Dipterocarpaceae in Malaysia. Annals of Missouri
Botanic Garden 61: 806-818.

Meijer, W. 1979. Taxonomie studies in the genus
Maury-Lechon, G. (ed.)
Diptérocarpacées: Taxonomie-Phylogénie-Ecologie,
Mémoires du Muséum National d’Histoire Naturelle:
First International Round Table on Dipterocarpaceae,
50-56. Série B, Botanique 26. Editions du Muséum,
Paris.

Meijer, W. and Wood, GH.S. 1964. Dipterocarps of
Sabah (North Borneo). /n: Forest Department Sandakan
(ed.) Sabah Forest Record no 5: 1-344.

Meijer, W. and Wood, G.H.S. 1976. Keys to dipterocarps
of Sabah. BIOTROP, Bogor.

Morton, C.M. 1995. A new genus and species of
Dipterocarpaceae from the Neotropics. I1: Stem
anatomy. Brittania 47: 237-247.

Dipterocarpus. In:

Muller, J. 1972. Palynological evidence for change in
geomorphology, climate and vegetation in the Mio-
Pliocene of Malesia. /n: Ashton P. and M. (eds.) The

quaternary era in Malesia. Department of Geography,
University of Hull.

Muller, J. 1979. Summary of fossil Dipterocarpaceae.
In: Maury-Lechon, G. (ed.) Diptérocarpacées:
Taxonomie-Phylogénie-Ecologie, Mémoires du
Muséum National d’Histoire Naturelle: First
International Round Table on Dipterocarpaceae, 128-
138. Série B, Botanique 26. Editions du Muséum,
Paris.

Muller, J. 1980. Palynological evidence for Paleogene
climate changes. /n: Palynologie et climats. Mémoires
du Muséum National d’Histoire Naturelle. Série B,
Botanique 27: 211-218. Editions du Muséum, Paris.

Murawski, D.A. and Bawa, K.S. 1994. Genetic structure
and mating system of Stemonoporus oblongifolius
(Dipterocarpaceae) in Sri Lanka. American Journal of
Botany 81: 155-160.

Murawski, D.A., Dayanandan, B. and Bawa, K.S. 1994.
Outcrossing rates of two endemic Shorea species
from Sri Lanka tropical rain forests. Biotropica 26:
23-29.

Ng, E.S.P. 1977. Gregarious flowering of dipterocarps
in Kepong 1976. Malaysian Forester 40: 126-137.

Newman, M.F., Burgess, P.F. and Whitmore, T.C. 1995.
Manual of dipterocarps for foresters. Singapore. The
Royal Botanic Garden Edinburgh, U.K. (book 93p. and
diskette).

Ourisson, G. 1979. Chimie-taxonomie des
Diptérocarpacées. /n: Maury-Lechon, G (ed.)
Diptérocarpacées: Taxonomie-Phylogénie-Ecologie,
Mémoires du Muséum National d’Histoire Naturelle:
First International Round Table on Dipterocarpaceae,
57-67. Série B, Botanique 26. Editions du Muséum,
Paris.

Ourisson, G., Bisset, N.G., Diaz, M.A., Ehret, Ch.,
Palmade, M., Pesnelle, P. and Streith, J. 1965. Etudes
chimiotaxonomiques dans la famille des
Diptérocarpacées. Colloque de Chimiotaxinomie.
Mémoires de la Société Botanique de France, 44: 141-
142.

Parameswaran, N. 1979a. Bark and wood anatomy of
some problematic taxa in the Dipterocarpaceae. IAWA
Bulletin 1(2-3): 41.

Parameswaran, N. 1979b. Relationships of the family
Dipterocarpaceae. /n: Maury-Lechon, G. (ed.)



Biogeography and Evolutionary Systematics of Dipterocarpaceae 42

Diptérocarpacées: Taxonomie-Phylogénie-Ecologie,
Mémoires du Muséum National d’Histoire Naturelle:
First International Round Table on Dipterocarpaceae.
Série B, Botanique 26: 155. Editions du Muséum,
Paris.

Parameswaran, N. and Gottwald, H. 1979. Problematic
taxa in Dipterocarpaceae. Their anatomy and taxonomy.
In: Maury-Lechon, G. (ed.) Diptérocarpacées:
Taxonomie-Phylogénie-Ecologie, Mémoires du
Muséum National d’Histoire Naturelle: First
International Round Table on Dipterocarpaceae. Série
B, Botanique 26: 69-75. Editions du Muséum, Paris.

Parameswaran, N. and Zamuco, G.I. 1979. Microscopy
of barks so-called ‘Philippine mahogany’ trees.
Beitridge zur Biologie der Pflanzen 54: 407-424.

Renous, S. 1989. Classification et cladisme. /n: Bons,
J. and Delsol, M. (eds.) Colloque enseignants-
chercheurs de la section “sciences de la vie et de la
terre” de 1'Ecole pratique des hautes Etudes 61 — 98.
Association A.A.A. Lyons, Boubée, Paris.

Revilla, Jr. A.V. 1976. An introduction to the Philippine
dipterocarps. The Philippine Lumberman 22(4): 7-8,
10-14.

Richards, P. 1952. The tropical rain forest, an ecological
study. Cambridge University Press, Cambridge, U.K.

Rojo, J.P. 1976. Shorea virescens Parijs, a hitherto
unrecorded Philippine dipterocarp. Kalikasan
Philippine Journal of Biology 5: 99-108.

Rojo, J. 1977. On the taxonomy of Shorea agsaboensis
Stern. Pterocarpus 3: 73-79.

Rojo, J. 1979. Updated enumeration of Philippine
dipterocarps. Sylvatrop 4: 123-146.

Rojo, J. 1987. Petiole anatomy and infrageneric
interspecific relationship of Philippine Shorea
(Dipterocarpceae). In: Kostermans A.J.G.H. (ed.)
Proceedings of the Third Round Table Conference on
Dipterocarps, 569-601. BIOTROP, Bogor.

Rojo, J.P., Aday, J.U., Barile, E.R., Arakal, R.K. and
America, W.M. (eds.) 1992. Proceedings of the 2nd
Pacific Regional Wood Anatomy Conference. Forest
Products Research and Development Institute, College,
Laguna.

Sidiyasa, Sutisna, U., Marfuah-Sutiyono, Titi Kalima
Sutrasno and Whitmore, T.C. 1986. Tree flora of

Indonesia: check list of Sumatra. Forest Research and
Development Centre, Bogor. 381p.

Sidiyasa, Sutisna, U., Marfuah-Sutiyono, Titi Kalima
Sutrasno and Whitmore, T.C. 1989a. Tree flora of
Indonesia: check list for Bali and Nusa Tenggara Timur.
Forest Research and Development Centre, Bogor.
119p.

Sidiyasa, Sutisna, U., Marfuah-Sutiyono, Titi Kalima
Sutrasno and Whitmore, T.C. 1989b. Tree flora of
Indonesia: check list for Sulawesi. Forest Research
and Development Centre, Bogor. 204p.

Smitinand, T. 1958a. Identification key to the
Dipterocarpaceae of Thailand. Natural History
Museum of Siamese Society 19: 57-83.

Smitinand, T. 1958b. The genus Dipterocarpus Gaertn.
f. in Thailand. Thai Forest Bulletin of Botany 4: 52.

Smitinand, T. 1979. Present classification of
Dipterocarpaceae from Thailand and Indochina. /n:
Maury-Lechon, G. (ed.). Diptérocarpacées:
Taxonomie-Phylogénie-Ecologie, Mémoires du
Muséum National d’Histoire Naturelle: First
International Round Table on Dipterocarpaceae. Série
B, Botanique 26: 11-13. Editions du Muséum, Paris.

Smitinand, T. 1980. Thai plant names: botanical names
and vernacular names. Second Print. Royal Forest
Department, Bangkok. 377p.

Smitinand, T. and Santisuk, T. 1981. Dipterocarpaceae
of Thailand with special reference to silvicultural
ecology. /n: Ng, F.S.P. (eds.) Proceedings of the
Second International Round Table Conference on
Dipterocarps. Malaysian Forester 44: 377-385.

Smitinand, T., Santisuk, T. and Phengklai, C. 1980. The
manual of Dipterocarpaceae of mainland South-East
Asia. Thai Forest Bulletin of Botany 12: 1-137.

Smitinand, T., Vidal, J.E. and Pham H.H. 1990.
Diptérocarpacées. Flore du Cambodge du Laos et du
Vietnam 25: 3-112.

Stebbins, G.L. 1960. Variation and evolution in plants.
Columbia University Press, New York, London. 643p.

Sukwong, S. 1981. Analysis of the dry dipterocarp forest
vegetation in Thailand. Journal of the National Research
Council of Thailand 14: 55-57.

Sukwong, S., Dhamanitayakul, P. and Pongumphai, S.
1975. Phenology and seasonal growth of dry



Biogeography and Evolutionary Systematics of Dipterocarpaceae 43

dipterocarp forest tree species. Kasetsart Journal 9:
104-114.

Symington, C.F. 1943. Foresters’ manual of
dipterocarps. Forest Department, Kuala Lumpur. 244p.

Takhtajan, A. 1969. Flowering plants. Origin and
dispersal. Oliver and Boyd, Edinburgh. 310p.

Tao, G. and Dunaiqiu. 1984. Neogene flora of Tengchong
basin in Western Yunnan, China. Acta Botanica Sinica
24: 281.

Tao, G. and Tong, S. 1982. Materials for Chinese
Dipterocarpaceae. Acta Botanica Yunnanica 4: 345-
346.

Tao, G. and Zhang, J. 1983. A new species of
Dipterocarpaceae from China. Acta Botanica Yunnanica
5: 379-380.

Taugourdeau, J. and Vozenin-Serra, C. 1987. Les
associations paléofloristiques nord-téthysiennes,
indices d’un milieu tropical de I’infra-Lias au Dogger.
Mémoires des Travaux de I’Ecole Pratique des Hautes
Etudes. Institut de Montpellier 17: 295-313.

Tewary, P.K. 1984. Revision of Indian Dipterocarpaceae.
Thesis, University of Kalyani, West Bengal, India.
207p.

Tewary, P.K. and Sarkar, A.K. 1987a. Taxonomical,
ecological and foliar epidermal studies in Indian
Dipterocarpaceae. /n: Kostermans A.J.G.H. (ed.)
Proceedings of the Third Round Table Conference on
Dipterocarps, 537-567. BIOTROP, Bogor.

Tewary, P.K. and Sarkar, A.K. 1987b. The genus Shorea
Roxb. ex Gaertn. (Dipterocarpaceae) in India. Journal
of Economic and Taxonomic Botany 11: 103-114.

Tsumura, Y., Wickneswari, R., Kawahara, T. and
Yoshimura, K. 1993. Phylogeny of Dipterocarpaceae
using RFLP of chloroplast DNA. XVth International
Botanical Congress, International Union of Biological
Sciences, Yokohama.

Verdcourt, B. 1989. Flora of tropical East Africa -
Dipterocarpaceae. Balkeman A.A., Rotterdam. 11p.
Vidal, J.E. 1960. La végétation du Laos 2éme partie.
Travaux du Laboratoire Forestier de Toulouse 5, L’ Asie

Orientale, 121-582.

Vidal, J.E. 1962. Matériaux pour la flore du Cambodge,

du Laos et du Vietnam. Adansonia 2 (2): 322-328.

Vidal, J.E. 1979. Ecologie et repartition geographique
des Dipterocarpacees indochinoises. /n: Maury-

Lechon, G. (ed.) Diptérocarpacées: Taxonomie-
Phylogénie-Ecologie, Mémoires du Muséum National
d’Histoire Naturelle: First International Round Table
on Dipterocarpaceae. Série B, Botanique 26: 14-18.
Editions du Muséum, Paris.

Vozenin-Serra, C. 1984. Etat de nos connaissances sur
les flores du Paléozoique supérieur et du Mésozoique
du Sud-Est asiatique. Interprétations
paléogéographiques. Mémoires de la Société
Géologique de France, NS 147: 169-181.

Vozenin-Serra, C. and Salard-Cheboldaeff, M. 1994. Les
données paléobotaniques dans le Sud-Ouest Pacifique
au Permo-Trias; leurs confrontations aux modéles
géodynamiques. Neues Jahrbuch fiir Geologie und
Paldontologie. Monatshefte 54-64. E.
Schweizerbart’sche Verlagsbuchhandlung, Stuttgart,
Germany.

Vozenin-Serra, C. and Taugourdeau-Lantz, J. 1985. La
flore de la formation Shemshak (Rhétien a Bajocien;
Iran): rapports avec les flores contemporaines.
Implications paléogéographiques. Bulletin de la
Société Géologique de France 8, I(5): 663-678.

Wang Da-Ming, Yang Shao-Zeng and Yang Yung-Kang.
1981. A new species of Hopea with some notes on
Hopea mollessima from Yunnan. Acta
Phytotaxonomica Sinica 19: 253-256.

Whitmore, T.C. 1962. Studies in systematic bark
morphology. I Bark morphology in Dipterocarpaceae.
IT General features of bark construction in
Dipterocarpaceae. New Phytologist 61: 191-220.

Whitmore, T.C. 1963. Studies in systematic bark
morphology. Il Bark taxonomy in Dipterocarpaceae.
Gardens' Bulletin Singapore 19: 321-371.

Whitmore, T.C. (ed.) 1976. Natural variation and its
taxonomic treatment within tropical tree species as
seen in the Far East in tropical Trees, variation,
breeding and conservation. Linnean Society
Symposium Series 2: 25-34.

Whitmore, T.C. 1979. Bark morphology and taxonomy
of Dipterocarpaceae. /n: Maury-Lechon, G. (ed.)
Diptérocarpacées: Taxonomie-Phylogénie-Ecologie,
Mémoires du Muséum National d’Histoire Naturelle:
First International Round Table on Dipterocarpaceae.
Série B, Botanique 26: 68. Editions du Muséum, Paris.

Whitmore, T.C. 1988. Forest types and forest zonation.
In: Earl of Cranbrook (ed.) Malaysia, 20-30. Key
Environments Series. Pergamon Press, Oxford.



Biogeography and Evolutionary Systematics of Dipterocarpaceae 44

Wickneswari, R. (ed.) 1993. Genetic consideration of
biodiversity in tropical rain forest. ASEAN Seminar
on Management and Conservation of Biodiversity.
ASEAN Institute of Forest Management, Kuala
Lumpur, Malaysia.

Wildeman , E. de. 1927. Dipterocarpaceae. In:
Contribution a I’étude de la flore du Katanga, 56-57.

Wildeman, E. de. and Staner, P. 1933. Dipterocarpaceae.
In: Contribution a I’étude de la flore du Katanga, 43.

Wolffe, J.A. 1969. An interpretation of Alaskan Tertiary
floras. In: XI International Botanical Congress,
Abstracts. United States Geological Survey, Menlo
Park, California.

Wolffe, J.A. 1977. Paleogene floras from the Gulf of
Alaska regions. United States Geological Survey

Professional Paper. United States Geological Survey,
Reston, VA, United States, 108p.

Woon, C. and Keng, H. 1979. Observations on stamens
of the Dipterocarpaceae. Gardens’ Bulletin Singapore
32: 1-55.

Wyatt-Smith, J. 1963. Manual of Malayan silviculture
for inland forests, Vol. 1. Malayan Forest Record no.
23. Forest Research Institute Malaysia, Kepong.

Xu Zhaifu and Yu Pinhua. 1982. The research on
adaptability of the introduced dipterocarps to lower
temperature. Acta Botanica Yunnanica 4: 297-301.

Zhu Hua and Wang Hong. 1992. Notes on two species
of family Dipterocarpaceae found in Xishuangbanna.
Acta Botanica Yunnanica 14: 21-26.



Chapter 2
]

Conservation of Genetic Resources

in the Dipterocarpaceae

K.S. Bawa

Introduction

The biological and economic importance of
Dipterocarpaceae lies in the extraordinary dominance of
its members over vast areas in forests of southeast Asia.
With approximately 510 species and 16 genera, the family
may not be particularly large among tropical woody
groups. Other families such as Euphorbiaceae,
Myrtaceae, Rubiaceae, Annonaceae, and Lauraceae have
more taxa than the Dipterocarpaceae, however, they are
pantropical in distribution. Although members of
Dipterocarpaceae are also found in the African and
American tropics, 13 out of 16 genera and 470 out of 510
species are largely restricted to Asia, and there, restricted
primarily to south and southeast Asia. In Malaysia, it is
certainly among the six largest families that are
predominantly woody, the others being Euphorbiaceae,
Myrtaceae, Rubiaceae, Annonaceae, and Lauraceae.
Moreover, the members of the family are exceedingly
abundant in lowland forests of southeast Asia, for
example, in many areas, 80% of the emergent individuals
and 40% of understorey trees are dipterocarps (Ashton
1982). Thus, when one considers the relatively restricted
distribution of the family, both diversity and abundance
are its main attributes.

The diversity of the family is under assault from
deforestation and habitat alteration. Effective in-situ and
ex-situ conservation strategies are required to conserve
the existing genetic resources. To conserve genetic
resources, it is essential not only to maintain existing
diversity, but also to understand the ecological and
evolutionary processes that have been responsible for the
origin, evolution, and maintenance of diversity at
intraspecific and higher taxonomic levels. This chapter
has two broad objectives. One is to review genetic
mechanisms responsible for the origin and maintenance
of diversity. The second is to identify areas of research
that may elucidate patterns and processes of diversity and

a more complete understanding of factors regulating
diversity. It is assumed that a better understanding of
diversity and the mechanisms maintaining diversity may
be helpful in developing effective strategies for
conservation of genetic resources. The chapter ends with
a brief commentary on the institutions involved in
research related to the conservation genetics of the family.

Diversity

Genetic mechanisms responsible for diversification at
intraspecific and specific levels are considered and then
patterns of genetic variation within and among
populations are described.

Chromosomal Differentiation

Information about chromosome numbers is available for
9 out of 15 genera and 68 out of 510 species of the family
(Jong and Kaur 1979, Ashton 1982). Species and genera
are remarkably uniform with respect to chromosome
number. Perhaps all species in the genera Dryobalanops,
Hopea, Neobalanocarpus, Parashorea, and Shorea have
x=7 as the basic number. Anisoptera, Dipterocarpus,
Upuna, and Vatica seem to have x=11 as the basic
number. Several species in the genera with x=7 as the
basic number have a somatic chromosome number of 20,
21 and 22. Thus, x=11 may have been derived from x=7
through alloploidy.

Polyploid species are known in only two genera:
Hopea and Shorea. In Hopea, polyploidy has been
reported in 5 out of 9 species and in Shorea in 3 out of 36
species. Five of these polyploid species are triploids
(2n=21; also 2n=20 and 22) and one (2n=20) seems to
be an aneuploid derivative of a triploid. Many of the
triploids are apomictic (see below).
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Table 1. Infraspecific variation in chromosome number
(from Ashton 1982).

Species Chromosome
Number

Dipterocarpus alatus 20, 22
D. tuberculatus 20
D. tuberculatus var. turbinatus 30
Hopea beccariana 20, 21, 22
H. odorata 14, 20, 21, 22
H. subalata 20, 21, 22

Aneuploid series are common in Anisoptera and
Dipterocarpus. Both genera have species with 2n=20 or
2n=22. In some taxa, both variants occur within the same
species (Table 1).

Thus, both polyploidy and aneuploidy indicate the
importance of chromosomal variation in diversification
at the species level. However, the largest genus, Shorea,
shows remarkable uniformity in chromosome number;
31 out of the 34 species, for which chromosome numbers
are known, have the same diploid number, viz. 2n=14.

Intraspecific variation in chromosome number has
been reported in several species, particularly in
Dipterocarpus and Hopea (Table 1). Of the 68 species
for which chromosome numbers are available, 6 species
have been recorded to show intraspecific variation. Such
variation has not been reported for species of Shorea, the
largest genus of the family even though data are available
for 34 species.

Inter and intraspecific variation in chromosome
numbers is difficult to interpret for two reasons. First,
more than one chromosome numbers for the same taxon
have been reported by different rather than the same
author. Second, much of the reported variation due to
reports of a single author, Tixier (1960) and most of
Tixier’s counts have not been confirmed by others.

It should, also be kept in mind that information on
chromosome number for large tropical trees is usually
obtained from very small sample sizes. Often only one
or two individuals in a population are examined and rarely
is there data from more than one population. Thus, it is
impossible from available data to determine the magnitude
of intraspecific variation in chromosome number.
Furthermore, even in these cases, where such variation
has been reported, one cannot estimate the extent of
variation and therefore its significance. For example, for
species of Dipterocarpus as well as Hopea listed in Table
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1, variation is in the form of either aneuploid or
polyploid chromosomal series, but whether this variation
is in the form of occasional aneuploid or polyploid
populations is not known (Ashton 1982).

Breeding Systems

Breeding systems are one of the primary determinants of
the pattern of genetic diversity in natural populations of
plants (Hamrick 1982, Hamrick and Godt 1989).
Outcrossing combined with extensive movement of pollen
and seed can lead to a high degree of genetic variation
within populations but reduce differentiation among
populations. Selfing and limited mobility of pollen and
seed can have the opposite effect of reducing variation
within, but promoting differentiation among populations.
Dipterocarpaceae have bisexual flowers which are
pollinated by a variety of animal vectors (see below).
Controlled pollinations have revealed the presence of self-
incompatibility systems in a large number of species. At
least 14 out of 17 species appear to be self-incompatible
(Table 2.) The self-incompatibility system in several
species is apparently weak, as is the case in many other
tropical species. In most of the species subjected to
controlled pollination so far, a certain proportion of self-
pollinated flowers set fruits. Dayanandan et al. (1990)
and Momose et al. (1994) suggest that fruit set in self
and cross-pollinated flowers is initially high but during
development, fruits from self-pollinated flowers suffer
from higher abortion rates than fruits from cross-
pollinated flowers. T. Inoue (personal communication)
has implicated the existence of a post-zygotic
incompatibility system in Dryobalanops lanceolata. Such
systems have also been reported for other tropical forest
trees (Bawa 1979, Seavey and Bawa 1983).

On the basis of controlled pollinations, most
dipterocarps appear to be strongly cross-pollinated.
Outcrossing is the usual mode of reproduction in tropical
forest trees (Ashton 1969, Bawa 1974, 1979, 1990, and
references therein.) However, in dipterocarps, studies of
breeding systems conducted so far are based on very small
sample sizes in very few species. The data of Dayanandan
et al. (1990) are from 2-3 trees, mostly two of each
species; of Chan (1981) from 1-2 trees, and of Momose
et al. (1994) from only one tree. Considering the
variability among trees and that the distinction between
self-compatibility and self-incompatibility in the family
appears to be quantitative, large sample sizes will be
required to precisely define the self-incompatibility
systems.
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Table 2. Breeding systems of Dipterocarps.
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Species/Section Percent Fruit Set Inferred Breeding References
Selfed Crossed System

Shorea cordifolia 0.5 21.0 Self-incompatible 1
Section Doona

S disticha 0.0 10.0 Self-incompatible 1
Section Doona

S. trapezifolia 0.8 3.8 Self-incompatible 1
Section Doona

S. trapezifolia 0.5 11.3 Self-incompatible 1
Section Doona

S hemsleyana 0.0 15.2 Self-incompatible 2
Section Muticae

S macroptera 25 19.9 Self-incompatible 2
Section Muticae

S. lepidota 17 24.4 Self-incompatible 2
Section Muticae

S acuminata 11 34.1 Self-incompatible 2
Section Muticae

S. leprosula 1.6 17.0 Self-incompatible 2
Section Muticae

S splendida 0.0 375 Self-incompatible 2
Section Pachycarpae

S stenoptera n/a n/a Self-incompatible 2
Section Pachycarpae

S ovalis 16.2 17.6 Self-compatible 2
Section Ovales

Dipterocarpus oblongifolius 69.3 64.0 Self-compatible 2

Dryobalanops lanceolata n/a n/a Self-incompatible 3

Hopea glabra n/a n/a Self-compatible or 2
Section Richetioides apomictic

S. maxima n/a n/a Self-incompatible 2
Section Richetioides

S multiflora n/‘a n/a Self-incompatible 2

1: Dayanandan et al. (1990); 2:Chan (1981);

Outcrossing Rates

More recently genetic markers in the form of allozymes
have been used to quantify mating systems in species of
Dryobalanops, Hopea, Shorea, and Stemonoporus.
Analysis of mating systems on the basis of markers allows
examination of the progeny arrays of many trees in the
population. Moreover, outcrossing rate (tm) can be
quantified between zero and one; zero representing
complete selfing and one indicating 100% outcrossing.
Mating systems of species examined so far are shown in
Table 3. The outcrossing rates range from 0.617 in Shorea

3: Mamose et al. (1994).

trapezifolia to 0.898 in Stemonoporus oblongifolius.
The average rates expressed in Table 3 mask considerable
variation among trees and years. The rate varied from
0.49 to 1.00 among trees in Shorea congestiflora
(Murawski et al. 1994a, b). S. megistophylla trees in the
logged forests had a lower outcrossing rate than trees in
undisturbed forests (Murawski et al. 1994b). The
difference seems to be dependent on the density of
reproductive trees. Such density-dependent differences
in outcrossing rates have also been shown in several other
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Table 3. Outcrossing rates of Dipterocarps.
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ranges and therefore disperse pollen

over varying distances. Appanah and
Chan (1981) implicated thrips as
pollen vectors for several species of

Species Outcrossing Rate tm  References

(% standard error)
Dryobalanops 0.794 (+0.059) — Kitamura et al. (1994)
aromatica 0.856 (+0.063)

Shorea congestiflora
S. megistophylla

S. trapezifolia
Stemonoporus
oblongifolius

0.874 (*0.021)
0.860 (*0.058)
0.617 (*0.033)
0.898 (*0.022)

Murawski et al. (1994)
Murawski et al. (1994)
Murawski et al. (1994)
Murawski & Bawa
(1993)

Malaysian species of Shorea, section
Muticae. The thrips breed in flower
buds of the species they pollinate and,
as flowering progresses, they multiply
in number. The adult thrips feed on
stamens and petals. As the petals of the

tropical tree species (Murawski and Hamrick 1990,
1991). Apparently, the low density of trees in logged
stands reduces the inter-tree movement of pollinators
and promotes self-pollination. Selfing, in part, may be
aided by a weak self-incompatibility system.

Kitamura ef al. (1994) compared outcrossing rates
of Dryobalanops aromatica in primary and secondary
forests but found no significant differences.

Self-incompatibility as well as mating system studies
suggest that dipterocarps are predominantly outcrossed.
Outcrossing in large populations can allow populations
to harbour considerable genetic variation. In dipterocarps,
mass flowering is also likely to enhance outcrossing by
allowing exchange of gametes among a very large number
of individuals. Not surprisingly, therefore, populations
of dipterocarps show considerable genetic variation (see
below).

Although the analysis of mating systems shows that
the rates of outcrossing are high, it is also clear that there
is a considerable potential for selfing in almost all species
examined so far. Moreover, apomixis has been reported
in several species (see below). While outcrossing
continuously generates new genetic variation, potential
for self-pollination and apomixis allows occasional new
variants to spread in the population or colonise new sites,
and thereby promote differentiation of taxa.

Pollen and Seed Dispersal
Pollen dispersal influences the mating system, and both
pollen and seed dispersal affect population genetic
structure. Limited dispersal results in inbreeding, small
effective population sizes, and a high level of
differentiation among populations. Extensive dispersal
has the opposite effect.

Outcrossing in dipterocarps is achieved through a
wide variety of pollinators that differ in their foraging

flowers are shed from the tree the
thrips fall on the ground and then move
to a new cohort of subsequently opened flowers. The
distances over which thrips move are not known but,
because of their relatively small body size, they
apparently do not fly over long distances. It is presumed
that their restricted movement is not a drawback in their
effectiveness as pollinators because the species they
pollinate are relatively abundant.

Dayanandan et al. (1990) present evidence for
pollination of Shorea megistophylla (section Doona) and
Vateria copallifera by bees (Apis spp.). They also
observed a wide variety of other insect floral visitors
including thrips. However, the thrips acted as flower
predators rather than pollinators, particularly in V.
copallifera.

More recently, Momose et al. (1994) have presented
evidence for pollination of Dryobalanops lanceolata, a
large canopy tree species in Sarawak, by medium sized,
stingless bees (Trigona spp.). They also noted the presence
of many other types of flower visitors (Coleoptera and
Diptera). Momose et al. suggest that medium sized,
stingless bees constitute an important group of pollen
vectors for canopy and subcanopy trees in Sarawak (see
also Chan and Appanah 1980).

Clearly, the dipterocarps are pollinated by a wide
variety of insects. The three detailed studies, respectively
by Appanah and Chan (1981), Dayanandan et a/. (1990),
and Momose et al. (1994) have revealed three different
classes of pollinators. Ashton (1982) in his extensive
review also lists beetles and moths as flower visitors,
although their role in pollination has not yet been
demonstrated. Among the pollinators implicated so far,
all, except thrips, are capable of moving pollen over long
distances. The extent of gene flow via pollen (and seeds)
is further discussed in subsequent sections.

Seed dispersal in most dipterocarps is by wind
(Ashton 1982). In most species, sepals are modified into
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wing like structures in the fruits that allow the single
seeded fruits to gyrate toward the ground. Many species
growing in swamps or river banks have fruits with short
sepals and may be dispersed by water (Ashton 1982). In
some dipterocarps, such as species of Stemonoporus,
fruits are without wing-like sepals. When mature, they
simply fall on the ground and are apparently not removed
by any disperser (Murawski and Bawa 1994) although
rodents are known to hoard the seeds and, perhaps, aid in
dispersal (P. Ashton, personal communication). Seeds
disseminated by wind and water can potentially disperse
over long distances. In Shorea albida, dissemination by
wind up to 2 km has been documented (Ashton 1982)
and although dispersal by water has not been observed in
any species seeds may move over long distances in water
channels.

Apomixis

Apomixis has been reported in several taxa of the family.
There is embryological evidence for the existence of
multiple embryos originating from a single ovule in
Shorea ovalis ssp. sericea and S. agamii ssp. agamii
(Kaur et al. 1978). Multiple seedlings from a single fruit,
indicative of polyembryony, have been reported in
Anisoptera curtisii, Dipterocarpus baudii, D. cornutus,
D. costulatus, Dryobalanops aromatica, Hopea
odorata, H. subalata, Parashorea densiflora, Shorea
argentifolia, S. gratissima, S. macrophylla, S.
parvifolia, S. pauciflora, S. smithiana, Vatica pallida
and V. pauciflora (Kaur et al. 1978 and references
therein) and in Shorea trapezifolia (S. Dayanandan,
personal commnication). The percentage of multiple
seedlings is low in all these species except for S.
macroptera, S. resinosa, H. odorata, and H. subalata
in which 30-70%, 98%, 90% and 21% seeds respectively
have multiple seedlings.

Interestingly, a recent study by Wickneswari and
Norwati (1994) indicates that multiple seedlings from
the same seed in Hopea odorata have different
genotypes raising the possibility that multiple seedlings
may not necessarily involve apomixis. Furthermore,
using genetic markers, a high outcrossing rate has been
estimated for the species (Table 3). [sozyme surveys also
reveal high amounts of genetic diversity within
populations (Wickneswari et al. 1994).

Apomixis is associated with triploidy in Shorea
resinosa and Hopea subalata (also possibly in H.
latifolia) but other species displaying polyembryony are
mostly diploid. The ovary in Dipterocarpaceae is usually
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three locular with two ovules in each loculus. Normally,
only one ovule develops into a seed thus, multiple
seedlings can result from occasional development of
seeds from more than one ovule and the presence of such
seedlings need not always imply apomixis.

Apparently, in some species apomixis is widespread
while in others it occurs occasionally. Obligate apomixis
for either individual trees or populations (and species)
remains to be demonstrated but is a possibility in taxa
with a triploid chromosome number. Certainly among
tropical woody families apomixis at a scale comparable
to Dipterocarpaceae has not been reported. Moreover,
considering that most species in the family have a low
diploid chromosome number, the common occurrence
of apomixis is puzzling because apomixis is usually
associated with polyploidy and hybridisation.

Apomixis could have played an important role in
evolution of the family. New genetic combinations
arising through mutations or hybridisation that may be
partially or completely sterile can be perpetuated by
apomixis. Vegetative multiplication can also maintain
heterozygosity for a long time. In addition, apomixis and
self-pollination may allow new genetic variants to spread
at new sites. Subsequent restoration of sexual
reproduction and outcrossing, combined with mutation,
can introduce genetic variation in the new isolates.

Hybridisation

Hybridisation has played an important role in the
evolution and diversification of angiosperms (Stebbins
1950). Hybrids in tropical trees are assumed to be rare
(Ashton 1969). In dipterocarps, however, hybrids have
been frequently reported. Ashton (1982) suggests that
many triploid taxa in the family could be of infraspecific
hybrid origin. His list includes the following: Hopea
subalata, H. odorata, Shorea ovalis ssp. sericea,
Neobalanocarpus heimii, Shorea leprosula, S. curtisii,
and hybrids between Vatica rassak and V. umbonata, and
Anisoptera costata and A. curtisii. Many examples of
putative hybrids between species of Dipterocarpus have
also been reported (Symington 1943). Apomixis, already
noted in several taxa of the family, could certainly allow
the hybrids to persist until sexual fertility is restored.
Although several of the interspecific hybrids are
polyploids, polyploidy in the family has so far been
recorded in relatively few taxa. On the other hand, the
base number x=11 observed in several genera of the
family itself could be of ancient alloploid derivation.
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Genetic Diversity Within and Among Populations
The existence of self-incompatibility and high
outcrossing rates suggest that populations of
dipterocarps should harbour high levels of genetic
variation. Indeed, recent studies, based on analysis of
variation at isozyme loci, have revealed considerable
genetic variation in natural populations. A high level of
enzymatic polymorphism in natural populations of
Shorea leprosula was first detected by Gan et al. (1977).
More recently, genetic diversity within and among
populations of several species of Hopea (Wickneswari
1994), Shorea (Harada et al. 1994),
Stemonoporus (Murawski and Bawa 1994, Dayanandan
and Bawa, unpublished data) has been quantified. Genetic
diversity in many Malaysian species of Hopea and
Shorea were studied using Random Amplified
Polymorphic DNAs (RAPD). Considerable variation was
found both within and among populations. The level of
diversity in species of Hopea (Wickneswari ef al. 1996)
was less than in species of Shorea (Harada et al. 1994).
In these studies, methods to characterise genetic
diversity depended upon several assumptions about the
segregation and homology of bands. Moreover, results
from most RAPD surveys cannot be compared with those
obtained from isozyme surveys because dominance at
RAPD ‘loci’ makes it impossible to distinguish
heterozygotes from homozygotes. Thus, genetic diversity
cannot be characterised in conventional terms. Bawa and
his associates have used isozymes to estimate genetic
diversity in species of Stemonoporus and Shorea. In
Stemonoporus oblongifolius, the percent of
polymorphic loci range from 89% to 100%, the average
number of alleles per polymorphic locus is 3.1 and mean
genetic diversity for the species is 0.297. The number
of loci sampled was 9 and was the same sampled for other
dipterocarps and tropical trees. The estimates of genetic
diversity are among the highest reported for plant species
(Murawski and Bawa 1994). The values for the above
parameters are lower for Shorea trapezifolia, but remain
toward the higher end of the value reported for tropical
trees. Similarly, a high level of genetic variation has been
observed in Shorea megistophylla (Murawski et al.
1994b) and several other species of Stemonoporus
(Murawski and Bawa, unpublished). Wickneswari et al.
(1994) also report high levels of variation in Hopea
odorata on the basis of isozyme studies.
Inter-population differentiation on the basis of
isozyme surveys has been studied in only three species:

et al.
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Stemonoporus oblongifolius (Murawski and Bawa
1994), Shorea trapezifolia (Dayanandan and Bawa, in
preparation) and Hopea odorata (Wickneswari et al.
1994). In all cases, there is a high level of variation among
populations. In Stemonoporus oblongifolius, the mean Gst
value, which is a measure of population differentiation,
is 0.16. In other words, 16% of total genetic diversity is
due to differences among populations. Interestingly, the
distance among sampled populations ranged from 1.3 to
9.7 km. Thus, populations seem to differ over a relatively
small spatial scale. In Shorea trapezifolia too the Gst value
was high (0.11); in this case the most distant were
separated by 43.5 km. The mean genetic distance between
populations in Hopea odorata was 0.10 (Wickneswari et
al. 1994).

The high level of genetic differentiation could be due
to either restricted gene flow or local selection. Direct
observations of gene flow in dipterocarps are lacking.
Seed dispersal in Stemonoporus oblongifolius seems to
be passive; the one seeded, heavy, resinous fruit drop
under the maternal tree and the seed germinates without
being removed by any disperser (Murawski and Bawa
1994). In Shorea trapezifolia, the seeds are dispersed by
gyration, assisted by wind with most seeds falling within
the vicinity of the parent. Gyration of fruits, referred to
earlier, may have evolved as an adaptation to restrict
dispersal to the sites in which the parents are found. Thus,
gene dispersal via seeds in both species does not generally
occur over large distances.

The degree of gene dispersal via pollen would depend
upon the pollinators. Medium sized to large bees should
be able to bring about long-distance dispersal more
frequently than small bees or thrips. Both Stemonoporus
oblongifolius and Shorea trapezifolia are pollinated by
medium-sized bees (4pis spp.).

Gene dispersal has been indirectly measured in
Shorea trapezifolia (more than one migrant per
generation). Nm estimates the degree of migration
between populations, and a value of Nm>1 is enough to
prevent population differentiation due to drift for neutral
loci (Wright 1931, Maruyama 1970, Slatkin and
Maruyama 1975). In S. trapezifolia, the value of Nm is
1.62. This high value indicates that differentiation in S.
trapezifolia is not due to restricted gene flow.

Ashton (1982, 1988) has shown that congeneric
species in the family often occupy different edaphic zones.
Moreover, within the same habitat related species may
be differentiated along environmental gradients that
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define the regeneration ‘niche’. Therefore, genetic
selection within taxa of the family can readily be moulded
by fine and coarse grain variation in the environment.
Thus, the inter-population differentiation observed in
Stemonoporus oblongifolius and Shorea trapezifolia is
consistent with the hypothesis that slight variation in the
habitat can allow genetic variants to differentiate along
environmental gradients despite low or moderate levels
of gene flow.

Summary of Diversification Processes

Most dipterocarps are outcrossed and diploid. Speciation
seems to have involved allopatric differentiation of widely
outcrossing populations; differentiation seems to have
occurred in response to differences in soils and habitats
(Ashton 1969). Aneuploidy, polyploidy, and hybridisation
may have also assumed a role in the spread of some
variants arising as a result of hybridisation and changes
in chromosome number. At the intraspecific level,
outcrossing maintains high levels of genetic variation in
populations. Mass flowering combined with abundance
of adults probably ensures large effective population
sizes. Nevertheless, despite extensive gene flow,
selection results in differentiation of populations over
relatively small scales.

Research Needs

Future research needs may be best examined in the context
of threats to diversity. Genetic resources are imperilled
by deforestation and forest fragmentation. Moreover,
selective logging often can lead to reduction in genetic
variation (Kemp 1992) and alter population structure with
concomitant changes in demography and genetics of
subsequent generations (Bawa 1993). Global climatic
change is also expected to influence plant populations,
but the potential effects, deleterious or beneficial, are not
well defined, particularly for the areas where dipterocarps
are dominant.

Deforestation and forest fragmentation may influence
diversity in several ways. Species or populations may
become extinct or severely endangered. At the population
level, once seemingly large, contiguous populations may
be broken into relatively small, remnant patches,
physically isolated from each other. Over time, gene
exchange among the remnant patches may be completely
eliminated and the small populations may be subject to
inbreeding. Habitat fragmentation can also increase
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overall levels of variation if isolated populations diverge
from each other. The consequences of fragmentation
depend upon the degree and duration of isolation and the
size of the isolated population.

Fragmentation of habitats may have deleterious
effects on both the ecosystem dominants as well as rare
species. The ecosystem dominants may have very large
populations, and fragmentation may result in loss of
genetic diversity (Holsinger 1993). Rare species may face
severe reduction in population size following
fragmentation. Many species of dipterocarps have adult
population densities as low as 0.07 to 0.30 individuals
per hectare (Ashton 1988). Some of these species occur
in low population densities at more than one site and may
be particularly prone to inbreeding. In addition, there may
be selection for apomixis in such situations (P. Ashton,
personal communication).

Selective logging can also increase the potential for
inbreeding. Logging temporarily reduces adult population
densities. In many tropical tree species, inbreeding has
been shown to be a function of stand density (Murawski
and Hamrick 1990, 1991). In Shorea megistophylla, as
noted above, the rates of inbreeding are higher for trees
from logged stands than for trees in unlogged stands.
However, it should be noted that stands in properly
managed forests regenerate from seedlings established
prior to logging. In dipterocarps, the potential for
inbreeding is also increased by the fact that self-
incompatibility barriers are not strong; trees in many
species are capable of setting seeds after self-pollination,
but here again selfed seeds may be selected against in the
presence of outcrossed seeds in the same inflorescence.

The longevity of trees may not allow many of the
assumed deleterious consequences of forest fragmentation
and selective logging to be manifested for a long time.
Even in small patches, trees may set fruits and seeds and
regenerate without apparent ill-effects. Comparative
studies of reproductive output, mating patterns, and
regeneration processes involving trees in large contiguous
forests and small fragments may reveal the consequences
of habitat alteration.

Thus, in order to fully understand the effects of
deforestation, forest fragmentation, and forest
management practices on forest genetic resources of
dipterocarps, we need a better understanding of patterns
of diversity and processes that maintain diversity. Areas
of research that require immediate attention are outlined
below.
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Species Level Research

First, we have to identify species that are endangered or
threatened with extinction. In some instances, populations
of species themselves might be large, but the types of
forests in which such species occur may be disappearing
at a very rapid rate. Examples are the moist seasonal
evergreen forests on the western slopes of western Ghats
in India and throughout Indochina, the mixed dipterocarp
forests in the southwest region of Sri Lanka, and the
dipterocarp forests in Philippines. Fortunately, due to the
work of Ashton (1982, 1988) and others, as compared to
other tropical families, there is far more information
available on the geographical ranges of various species
and the type of habitats and soil types occupied by these
species. More recently, P. Ashton has reviewed the
conservation status of all Asian dipterocarps for the World
Conservation Monitoring Centre at Cambridge, UK. All
this information along with other data on land use patterns,
fragmentation, and deforestation should be combined in
a geographical information system to provide easily
comprehensible graphical information on the current
status of distribution of species and the conservation status
of'the forests in which they occur. Such a database would
be particularly useful because, in many cases, information
on the conservation status of family members is equivalent
to information on conservation status of dipterocarp
forests, the most important and dominant vegetation in
very large areas of south Asia and southeast Asia.

Second, we need to identify centres of taxonomic
diversity and active speciation in the family. Centres of
taxonomic diversity, of course, are known on the basis
of morphological criteria (Ashton 1982, 1988). Molecular
techniques, however, provide means to rapidly assess
species relationships and to elucidate patterns of
speciation. For example, within section Doona of Shorea,
molecular data indicates that the ‘Beraliya’ group is
evolving at a higher rate than the remaining species (S.
Dayanandan, personal communication).

Third, comparative studies of genetic diversity in
species that occupy centres of diversity and those that
occur away from zones of diversification may provide
further insights into patterns of genetic diversity. As
mentioned earlier, Murawski and Bawa (1994) observed
an unusually high level of genetic variation in natural
populations of Stemonoporus oblongifolius. The genus
is endemic to Sri Lanka and has undergone active
speciation in a small region in the southwest region of
the island. The high diversity observed by Murawski and
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Bawa may be due to the fact that this species is found in
a region which is the centre of active speciation.
Similarly, comparative studies of related common and
rare species, or species in different ecological zones
may provide additional insights into patterns of genetic
diversity among species.

Fourth, there is an urgent need to study the effects of
logging on genetic diversity and other population genetic
parameters such as inbreeding and gene flow. Gene
Resources Areas that are being established in Malaysia
(Tsai and Yuan 1995) may provide excellent opportunities
for such comparative research.

Fifth, we need a better understanding of the
importance of chromosomal variation, apomixis, and
hybridisation in diversification at the species level and
infraspecific levels. We know the species and genera in
which these processes occur. However, our knowledge
with respect to the incidence and ecological and
evolutionary importance, particularly, of apomixis and
hybridisation is very limited. Again, molecular
techniques now offer new opportunities to assess the
significance of these processes.

Finally, information on breeding systems and
pollination mechanisms is required for many taxa to
characterise genetic factors maintaining genetic variation.
Such information is available for only a few species. Many
large genera such as Dipterocarpus and Hopea remain
unexplored.

Intraspecific Level Research

First, the most urgent need is the characterisation of the
patterns of genetic variation in important species.
However, in addition to ecosystem dominants and species
of commercial importance, we also need to analyse the
genetic structure of rare species. A better understanding
of the spatial organisation of genetic variation is critical
to the assessment of the effects of deforestation and forest
fragmentation on genetic diversity.

Second, comparative studies of gene flow in
contiguous and fragmented forests can provide
information about the effective size of populations,
microevolutionary forces responsible for genetic
differentiation among populations, and the potential
effects of deforestation and fragmentation on genetic
isolation of populations that were once contiguous.

Third, comparative studies of central and peripheral
populations may be useful in revealing pockets of high
genetic diversity. Populations in the centre of a species
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range may often show more genetic variation than
peripheral populations due to a higher rate of gene
exchange in central populations.

Fourth, the effect of genetic diversity and inbreeding
on population viability should be an area of utmost
concern. Are reduced levels of genetic diversity and
outcrossing associated with a decline in fitness? Decrease
in fitness may be manifested as reduction in fruit and
seed set, seedling vigour and overall recruitment and
regeneration. It is thus critical to link genetic studies and
demographic studies. Comparative studies of gene flow
in fragmented and contiguous forests, described earlier,
should incorporate comparative studies of the effects of
genetic variation and inbreeding on reproductive output
and regeneration. Mass flowering in dipterocarps also
offers opportunities to gain insights into the relationship
between genetic diversity and population recruitment.
Sporadic flowering in off years may reduce the effective
population size, increase inbreeding and mortality of seeds
due to predation and lead to a disproportionately low level
of recruitment. Comparative genetic and demographic
studies during mass and sporadic off year flowering can
provide useful information about possible effects of
reduction in population size.

Fifth, many species of dipterocarps display
intraspecific variation in chromosome number and
apomixis. However, the frequency of chromosomal
variants or apomixis within or among populations is not
documented. There are now molecular tools to rapidly
assay populations for the incidence of chromosomal
variation, apomixis and hybridisation.

Site-specific Research

The rates of deforestation vary widely among the regions.
Species diversity of dipterocarps is also not uniform
throughout South and Southeast Asia. Thus, from a
geographical perspective, high priority should be
accorded to regions that are undergoing rapid
deforestation and those that have very high species
richness.

The Philippines, Sri Lanka and the Western Ghats of
south India have been converted into other forms of land
uses at a high rate during the last fifty years. These areas
have certainly lost unique populations and perhaps species
of dipterocarps. In such areas, there is an immediate need
to assess the conservation status of various taxa building
on P. Ashton’s earlier review. Sri Lanka particularly
deserves serious consideration because of the high
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degree of endemism: 6 out of 7 genera and 45 out of 46
species of dipterocarps are endemic to the country.

The greatest species diversity in the family is found
in northwest Borneo. However, much of the cytology
and genetic research cited in this paper has been
conducted on species from Peninsular Malaysia and Sri
Lanka. Data from genetics and population biology of the
taxa that occur in northwest Borneo should provide useful
insights into mechanisms regulating differentiation
within and among species.

Institutional Capability and Constraints

P.S. Ashton , J. Liu, P. Hall and their associates (Harvard
University), S. Appanah, H. Chan, and others (Forest
Research Institute Malaysia (FRIM)) have played a key
role in advancing our knowledge of the systematics,
biogeography, and ecology of the family. Research in
systematics and ecology is being continued at Harvard
University. At FRIM the scope of research in genetic
resources has been recently enlarged to include such
areas as molecular evolution and population genetics.

In Sri Lanka, N. Gunatilleke and S. Gunatilleke at
the University of Peradeniya have a major research
programme on conservation biology of dipterocarps.
This programme includes research on population biology
and population genetics. N. Gunatilleke and S.
Gunatilleke have collaborated with P. Ashton (Harvard
University), K. Bawa and D. Murawski (University of
Massachusetts, Boston).

Another major centre of research on population
biology and genetics of dipterocarps is the Kyoto
University. T. Inoue, K. Momose and R. Terauchi are
involved in detailed studies of phenology, pollination
biology and genetics of dipterocarp species in Sarawak.
The work is a part of a major programme on canopy
research in dipterocarp forests.

S. Dayanandan and R. Primack (Boston University)
are working in collaboration with P. Ashton on a diverse
range of issues in dipterocarp biology, from molecular
biology to population dynamics.

Recently, the Center for International Forestry
Research (CIFOR) and International Plant Genetic
Resources Institute (IPGRI) have initiated a project on
population genetics, specifically on the effects of forest
fragmentation, logging and non-logging disturbance on
genetic diversity of some dipterocarps. This programme
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involves a number of institutions in India, Indonesia,
Malaysia and Thailand.

Apart from insufficient funding, the major factor
constraining progress has been the lack of a coordinated
programme with clear objectives and predetermined
priorities. With the establishment of institutions such
as CIFOR and IPGRYI, it should be possible to undertake
a cohesive research programme with well defined goals.
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Seed Physiology
P.B. Tompsett

Seed is the natural vehicle for gene movement and
storage. It is the usual form in which germplasm is
collected. When procedures can be devised to transport
and retain material in this form, many of the technical
problems associated with other methods can be avoided.
This advantage renders seed especially appropriate for
users in tropical and subtropical countries. In general,
seed is the most common form of propagation for
afforestation and is the form in which breeding stock is
usually retained. There are, however, considerable
problems remaining in the use of seed. Some of these
are discussed below for dipterocarp species in relation
to the underlying seed physiology processes.

Much pioneering work on agricultural crop seed
physiology was conducted over the last 20 years (see
below for some references) and the principles
discovered often apply to seed of woody species. These
earlier results have been translated into technological
principles. Thus, manuals have been published on the
design of seed storage facilities (Cromarty ef al. 1982),
seed management techniques (Ellis ef al. 1984) and a
handbook on seed technology for genebanks (Ellis ef al.
1985). Knowledge of seed physiology has thus improved
practical handling and management of crop seeds.

Compared to crop species, relatively little research
has been published on tropical and subtropical tree seed
technology and physiology. Publications have been
produced following IUFRO Seed Problems Group
meetings, the most recent of which was held in Tanzania
(Olsen 1996). Another source of information is a
summary of some relevant seed physiology projects
which has recently been published in database form
(Tompsett and Kemp 1996a, b). Also, a seed compendium
has been published which supplies succinct entries on
many tropical trees (Hong et al. 1996).

A considerable amount of empirical work on the
storage of forest tree seed has been carried out; a
sampling is given in Chapter 4. A more physiological
research approach is relatively new. Many tree species
have seed that is desiccation-sensitive (‘recalcitrant’),

Chapter3

so that moisture physiology is especially important for
this group. However, in a recent review article on water
in relation to seed storage, the section on desiccation-
sensitive seeds comprised only 4% of the article
(Roberts and Ellis 1989). More attention is, however,
now being given to recalcitrant seeds (see, for example,
Berjak and Pammenter 1996).

Framework of the Review

Germination is basic to all aspects of seed studies; work
on germination physiology, especially in relation to
temperature, is thus considered first. Another important
experimental consideration is the physiological
condition of the seed at the time of harvest, moisture
content being the single most important factor; this is
considered next in the review. Thirdly, the effect of
desiccation is discussed; knowledge of this factor enables
seed to be classed as orthodox (tolerant) or recalcitrant
(intolerant). Finally, the effects of seed storage are
considered.

The Review

Germination
In general, dipterocarp seeds germinate quickly under
moist, warm conditions.

Early germination studies took the form of nursery
assessments leading to ecological conclusions. A major
study of this type, in which 56 dipterocarp species were
assessed for germination rate and final germination, is
that of Ng (1980); no conclusions can be made
concerning temperature effects. Conditions were more
closely controlled in experiments on Shorea roxburghii,
S. robusta and S. almon by Tompsett (1985); results
showed optimum germination in the range 26-31°C for
these three species. Corbineau and Come (1986) found
that final germination reached nearly 100% for both
Hopea odorata and S. roxburghii over a broad range of
temperatures, but 30-35°C was deemed optimal because
germination rates were faster. More recently, a standard
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Table 1. Optimum germination temperatures, germination rates and base temperature values (Tompsett and Kemp

19963, b).
Species Base Time to 50% final Optimum Radicle length
temperature germination at the temperature defining
(°C) optimum (°C) germination
temperature (d) (mm)
Shorea almon n/a n/a 26 5
Shorea siamensis n/a n/a 26 5
Shorea smithiana n/a n/a 26 3
Shorea pinanga n/a n/a 31 10
Hopea parviflora n/a 11 31 5
Shorea roxburghii n/a 11 31 5
Dipterocarpus alatus n/a 20 26 5
Shorea robusta n/a 4 31 5
Anisoptera marginata n/a 6 26 3
Hopea foxworthyi 6.4 4 31 3
Hopea odorata 7.1 2 31 5
Shorea leprosula 7.5 4 31 3
Shorea parvifolia 8.3 4 26 3
Shorea contorta 8.8 7 26 3
Shorea affinis 9.4 5 26 3
Parashorea smythiesii 9.7 3 31 3
Dipterocarpus costatus 10.2 30 31 3
Dryobalanops aromatica 10.5 3 26 3
Parashorea tomentella 10.5 9 31 10
Shorea guiso 11.0 4 26 3
Anisoptera costata 114 5 26 3
Shorea ferruginea 12.2 6 26 3
Dipterocarpus obtusifolius 12.4 3 26 5
Cotylelobium burckii 13.0 9 26 3
Vatica mangachapoi 13.0 9 31 3
Dipterocarpus turbinatus 15.2 5 26 10
Cotylelobium melanoxylon 15.4 6 31 3
Dipterocarpus tuberculatus 15.8 13 31 5
Shorea amplexicaulis 15.8 7 26 3
Dipterocarpus zeylanicus 16.2 11 26 10
Shorea argentifolia 16.4 4 26 3

approach was adopted in a series of germination studies
so that physiological parameters could be assessed
(Table 1). Optimum germination for 30 species was
confirmed as lying between 26°C and 31°C and the value
for the time to 50% final germination, at the optimum
temperature, generally ranged between 2 and 13 days.
There were two Dipterocarpus species (D. alatus and
D. costatus) that were much slower to germinate,
however.

A physiological parameter relating to the theoretical
value at which zero growth occurs was also assessed;
this is referred to as the ‘base temperature’. The base

temperature is the intersect on the temperature axis for
the plot of germination rate against temperature. More
details of technique are given in Tompsett and Kemp
(19964, b); the parameter is further discussed below.

Chilling damage

Studies show germination is reduced or does not occur
at temperatures below 16°C for several dipterocarp
species (Tompsett 1985, Corbineau and Come 1986),
due to chilling damage. This type of damage is also
observed in the results from storage research; data show
a reduced ability to survive low temperature conditions
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(Sasaki 1980, Yap 1981, Tompsett 1985, Corbineau and
Come 1986).

Sasaki (1980) considered seeds of (i) Shorea species
in the ‘yellow and white meranti’ groups, (ii) Hopea, (iii)
Dipterocarpus, (iv) Vatica, (v) Dryobalanops, (vi)
Balanocarpus and (vii) Parashorea to be tolerant down
to 4°C. By contrast, he believed that seeds of Shorea
species in the ‘red meranti and balau’ groups were
intolerant of temperatures below 15°C. He classified
Anisoptera as a tolerant genus in a separate publication
(Sasaki 1979). Yap (1981) later proposed a three-group
classification: firstly, seed of species in the
Dipterocarpus, Dryobalanops, Neobalanocarpus and
Vatica genera were said to be intolerant of temperatures
below 14°C; secondly, seed of Shorea species in the
sections Mutica, Pachycarpae and Brachypterae were
considered intolerant of temperatures below 22°-28°C;
and, finally, seed of Shorea species in the Anthoshorea
section and seed of Hopea and Parashorea could be
cooled to 4°C (but were recommended to be stored at
14°C). Further details relating taxonomic classification
to chilling damage are given elsewhere (Tompsett 1992).
A possible explanation for the above inconsistencies is
that different authors have studied the effects of chilling
for different periods of time, leading to different
conclusions; exposure of seed to longer periods of
chilling can show up chilling damage which might
otherwise have ben missed in the case of relatively chill-
resistant species.

The processes behind the chilling physiology
phenomenon have not been adequately studied. However,
differences among species in susceptibility to chilling
damage are confirmed by the base temperature data in
Table 1. In particular, Hopea species appear the most
resistant to chilling damage, since they have the lowest
base temperatures. A low value for the base temperature
is expected if germination ability decreases relatively
slowly as germination temperature is reduced. It should
be emphasised, however, that these results apply
exclusively to moist seeds. Storage of dry orthodox
dipterocarp seeds at low temperatures is described in
the storage section below.

The differences in chilling tolerance of seeds among
dipterocarp species are quantitative rather than qualitative.
Seed of the ‘tolerant’ species S. roxburghii eventually
suffers damage at 2°C -5°C relative to seed kept at
warmer temperatures (Purohit et al. 1982, Tompsett
1985). Another example of chilling damage which
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occurred over a lengthy period of time is that to H.
hainanensis. For this species, seed at 5°C almost all
died after 6 months; by contrast, at 15°C -20 °C no loss
of viability occurred (Song et al. 1984).

Harvest and Maturity

The condition of seed at harvest is of primary concern
in the planning of all physiological experiments.
Moisture contents at or near harvest are given for 25
species in Table 2, including examples from both seasonal
and aseasonal dipterocarp forests. Seeds of the three
species with the lowest moisture contents, which are
found in seasonal forests, were collected from the
ground after natural desiccation. For these seeds, drying
occurs very swiftly after abscission because the open
canopy exposes them to direct sunlight. Of the remaining
species listed, some are derived from the dry forest and
others from moist areas; they possessed a relatively high
range of post-processing moisture contents between 29
and 56% (usually, seeds were just de-winged).

It has been realised for some time that there can be a
considerable difference between whole-seed moisture
content and moisture content of the embryo or embryo
axis (Grout et al.,1983). Since axis or embryo moisture
content is more closely related to basic physiological
processes than whole seed moisture content, it is a
preferable measure to use herein. Axis values have been
determined for dipterocarp species (Table 2) and range
from 51 to 74%, except in the case of the much lower
value for the dry-zone species Dipterocarpus
tuberculatus, which was collected after natural drying.

Seed maturation

A few developmental studies have been carried out on
dipterocarp species; whole-seed moisture content has
been employed in most of these as the main physiological
criterion. Sasaki (1980) reported that the moisture
content (wet basis) of Shorea roxburghii declined from
60 to 50% in the final 3 weeks of maturation on the tree.
Panochit et al. (1986) reported a comparable decline
from 40 to 30% for the same species, whilst a reduction
from 59 to 49% was reported for S. siamensis (Panochit
et al. 1984).

Nautiyal and Purohit (1985a) assessed changes
during maturation of S. robusta seed; they described
these changes as biphasic. Over the 60 days from anthesis
to maturity, concentrations of soluble carbohydrates,
starch, soluble protein and acid phosphatase were
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Percentage moisture content and oil values for processed, dewinged whole seed and excised

Species Whole-seed moisture Axis moisture Embryo oil content
content* (percentage) content* ** (percentage)
(percentage)

Dipterocarpus intricatus *** 8 n/a 16
Dipterocarpus alatus *** 11 n/a 7
Dipterocarpus tuberculatus *** 11 13 19
Shorea ferruginea 29 n/a 61
Shorea argentifolia 29 51 n/a
Hopea ferrea 32 n/a 9
Shorea parvifolia 32 62 n/a
Hopea foxworthyi 34 52 n/a
Hopea odorata 36 54 20
Shorea gibbosa 37 64 n/a
Dipterocarpus costatus 38 n/a 10
Shorea macrophyilla 38 66 n/a
Parashorea tomentella 40 63 n/a
Shorea amplexicaulis 40 69 57
Dipterocarpus grandiflorus 40 70 n/a
Anisoptera costata 42 n/a 33
Shorea fallax 42 70 n/a
Shorea affinis 44 63 n/a
Dipterocarpus chartaceus 47 n/a 8
Shorea leptoderma 47 61 n/a
Parashorea malaanonan 48 66 n/a
Dryobalanops keithii 50 56 n/a
Stemonoporus canaliculatus 53 64 n/a
Shorea macroptera 55 n/a n/a
Dipterocarpus obtusifolius 56 74 n/a

*: calculated on wet weight basis;
**: calculated on dry weight basis;

determined; in addition, declining moisture content,
increasing germination and increasing weight of the seed
were recorded. One theory proposed was that early
desiccation of the seed coat may be connected with poor
viability; this explanation appears unlikely since S.
roxburghii has similar seed coat structures and is much
longer-lived.

An interaction of maturity with chilling damage has
been noted. Increased resistance to such damage was
observed as maturity approached for S. siamensis
(Panochit et al. 1984); germination declined to zero and
25% for seed collected 4 and 2 weeks respectively
before maturity after storage for 28 days at 2°C, but
mature seed still gave about 60% germination after 56
days of similar storage. The same effect was noted for
S. roxburghii (Panochit et al. 1986).

*** seeds of OLDA (orthodox with limited desiccation
ability) dried naturally in the field.

Tang and Tamari (1973) were the first to report the
post-harvest-maturation phenomenon for dipterocarp
seeds. They found that Hopea helferi and H. odorata
seeds blown down prematurely by a high wind increased
in germination during storage. The effect was observed
over a period of about one week for seeds held at 15 °C.

Desiccation Studies

Knowledge of its storage physiology category, which can
be derived from desiccation studies, is the single most
useful piece of physiological information about a seed.
It is the key to correct seed handling procedures.

Seed storage physiology categories
Three storage category designations are recognised. Of
these, the main two are:



Seed Physiology

= orthodox; and
= recalcitrant.

The orthodox type is capable of desiccation to a low
moisture content (approximately 5%) and storage for
several years at -20°C with little loss of viability (Roberts
1973). By contrast, the recalcitrant type is not capable
of desiccation to a low moisture content without loss of
germination capacity and cannot be stored for long
periods of time (Roberts 1973).

A third category of seed storage physiology has been
described. It was first defined in 1984 in relation to
Araucaria columnaris seed (Tompsett 1984) and was
termed ‘orthodox with limited desiccation ability’
(OLDA). A similar category was later defined for coffee
seed and termed ‘intermediate’; the name denotes its
partial tolerance of desiccation (Ellis ef al. 1990, 1991).
Some recent evidence (Tompsett, unpublished), however,
confirms there may be little physiological difference
between this third category of seed and the orthodox
type. There are, however, important practical handling
difficulties associated with this third category. These
problems justify its retention as a distinct storage type.

Some tropical seed is additionally subject to low-
temperature damage when stored in the moist condition
(chilling damage, see pages 58-59). As a result, further
categories could have been included. However, it was
considered preferable, for the sake of simplicity, to
employ only the three desiccation-damage-based
categories described above. To date, all dipterocarp
species examined have been found to be subject to
chilling damage when moist.

Desiccation physiology

Curves of germination percentage against moisture
content percentage can be plotted for the results from
controlled desiccation studies. These curves illustrate
whether the seed is recalcitrant or not and give
parameters for the way the seed responds when it is dried.
One parameter is the lowest-safe moisture content
(LSMC), defined as the value below which viability is
immediately lost on drying. The value for this parameter
provides a guide to the moisture content below which
seed should not be held during handling procedures.
LSMC values were assessed under standard drying
conditions and were found to vary between 26% and 50%
(Table 3). In Table 4 further LSMC data are given;
although these were assessed using various desiccation
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methods, the results are in broad agreement with those
in Table 3.

Slope and intercept parameters are presented for
some species (Table 3); these define the relationship
between germination and moisture content during
desiccation.

Desiccation rates

It is possible that desiccation rate may influence viability;
for example, seeds dried quickly might give lower
germination than seeds dried more slowly and gently to
the same moisture content. However, in the case of the
‘recalcitrant’ seed
(Araucariaceae) no such differences were observed
(Tompsett 1982). No intensive study of this sort has been
carried out on dipterocarp seed. However,
Amata-Archachai and Hellum (unpublished) found that
immature fruits of Dipterocarpus alatus clearly dried
quicker than mature fruits; they suggested that the
difference could be because of the death on drying of
the immature seeds. However, the faster loss of moisture
by immature seeds could also be explained by their
smaller size. Small seeds have a higher ratio of surface
area to volume than large seeds, enabling quicker
moisture loss. In this connection, Tamari (1976) found
small seeds of S. parvifolia (0.3 g) gave low viability,
whilst large seeds (0.5 g) gave higher viability. One
explanation for the latter finding is that the smaller seeds
had dried quicker and thus lost more viability than larger
seeds prior to testing.

Clear-cut differences in desiccation rates among
seeds of species in the same genus have been reported
by Tompsett (1986, 1987); rates for Dipterocarpus
seeds varied greatly and depended on their size and
structure. At the one extreme D. intricatus seed required
only one week to dry to 7% moisture content; at the other
extreme, seed of D. obtusifolius under identical
conditions retained c. 30% moisture content even after
5 weeks. Likewise, Yap (1986) found S. parvifolia seeds
dried quicker than those of two larger-seeded species
of Shorea; he believed the difference in rates to be
related to pericarp thickness.

Differences in desiccation rates of the type discussed
above may possibly affect both the initial
post-desiccation viability and the subsequent storage life
of the seed. Further studies are needed to assess these
effects.

of Araucaria hunsteinii
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Table 3. Relationship between germination and moisture content during desiccation (Tompsett and Kemp 1996a, b)*.

Species Lowest-safe moisture  Slope of probit line (probits  Intercept of probit line
content values per unit of moisture content (probit percentage
(percentage)** percentage) germination)

Shorea leprosula 26 n/a n/a
Shorea argentifolia 28 0.1814 -3.5780
Shorea ferruginea 29 0.1912 -4.8300
Hopea ferrea 30 0.1050 -3.5660
Hopea mengerawan 30 0.1400 -3.6700
Hopea foxworthyi 31 0.0994 -2.5555
Hopea odorata 32 0.1303 -3.6450
Shorea parvifolia 32 n/a n/a
Shorea roxburghii 32 0.1000 -2.7700
Shorea obtusa 33 0.0660 -2.4420
Shorea ovalis 33 0.1816 -5.0550
Cotylelobium melanoxylon 34 0.1303 -3.1790
Vatica mangachapoi 34 0.0919 -3.4460
Cotylelobium burckii 35 0.1400 -3.2200
Parashorea smythiesii 35 0.1743 -4.9920
Shorea macrophylla 35 0.0978 -2.6190
Shorea trapezifolia 37 n/a n/a
Dipterocarpus costatus 38 0.0789 -1.9360
Dipterocarpus obtusifolius 38 0.0584 -2.2470
Dipterocarpus zeylanicus 38 0.1427 -3.8090
Shorea fallax 38 0.0869 -2.2470
Shorea macroptera 38 0.0867 -4.2300
Parashorea tomentella 40 0.2000 -7.1400
Shorea amplexicaulis 40 0.1307 -5.5600
Shorea congestiflora 40 0.0904 -3.6510
Shorea robusta 40 0.1300 -4.2200
Vatica odorata ssp. odorata 41 0.0961 -3.6290
Shorea affinis 42 0.0475 -1.6120
Shorea almon 42 0.1400 -5.4700
Shorea leptoderma 42 0.0460 -2.5280
Dipterocarpus turbinatus 43 0.1300 -5.5300
Dryobalanops lanceolata 43 0.1200 -6.0400
Dryobalanops keithii 50 0.1233 -5.0770
Parashorea malaanonan 50 0.0965 -3.9830

*: Results can be summarised by regression as a straight line if
germination percentage is first transformed into probits;

The basis of desiccation damage

If the basic causes of desiccation damage could be
determined, a way might be found to reduce the effect,
thus enabling better survival of the seed. In this
connection, Nautiyal and Purohit (1985b, c) assessed
various factors for S. robusta seed. The quantity of
nutrients leaking from the seed increased as moisture
content (and germination ability) declined; it was

**: LSMC for seeds dried at 10-15% relative humidity and 15-
20°C.

concluded that cellular membranes in the seed had lost
their semi-permeability. However, whether the apparent
loss of semi-permeability was a primary result of
desiccation, or whether it was one aspect of a general
loss of metabolic capability could not be distinguished
from the data obtained. A small decline in the absolute
concentration of nutrients in the seed was observed, but
the significance of this decline was not clear. Protein
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Table 4. Lowest-safe moisture content values (wet weight basis) for mature seeds*.

Species Source LSMC (%)
Dipterocarpus alatus** Tompsett (unpub.) <q1***
Dipterocarpus caudatus Tompsett (unpub.) <YTH*
Dipterocarpus intricatus** Tompsett (1987) <12
Dipterocarpus tuberculatus** Tompsett (1987) <12
Dryobalanops aromatica Tang and Tamari (1973) 37
Hopea hainanensis Song et al. (1984) c.30
Hopea helferi Tang and Tamari (1973) 30
Shorea sumatrana Yap (1986) >40
Shorea acuminata Chin et al. (1984) <42
Shorea acuminata Yap (1986) >40
Shorea argentifolia Yap (1986) 35
Shorea gibbosa Tompsett (unpub.) >32%**
Shorea lepidota Yap (1986) 27
Shorea pachyphylla Tompsett (unpub.) >56%**
Shorea selanica Tompsett (1986) >25
Shorea siamensis Tompsett (unpub.) B1x**
Shorea singkawang Yap (1986) 55
Shorea xanthophylla Tompsett (unpub.) >41%**
Stemonoporus canaliculatus Tompsett (unpub.) 43***
Vatica umbonata Mahdi (1987) VL S

*: no slopes and intercepts available for these species;
**: seed is OLDA (orthodox with limited desiccation ability);

changes accompanying loss of viability of S. robusta
have also been reported (Nautiyal ef al. 1985).

Some authors have confused the effects of
desiccation itself with the effects of ageing; in order to
determine the effects of ageing, moisture contents
should be kept constant. However, in studies by Song et
al. (1983) on Hopea hainanensis it is clear that
desiccation effects per se were being examined. At 36%
moisture content the ultrastructure was intact, but on
desiccation to 26% moisture content, which severely
reduces germination percentage, various changes were
observed. Vesicles appeared in the cytoplasm, vacuolar
membranes ruptured and cell contents became less
distinct. Cell walls and cytoplasm became separated and
nuclear membranes could not be distinguished from the
nucleolus. These changes illustrate a general
deterioration of cellular structure rather than an effect
confined to the cell membrane. In a further study (Song
et al. 1986), desiccation to 31% was shown to disturb
the ribosomes and endoplasmic reticulum, but these
changes were reversed on re-hydration.

More recently, Krishan Chaitanya and Naithani
(1994) measured changes in superoxide, lipid

***: based on at least 25 seeds per germination;
****: unusually high value.

peroxidation and superoxide dismutase for seeds of S.
robusta during desiccation. They concluded that the loss
of viability observed may be caused by the cumulative
effect of peroxidation products of polyunsaturated fatty
acids and peroxidation of the membrane lipids.

Storage Physiology

Some aspects of seed storage are considered elsewhere:
practical aspects, including the effects of gases, are
discussed in Chapter 4; chilling physiology is considered
above under germination effects. Topics discussed below
include the following: best recorded storage periods; use
of viability constants; the significance of oil contents;
some aspects of tissue culture; and various associations
with storage physiology.

Best storage records

An up-to-date summary of best storage records is given
in Table 5. These records should not be confused with
practical recommendations; if the recommended storage
conditions were employed, longer storage would be
expected in many cases. The best record for an OLDA
species is 2829 days for Dipterocarpus alatus and the
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Table 5. Temperatures, moisture contents and germination of mature seeds for the optimum reported storage conditions.

Species Optimum storage achieved
Germination Days Temp. MC Other conditions Source
(%) C) )

Anisoptera costata 44 30 18 44 ventilated incubator, 99% Tompsett
rh, rib-channel PB, (unpub.)*
ventilated weekly

Anisoptera marginata 45 84 21 48 ventilated incubator, 99% Tompsett
rh, PB, ventilated weekly  (unpub.)*

Cotylelobium burckii 52 28 21 29 gas box, over water, Tompsett
ventilated weekly (unpub.)*

Cotylelobium 46 67 21 36 gas box, over water, Tompsett

melanoxylon ventilated weekly (unpub.)*

Dipterocarpus alatus** 44 2829 -13 11 hermetic, laminated Tompsett
aluminium foil bag (unpub.)*

Dipterocarpus baudii 25 30 14 n/a n/a Yap (1981)

Dipterocarpus 87 4 n/a 40 No information. Tompsett

grandiflorus (unpub.)*

Dipterocarpus 30 28 15 26 PB, sealed, inflated with ~ Maury-Lechon

humeratus nitrogen et al. (1981)

Dipterocarpus 30 2373 -20 10 hermetic, laminated Tompsett

intricatus** aluminium foil bag (unpub.)*

Dipterocarpus 20 60 18 59 ventilated incubator 99%  Tompsett

obtusifolius rh, rib-channel PB, (unpub.)*
ventilated weekly

Dipterocarpus 77 1369 -20 12 hermetic, laminated Tompsett

tuberculatus** aluminium foil bag (unpub.)*

Dipterocarpus 20 177 16 42 closed box, over water, Tompsett

turbinatus ventilated weekly (unpub.)*

Dipterocarpus 53 100 21 39 ventilated incubator 99%  Tompsett

zeylanicus rh, loose (unpub.)*

Dryobalanops 50 16 14 38-40 n/a Yap (1981)

aromatica

Dryobalanops keithii 54 23 16 45 PB tied, sawd. (18% Tompsett
MC), ventilated weekly (unpub.)*

Dryobalanops 92 62 21 56 PB sealed and inflated, Tompsett

lanceolata ventilated weekly (unpub.)*

Hopea ferrea 40 300 16 30-50 PB then perl. Tompsett

(unpub.)*

Hopea foxworthyi 68 365 18 35 ventilated incubator at Tompsett
99% rh, rib-channel PB, (unpub.)*
ventilated weekly

Hopea hainanensis 80 365 18 35-38 n/a Song et al.

(1984, 1986)

Hopea helferi 85 40 15 48 n/a Tang and

Tamari (1973)

Hopea mengerawan 40 67 21 44 ventilated incubator at Tompsett
99% r.h., loose (unpub.)*

Hopea nervosa 19 330 25 n/a n/a Sasaki (1980)

Hopea odorata 48 93 16 38 polythene rib-channel Tompsett
bag within polythene box, (unpub.)*

ventilated weekly
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Table 5. (continued) Temperatures, moisture contents and germination of mature seeds for the optimum reported storage

conditions.
Species Optimum storage achieved Source
Germination  Days Temp. MC Other conditions
(%) C) ()
Hopea parviflora 84 104 18 41 PB sealed and inflated, Tompsett
ventilated weekly (unpub.)*
Hopea subalata 40 51 4 32-43 nla Sasaki (1980)
Hopea wightiana 5 60 4 n/a n/a Sasaki (1980)
Monotes kerstingii 16 90 2 7 PB, ventilated weekly Tompsett
(unpub.)*
Neobalanocarpus 80 50 14 28-47 nla Yap (1981)
heimii
Parashorea densiflora 90 60 25 54 n/a Yap (1981)
Parashorea 67 141 18 45 rib-channel PB, Tompsett
malaanonan ventilated weekly (unpub.)*
Parashorea smythiesii 50 317 18 44 ventilated incubator 99%  Tompsett
rh, PB, perl. (0% MC), (unpub.)*
ventilated weekly
Parashorea tomentella 40 91 16 40 PB, 4% moisture content  Tompsett
perl., ventilated weekly (unpub.)*
Shorea acuminata 70 30 21 38-43 n/a Sasaki (1980)
Shorea affinis 56 253 21 35 ventilated incubator 99%  Tompsett
rh, loose (unpub.)*
Shorea almon 18 32 16 45 stored on agar, some Tompsett
seed germinated and are  (1985)
included
Shorea amplexicaulis 30 168 21 45 PB, sealed, perl. 0-8% Tompsett
MC, ventilated weekly (unpub.)*
Shorea argentifolia 60 45 21 43 No information. Sasaki (1980)
Shorea assamica 50 98 4 n/a n/a Sasaki (1980)
Shorea bracteolata 4 60 4 n/a n/a Sasaki (1980)
Shorea congestiflora 52 49 21 39 PB, top folded over, Tompsett
within gas box, ventilated  (unpub.)*
weekly
Shorea contorta 35 32 21 67 ventilated incubator 98%  Tompsett
rh, PB, ventilated weekly  (unpub.)*
Shorea curtisii 20 30 25 n/a n/a Yap (1981)
Shorea dasyphylla 24 14 21 40-46 n/a Sasaki (1980)
Shorea fallax 50 50 21 40 PB tied, with sawd., Tompsett
ventilated weekly (unpub.)*
Shorea ferruginea 36 77 21 34 PB, sealed and inflated, Tompsett
ventilated weekly (unpub.)*
Shorea hypochra 10 60 4 n/a n/a Sasaki (1980)
Shorea javanica 87 30 20 13-15 moisture low Umboh
(1987)
Shorea leprosula 45 30 21 32 No information. Sasaki (1980)
Shorea macrophylla 40 22 21 31 PB tied, with sawd., Tompsett
ventilated weekly (unpub.)*
Shorea obtusa 44 11 16 36 PB, sealed and inflated, Tompsett
ventilated weekly (unpub.)*
Shorea ovalis 87 92 21 37 No information. Sasaki (1980)
Shorea pachyphylla 28 16 18 66 ventilated incubator 99%  Tompsett

rh, over water

(unpub.)*
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Table 5. (continued) Temperatures, moisture contents and germination of mature seeds for the optimum reported

storage conditions.

Species Optimum storage achieved Source
Germination  Days Temp. MC Other conditions
(%) C) (%)

Shorea parvifolia 40 57 18 35 ventilated incubator Tompsett
99% rh, PB, with perl., (unpub.)*
ventilated weekly

Shorea pauciflora 67 45 25 38-51 nl/a Sasaki (1980)

Shorea pinanga 50 112 21 46 ventilated incubator Tompsett
99% rh, loose (unpub.)*

Shorea platyclados 80 58 25 n/a n/a Yap (1981)

Shorea robusta 54 49 15 0 partial vacuum, MC Khare et al.
unknown (1987)

Shorea roxburghii 52 307 16 36 PB, tied and inflated, Tompsett
ventilated weekly (1985)

Shorea siamensis 83 56 15 40-48 No information. Panochit et

al. (1984)

Shorea smithiana 28 46 26 44 PB sealed and inflated, = Tompsett
ventilated weekly (unpub.)*

Shorea sumatrana 60 15 25 n/a n/a Yap (1986)

Shorea trapezifolia 100 63 21 n/a ventilated incubator Tompsett
97% rh, PB, ventilated (unpub.)*
weekly, seed was pre-
germinated.

Stemonoporus 20 77 18-21 a7 ventilated incubator Tompsett

canaliculatus 99% rh, loose (unpub.)*

Vatica mangachapoi 24 85 21 40-45 PB, perl. 0% MC, Tompsett
ventilated weekly (unpub.)*

Vatica odorata ssp. 48 148 18 40 ventilated incubator Tompsett

odorata 99% rh, loose (unpub.)*

Vatica umbonata 10-50 60 10-15 n/a n/a Mori (1979)

*

. data based on at least 25 seeds per germination;

**. seed has OLDA storage physiology (orthodox with limited
desiccation ability);

MC: moisture content based on wet weight;

corresponding value for a recalcitrant species is 365
days for Hopea hainanensis. Five recalcitrant species
were stored for over 300 days and a further eight were
stored for over 100 days (Table 5). The three OLDA
species all stored for over 1300 days.

Viability constants
A brief background to viability constants (meaning and
derivation) is given.

The rate at which orthodox and OLDA seeds age in
storage increases with temperature and with moisture
contents between certain limits. Successive samples
from a seedlot of high initial viability in storage will
show progressively lower germination percentages,

perl.: stored in perlite;
sawd.: stored in sawdust;
PB: stored in ventilated polythene bag.

Note: not all reports specified the seed maturity.

producing a curve of germination against time which is
sigmoid in shape. This curve can be transformed by
probit analysis to produce a straight line relationship.
Results from many storage treatments (various moisture
content and temperature combinations) can be analysed
to give constants in a predictive equation. The equation
was developed by Ellis and Roberts (1980a, b) for
herbaceous species and is:
V= K;-P/10Kg - Cylog qm - Cyt-Cte (Eqn 1).
In this equation, V is the predicted viability, K is the
initial viability, P is the number of days in storage, m is
the moisture content (percentage fresh weight basis) and
t is the temperature (°C). Viability is expressed as probit
germination. The constants Kg, Cyy, Cpy and CQ are
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Table 6. Viability constants and standard errors for two OLDA species of dipterocarps (Tompsett and Kemp

1996a, b).
Species Ke (se) Cw (se) Cu(se) Cq(se)
Dipterocarpus 6.44 (0.72) 3.09 (0.61) 0.0329 (0.0017) 0.000478 (0.000000)
alatus
Dipterocarpus 6.34 (0.81) 2.70 (0.68) 0.0329 (0.0017) 0.000478 (0.000000)
intricatus

common to all seedlots of a species. The equation has
been shown to apply to tropical and temperate tree
species (Tompsett 1986).

Equation 1 was derived using the following equation:
logjgo = Kp - Cyylog;gm-Cpt-Cht ... (Eqn 2).
In this equation, o represents the rate of loss of viability

in days per probit.

The viability constants Ky, Cyy, Cy and Cy of Eqn 2
are reported for two dipterocarp species in Table 6.
Ageing was observed under at least 4 temperature
conditions and with several moisture content treatments
at each temperature in order to obtain the parameters
presented for these species. Further details of method
are in Tompsett and Kemp (1996a, b).

The constants for the two Dipterocarpus species were
similar and can be used to predict viability at the end of
any storage period when moisture content and
temperature are known. Thus, for D. alatus, a 64-year
period is predicted before seed ages to 85% germination,
provided the initial viability of the seed is 99.4% and
storage is at -13°C with 7% moisture content.
Calculations should be based on sound seed only. This
approach enables decisions to be made about the
cheapest conditions commensurate with attaining the
objectives of storage for different purposes. The 7%
moisture content value for D. alatus was chosen, in part,
because it has proved difficult to dry the seed further.

Oil content of the seed

Details of embryo oil contents for dipterocarps are given
in Table 2 and show much lower values for Hopea and
Dipterocarpus than for Shorea.

In the predictive viability equation given above, the
water status of seed was assessed using moisture content.
However, a more accurate measure of seed water status
in relation to physiological activity is seed water
potential. Water potential is in turn related to the relative
humidity which produces, at equilibrium, the moisture
content under consideration. These relationships have

been considered in connection with storage life by
Roberts and Ellis (1989). The reason why relative
humidity is of importance may be illustrated by
considering the influence on longevity of the reserves
in an oily seed. For a species with an oil content of 50%,
ageing-associated physiological responses would be
predicted at a moisture content which is about half the
moisture content for the same responses in a non-oily
seed, provided all other factors are identical. This is
because of the hydrophobic nature of the oily reserve.
The relative humidity value at equilibrium for the same
physiological responses, however, would be expected to
be similar for both species. Since seeds of
Dipterocarpus alatus are not oily, it is not surprising
that optimum longevity is at a relatively high moisture
content near 7%. By contrast, the oily seed of Swietenia
humilis (Meliaceae) is best stored at near 3% moisture
content.

Tissue Culture

Tissue culture has been suggested as a means of storage
of gene resources under slow growth conditions.
Additionally, this technique can be employed for
micropropagation. It is also likely that tissue culture
would be needed to grow the resulting tissue after
cryopreservation if the latter method proves practical.
However, tissue culture of dipterocarps is not easy, high
rates of cell necrosis having been observed for some
species. High resin content within the tissues may be at
least partly responsible for this effect for some species.
However, some success has been achieved by Smits and
Struycken (1983), Scott er al. (1988) and Linington
(1991) in culturing the tissues of some Shorea and
Dipterocarpus species.

Association of storage physiology with seed
characters and tree habitat

Various associations have been noted for dipterocarp
seeds. The LSMC, defined as the moisture content below



Seed Physiology

which some germination loss occurs on desiccation, is
associated with various properties of the seed and its
parent tree. Seed size, seed desiccation rate, seed
longevity and the habitat of the parent species have all
been found to be related to storage physiology.

Storage physiology and seed size

For three Shorea species a relationship has been noted
between seed size and desiccation tolerance; lowest-safe
moisture content values increase as size increases from
the small, desiccation-tolerant seed of S. roxburghii to
the larger, desiccation-intolerant seed of S. almon
(Tompsett 1985). A similar relationship was found in the
Dipterocarpus genus (Tompsett 1987), but in this case
it is the size of the embryo that appears more important.
Thus, two relatively small-embryoed species (D.
intricatus and D. tuberculatus) were shown to be OLDA
in their storage physiology (and can therefore be dried
with relatively little damage); on the other hand, two
species with large embryos (D. obtusifolius and D.
turbinatus) were shown to have high LSMC values and
recalcitrant physiology. There are other species that fit
this pattern (Tompsett 1986).

A further association which has been observed is that
recalcitrant seeds tend to be smooth surfaced (globular),
whilst OLDA seeds have tubercles or other projections
from the calyx. These projections may enhance
desiccation rate, leading to better storage on the forest
floor (Tompsett 1987), as explained below.

Storage physiology in relation to habitat and longevity
Seeds of three recalcitrant Shorea species from
different habitats have been found to have different
desiccation tolerances. The low-rainfall area species S.
roxburghii has seed which can be dried safely down to
35%, whereas the two monsoon or rain forest species S.
almon and S. robusta cannot be safely dried below 40%
moisture content (Tompsett 1985). Interestingly, the seed
with the greatest desiccation tolerance (S. roxburghii)
is also the seed with the greatest longevity.

A more extreme example is found in the genus
Dipterocarpus. Two dry-zone, deciduous species (D.
intricatus and D. tuberculatus) have OLDA-physiology
seeds, whilst two other species with distributions
extending into the relatively wet, evergreen areas (D.
turbinatus and D. obtusifolius) have recalcitrant seeds
(Tompsett 1987). The longevity of dry OLDA seeds is
relatively great (Table 5), whilst recalcitrant seeds cannot
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be stored in the long term at present. As with other
factors, these patterns have been found to extend to seeds
of other species; trees from low-rainfall and sandy-soiled
areas tend to have greater longevity and lower LSMC
values (Tompsett 1986).

Storage physiology in relation to seed desiccation
rate

The OLDA seeds of Dipterocarpus intricatus and D.
tuberculatus can dry to below 10% in 2 weeks, whereas
the recalcitrant seed of D. obtusifolius remains above
28% moisture content even after 5 weeks in the same
drying conditions (Tompsett 1987). This situation may
have evolved because OLDA species benefit from
desiccation in terms of enhanced storage life as follows.
If the wet season arrives late, so that the seeds lie on the
ground for several weeks, viability is nonetheless
preserved by their low moisture content under natural
conditions. Conversely, the slow desiccation rate
characteristic of recalcitrant seeds is protective against
desiccation damage. The differences in desiccation rates
observed are generally associated with seed size (small
seeds dry faster) and probably also to seed anatomy.

Induction of Flowering and Seeding

Little work has been done on the artificial induction of
flowering and seeding. However, Tompsett,
Tangmitcharoen, Ngamkhajornwiwat and
Sornsathapornkul (unpublished) have found a positive
effect of the growth inhibitor paclobutrazol in promoting
the flowering of Dipterocarpus intricatus in north-east
Thailand. The best effect was found by applying the
substance at 20 g/l to buds between late September and
early November. The ability to control flowering would
aid breeding programmes and may enhance seed
production in years when it is otherwise poor.

Future Research

More work is needed to assess the seed storage
physiology categories of dipterocarp species, exploring
desiccation tolerance to assess whether the currently
known species with OLDA seed are the only ones in
existence. There are currently three such species known.
A broad range of species should be included to enable a
steady flow of material, despite the infrequent fruiting
and the logistical problems of locating, collecting and
transporting materials.
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Dipterocarp seed of the OLDA type has a shorter
storage life than seed of crop species if compared at the
same moisture content. Thus, it has been estimated that
the relevant K and, Cyy viability constants (which
indicate seed longevity) are, respectively, only 6.4 and
2.9 on the average for dipterocarp seed (Table 6),
compared with 8.4 and 4.7 (Tompsett 1994) for
herbaceous crops. Further research is needed to extend
these findings to other OLDA dipterocarp species.

The stage of fruit development at harvest is important
to ensure optimum desiccation tolerance, and
consequently to ensure maximum storage potential.
Further research is needed for dipterocarps in order to
closely assess the relationship between harvest
condition, postharvest handling, and desiccation
tolerance.

Studies are needed to increase knowledge of the
optimum moisture and temperature conditions for
storage of recalcitrant seeds, employing controlled
conditions. Especially, research is needed in relation to
the chilling injury. Studies to quantify chilling damage
in relation to moisture content are needed. Also, research
is required to determine its relationship to underlying
biochemical processes.

Although the database DABATTS (Tompsett and
Kemp 19964, b) includes a large amount of previously
unpublished information on dipterocarp seed, a high
proportion of its contents are the results produced by
the authors. Unpublished information from other sources
needs to be databased, building on DABATTS and
increasing the total sum of research results readily
available.

Research on the induction of flowering is necessary
to improve knowledge of the causes underlying the
irregular flowering of dipterocarps. Such research may
provide artificial means for the induction of flowering
in relation to breeding and to seed production in non-
mast years.

These approaches might with benefit be extended to
other tropical tree families such as the Palmae and
Sapotaceae.

Relevant Institutions

As described in Chapter 4 and above (in the work of
Sasaki, Mori, Tang, Tamari and Yap), Forest Research
Institute Malaysia (FRIM) has played a leading role in
early dipterocarp seed research, particularly in the areas
of germination ecology and storage research. Current
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work at FRIM on cryopreservation and seedling storage
is referred to elsewhere. Over the last decade, the seed
physiological studies at the Royal Botanic Gardens Kew
have contributed basic knowledge, creating a firm
foundation for practical recommendations. The Forest
Research Centre, Sandakan, Malaysia, has a seed research
laboratory constructed under an FAO aid programme and
has undertaken significant dipterocarp research.

In Thailand the Royal Forest Department’s ASEAN
Tree Seed Centre, Muak Lek, has been involved in
dipterocarp studies for a number of years and has good
facilities; additionally, the central laboratory in Bangkok
has an active research team on the topic.

The Ecosystems Research and Development Bureau,
Republic of the Philippines, is engaged in dipterocarp
seed research, as are the Forest Research and
Development Centre, the Biotechnology Centre and
BIOTROP in Bogor, Indonesia. In India, research on
biochemical aspects has been recently conducted at the
High Altitude Plant Physiology Research Centre of
Garhwal University, Srinagar and the Forest Research
Institute, Dehra Dun has been involved in dipterocarp
research in the recent past.

In China, biochemical, ultrastuctural and
physiological research on dipterocarp species has been
performed by staff of the Tropical Forest Research
Institute, Chinese Academy of Forestry, Guangdong.

Although not involved in dipterocarp research, the
Agriculture and Horticulture Department at Reading
University, UK, is developing experience in the area of
tropical tree seed physiology. Other institutes have
contributed information in this field, but space available
limits the numbers that can be included.
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B. Krishnapillay and P.B. Tompsett

In considering seed handling, it is important to be aware
of the sources of seed quality. Many benefits flow from
the use of better quality seeds, selected and handled
optimally; advantages include the improved survival of
seedlings and greater overall commercial returns.

However, methods to ensure high quality of seed
supply are not as advanced for dipterocarps as for other
forest species such as pines and eucalypts. The primary
problem is seed supply and this factor is a major
constraint in dipterocarp forest management. Thus, the
lack of seeds in sufficient quantity and quality has
discouraged the raising of seedlings in the nursery and
direct sowing of seeds in the field.

The majority of dipterocarps do not flower regularly.
In the aseasonal zones flowering occurs at intervals of
two to five years and its accurate prediction is impossible.
Consequently, it is difficult to plan major planting
activities. Even in flowering years, interference by
drought can cause premature fruit drop. On the other
hand, flowering is generally on an annual basis in the
seasonal climatic zones so that planning seed collection
in these areas is easier. Although seed production can
vary between years in any particular place, foresters can
make more secure plans by widening the area monitored
for seed supply.

A second problem in practice is the life span of
dipterocarp fruits; most species have short-lived
‘recalcitrant’ seed. If seed collectors do not harvest
mature seed and sow it immediately, a proportion will
soon become inviable. A few species, however, have long-
lived seed. Early descriptions of the short-lived nature
of dipterocarp seeds include those of Troup (1921), Sen
Gupta (1939) and Dent (1948). The period between
collection and sowing should thus generally be as short
as possible. In practice, reports of fruiting are often
received at short notice; thus, in order to produce
dipterocarp seedlings, a collection team has to be hastily
prepared for collection, transport and sowing in the
nursery. Few agencies can liaise these activities
efficiently. Schaffalitzky de Muckadell and Malim
(1983) considered some relevant factors.

Chapter 4
]

In seasonal forests, on the other hand, the scope for
forestry operations with dipterocarp species is wider,
flowering being more regular and seed being longer-lived.
Even in this climatic zone, however, most species are
recalcitrant. Much work has been carried out on the factors
controlling the longevity of dipterocarp seeds (see
Chapter 3). Researchers have achieved success for
species from both seasonal and aseasonal zones but have
made relatively more progress with species that do not
possess recalcitrant seed. Alternative means of raising
planting material have been investigated as a
complementary approach.

Several handbooks have been produced on the
handling of tropical tree seed, a notable example being
that of Willan (1985). In this chapter, wider aspects of
seed handling, including biology and ontogeny, are
described. In addition, seed collection, seed storage,
seedling storage and cryopreservation are covered and
future research priorities and prospects for successful
forest seed programmes are considered.

Factors Affecting Seed Viability

When seeds (more correctly fruits) reach maturity on
the mother plant, they begin to deteriorate; the rate of
deterioration depends on the environmental conditions
they experience. Progressively, germination rate is
reduced, the number of abnormal seedlings is increased
and field emergence is lowered. Cumulative damage
occurs until the seed is incapable of germinating.
Preferably, foresters should use seed before its viability
has dropped significantly. Various factors operating
before seeds arrive at the seed centre can influence initial
germination percentage. These factors in relation to seed
handling considerations are summarised below and more
detail is given in Chapter 3.

The effect of climate and pest infestation
Climatic conditions prior to seed harvest and the
physiological state of the mother tree may influence
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viability of the seed but experimental proof is lacking.
In some years there are heavy infestations of the
developing seed by pests and insects. It is possible that
heavy infestations occur relatively more frequently in
years when there are light crops on the tree but
confirmation of this relationship is needed.

Maturity

Seed germination continues to improve up to near the
time of peak maturity, emphasising the need for optimal
harvest timing.

Physiological and other associated damage

During the period between collection and arrival at the
seed centre, material is at risk. This applies particularly
if seed is held under conditions that are either too humid
or too dry, and if temperatures are too high or too low.
Necrosis is liable to occur under such conditions,
associated with fungal growth and viability loss.

Seed Storage Categories

Researchers have divided seeds broadly into 3 major
groups on the basis of their storage behaviour. The
following descriptions give the general basis for each
type; more accurate definitions are presented in Chapter
3 (pages 60-61).

Orthodox seeds

This category includes seeds that can be dried to low
moisture contents (about 5%) without serious
deleterious effects. Under optimal conditions, the life
span of this group of seeds can be extended for decades
or longer.

Recalcitrant seeds

This group of seeds differs from orthodox seeds in two
ways; their seeds die if they are dried below relatively
high moisture contents (values are given for lowest-safe
moisture contents in Chapter 3, page 62) and if they are
subject to damage at low temperatures (< 16°C). Even
under optimal conditions survival of seeds in this group
is limited. The difficulties in storing the seed led to their
being described as ‘recalcitrant’.

Intermediate (OLDA) seeds

A third category of seed storage physiology has been
recently defined. In practice, the seeds in this group have
desiccation characteristics that are intermediate between
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those of the orthodox and recalcitrant seeds and they
have thus been termed ‘intermediate’. When harvested
in the usual way, seeds of this type can be dried to
moisture levels of about 8-12% whilst retaining a
substantial amount of (but not all) their original viability.
There is also a greater susceptibility to chilling and
freezing damage than is the case with orthodox seed, even
when the seeds are relatively dry.

When this type of seed was first studied in detail, its
physiological similarity to orthodox seeds led to the
description ‘orthodox with limited desiccation ability’
(OLDA). However, employing the term ‘intermediate’
to indicate a practical difference from orthodox seeds
is useful. This matter is further discussed in the Seed
Physiology chapter.

Tropical Forest Tree Seeds

Tompsett (1994) has estimated that 72% of tree species
found in the tropics may bear ‘recalcitrant’ seeds.
Recalcitrant seeds are shed from the mother plant with
very high moisture contents (about 40-60% on a wet
weight basis) and germinate soon after shedding. Whilst
recalcitrant dipterocarp species provide real problems,
those of the OLDA type are more amenable, as described
above. Tompsett (1994) found that, in the case of
dipterocarp species, 94% of those examined possessed
recalcitrant seed.

Seed Ontogeny

Ontogeny covers development from floral initiation
through growth and differentiation to maturity of the
seed. To date, very little work has been published on the
ontogeny of dipterocarp species; Owens ef al. (1991)
presented a generalised, basic development diagram
which may relate to certain species of the dry forest in
Thailand.

Phenology

Phenology, in a broad sense, refers to the relationship
between changes in seasons and climate and to the
phenomena of leaf and bud formation, leaf fall, floral
anthesis, fruit set and ripening. In the aseasonal
dipterocarp forests from south Asia to Malesia
phenological observations are an essential part of the
strategy for seed procurement of dipterocarps, owing to
the irregularity of their flowering and fruiting patterns.
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Table 1. Likely periods for flowering and seed production of important Dryobalanops, Dipterocarpus, Shorea, and Anisoptera

species (Krishnapillay, unpublished).

Species Months Frequency
J F M A M J J A s O
Dryobalanops aromatica X X X X XX XX XXX biennial
Dryobalanops oblongifolia X X X X X X X X X X biennial
Shorea leprosula XX XX XXX 3-4 years
Shorea parvifolia XX XX XXX 3-4 years
Dipterocarpus baudii XX XX XXX annual
Dipterocarpus costulatus X X X X X X X 4-5 years
Anisoptera scaphula X X X X 4-5 years
Anisoptera laevis X X X X 4-5 years
Dipterocarpus kerrii X X X X 4-5 years
Shorea macrophyilla X X X X X X X X X X X X annual
Shorea macroptera X X X X X 3-4 years
Shorea ovalis XX XX XXX 3-4 years
Shorea platyclados X X X X X 3-4 years
Shorea acuminata XX X X XXX 2-3 years
Shorea bracteolata XX X X XXX 2-3 years
Shorea curtisii XXX X X 3-4 years

Over the last 25 years various authors have reported
detailed phenological records. Studies include those of
Burgess (1972), Cockburn (1975) and Ng (1981, 1984)
for the Malaysian aseasonal forest, and Sukwong et al.
(1975) for the dry forest of Thailand. In Table 1, there is
a general summary for the important timber species of
Peninsular Malaysia.

The infrequency and irregularity of dipterocarp
flowering and fruiting in the aseasonal areas have already
been referred to above. A further feature is that flowering
tends to be gregarious and may be limited or may extend
throughout an entire region.

Flower and seed surveys indicate:

1. whether flowering is scattered and confined to
particular species or whether it is a mast flowering;

2. whether the amount of seeds available is sufficient to
meet seed collection requirements;

3. whether the crop is sound or has been attacked by
pests or insects; and

4. the time when the seeds will mature.

The natural trigger for mast flowering and fruiting
among dipterocarps has been sought by looking for
associations with several factors. Foxworthy (1932) and

many others suggested an association between flowering
and strong droughts but Wood (1956) disputed the
conclusion. Ng (1981) suggested that a dry spell
preceding leaf flush accompanied by a rising gradient of
daily sunshine induces flowering. Again, Ashton et al.
(1988) proposed that the environmental trigger is a
protracted low night temperature over a period of about
3-4 days. However, experimental evidence is required
to establish cause and effect. The matter is further
discussed in the Seed Physiology chapter.

Seed Procurement

Current research on artificial regeneration has been
reviewed by Mok (1994), whilst Barnard (1950) and
Appanah and Weinland (1993) outline some procedures
that have been used to procure dipterocarp seeds for
planting programmes. A more detailed procurement
procedure is needed. At present, most methods involve
collection of seeds on an ad hoc basis or the collection
of wildings. Seed procurement should involve planning,
collection, transporting, processing, testing, temporary
storage and nursery facilities. A general description of
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the basic activities involved in seed procurement is given
below. If a large collection region is monitored, some
seeding may be found every year; in practice, however,
logistical and other problems make annual collection from
aseasonal regions difficult.

Planning

When trees start fruiting, procurement planning has to
be initiated immediately so that good-quality planting
material can be obtained. The period between collection
and storage or sowing should be as short as possible to
reduce the chance of seed deterioration. Transport and
processing should be carefully planned and, when
necessary, the nursery advised so that germination space
is available.

Collection

The choice of collection technique for forest tree seed is

dependent on many factors, including the way the tree

disperses its seeds or fruits. For recalcitrant-seeded

dipterocarp species collecting seeds directly from the tree

crown by climbing has several advantages. These are:

a) mature seeds can be selectively collected;

b) seed from each mother tree can be kept separate when
the need arises;

c) potential losses to insect and animal interference can
be minimised; and

d) damage incurred after falling onto the ground, such
as that resulting from desiccation and ageing, can be
limited.

Generally, collections of seeds should be made from
healthy trees that have good shape and form, avoiding
trees that are obviously diseased. Inclusion of immature
seeds and seeds that have been lying on the ground for
some time should be minimised. Various methods of
collection used by the seed collection team at the Forest
Research Institute Malaysia (FRIM) are described below
along with their advantages and limitations. The methods
can be divided into two main types. Firstly, those that do
not involve climbing, the overall operation being confined
to the ground (Methods 1-3). Secondly, those involving
an element of tree climbing (Methods 4-5).

Factors to be considered for harvesting in the
aseasonal zones are given in the summary at the end of
the chapter.

1. Ground collection
Ground collection does not require employment of staff
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possessing both tree climbing skills and the ability to

collect seed efficiently; the cost is thus reduced.

Nevertheless, this method necessitates good preparation:

trees must be selected and marked; and all vegetation,

debris and old or premature seeds below the trees must

be cleared. Proper supervision of collection is also

necessary. The limitations of this method are:

a) seed collection is protracted;

b) collections have to be made daily until most of the
seeds have fallen;

¢) there is competition with mammals, birds and insects;

d) fungal problems, seed deterioration and premature
germination are encountered; and

e) ground cover surrounding the tree is destroyed.

2. Collection using nets or canvas

With this method, nets or canvas are laid under the tree.
This procedure is desirable in that undergrowth is not
destroyed. The limitations of this method are:

a) it is not suitable under dense undergrowth; and

b) daily collections of fallen seeds need to be made.

3. Shaking of seed-bearing branches

This method is referred to as the ‘fishing line’ method. A

local home-made catapult is used to shoot a single-

filament fishing line, attached to a lead weight, over

smaller branches of the tree from which seed is to be

collected. A polythene rope is then pulled over the branch

and back down to the ground using the fishing line; the

rope is then pulled vigorously to shake down the seeds.

The method is suitable for small trees and for those

standing in the open. The limitations of this method are:

a) it cannot be used with very tall trees, which may be
the ones possessing the best genotypes;

b) a clear view of the terminal branches is required for
the lead weight to be aimed accurately;

c¢) it usually requires several attempts before the line is
satisfactorily positioned on the right branch; and

d) the lead weight and line are not fully controllable and
minor injuries may sometimes be experienced by the
operator.

4. Free climbing

This method is employed by professional tree climbers.
It involves the use of a neighbouring smaller tree for the
initial ascent, after which the climber crosses to the main
seed tree at a height where the bole is small enough to
hold safely and ascend the tree. The climber cuts off and
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drops down small branches bearing the seeds. The

limitations of this method are:

a) asuitable smaller proximal tree (or group of trees) is
required;

b) it is very strenuous and time consuming which limits
the number of trees that can be worked on per day;
and

¢) it is dangerous.

5. Methods of climbing using equipment

With the following three methods climbing gear is used
to gain access to the canopy making the overall procedures
much safer.

a) Tree bicycle

Trees can be climbed without causing serious damage to
the tree trunk. The equipment consists of two unequally
long bearing pieces with rests for the feet. Flexible steel
bands are positioned around the tree trunk at the far end
of the bearing pieces,. By a bicycling motion the tree
climber ascends the tree moving the steel bands upwards
parallel to the tree axis. During this procedure the climber
wears a security belt with ropes fastened around the tree.
The equipment offers a comfortable and safe basis for
standing during working in the crown. This method is
not suitable, however, for trees that have branches on the
bole. Also, use is limited to those trees having a girth that
can be easily encircled by the fastening ropes.

b) Climbing using spurs

With this method the climber uses a pair of spurs fastened
under his shoes in addition to the security belt and
fastening ropes which were mentioned above for the
bicycle method. The climber uses the spurs by pricking
its spikes into the tree bark to secure a foothold for every
upward movement. The holes made by the climbing spurs
are vulnerable to fungal, viral and bacterial attack, a
problem which is aggravated if trees are often climbed in
this way. It is thus advisable that, if this method is
employed, an interval of at least a year should be allowed
before a further collection is made; healing of the
damaged parts on the trunk can then occur. As is the case
for the tree bicycle method, the circumference must not
be too large.

¢) ‘Roping up’ method
In this method a line is shot up into the crown over two
or more strong branches. The climbing rope is then drawn
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up over the branches and, on return to ground level, the
free end is fastened at the base of the trunk. The climber
then uses the rope to pull himself up using a shoemore.
This method can be used whatever the girth of the trunk
and does not damage the tree.

A combination of elements from different methods
may be necessary; for example, it may be desirable to
combine the laying-nets as in Method 2 with the shaking
element of Method 3.

Seed Transportation

The length of time between collection of moist
dipterocarp seed and its arrival at the seed centre is
crucial in determining viability. Transport should be
carefully planned to minimise delay; staff in the nursery
or seed store should be advised of the schedule so that
seed can be handled immediately on receipt.

Methods for transport of OLDA seeds collected in
the dry condition are given in the summary at the end of
the chapter. The following points are relevant in relation
to the transport of moist dipterocarp seeds.

Ventilation and Moisture Content

Moist dipterocarp seeds respire intensively and so require
good ventilation. If large quantities are closely packed,
the seeds become anaerobic, physiological breakdown
takes place, fungal growth takes hold and overheating
occurs; these changes accelerate deterioration of the seed.
Recalcitrant-seeded species will deteriorate rapidly if their
moisture content is reduced significantly; ventilation must
be provided, but without drying the seed.

If plastic bags are used to contain the seeds, their tops
should either be left open and folded over or they should
be tied and small holes made in their sides. Hessian or
jute bags with a loose weave are also suitable for transport.
Desiccation is more likely to occur if transport is in open
vehicles; air movement may accelerate the process.

Temperature

Temperatures below 16°C or above 32°C should be
strictly avoided for moist, recalcitrant seeds. Good
ventilation reduces heat build-up from respiration. Seeds
should be shaded from direct sunlight at all times during
transport.

Long Journeys
Efforts must be made to dispatch the seeds to their
destination within two days of collection. If seeds begin
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Table 2. Seed (fruit) weight and size indicators at harvest (Tompsett and Kemp 1996a, b).
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Species Mean seeds per kilo  Mean length (mm)  Mean width (mm)
Shorea pinanga 30 59 32
Shorea macrophylla 33 n/a n/a
Dipterocarpus grandiflorus 50 58 38
Shorea amplexicaulis 64 46 26
Dipterocarpus kunstleri 80 55 43
Dipterocarpus humeratus 90 35 29
Dipterocarpus obtusifolius 90 20 19
Dryobalanops keithii 100 n/a n/a
Dipterocarpus cornutus 110 29 28
Dipterocarpus caudatus ssp. penangianus 120 26 23
Dipterocarpus zeylanicus 120 36 23
Dryobalanops lanceolata 120 26 23
Shorea palembanica 140 n/a n/a
Shorea beccariana 160 36 24
Shorea fallax 160 n/a n/a
Stemonoporus canaliculatus 160 n/a n/a
Dipterocarpus turbinatus 170 30 20
Parashorea tomentella 180 30 20
Dipterocarpus chartaceus 200 28 22
Shorea smithiana 200 29 17
Anisoptera megistocarpa 220 27 20
Dipterocarpus tuberculatus 230 27 23
Shorea almon 270 n/a n/a
Dipterocarpus alatus 360 38 30
Shorea ferruginea 440 26 13
Parashorea malaanonan 540 15 14
Shorea robusta 588 n/a n/a
Shorea trapezifolia 670 16 9
Shorea siamensis 680 26 16
Dipterocarpus tuberculatus var. grandifolius 690 n/a n/a
Dipterocarpus costatus 760 n/a n/a
Dipterocarpus gracilis 790 15 13
Shorea ovalis 790 17 11
Shorea gibbosa 930 n/a n/a
Parashorea smythiesii 940 17 11
Shorea argentifolia 1100 n/a n/a
Shorea macroptera 1100 19 10
Shorea roxburghii 1195 16 8
Anisoptera costata 1200 11 11
Dipterocarpus intricatus x tuberculatus 1200 24 17
Shorea congestiflora 1300 19 8
Shorea parvifolia 1300 17 10
Shorea selanica 1300 n/a n/a
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Table 2. (continued) Seed (fruit) weight and size indicators at harvest.

Species Mean seeds per kilo  Mean length (mm)  Mean width (mm)
Dryobalanops rappa 1400 17 9
Shorea faguetiana 1400 n/a n/a
Shorea laevis 1600 14 9
Anisoptera marginata 1800 10 10
Shorea leprosula 1800 16 10
Shorea affinis 1900 n/a n/a
Shorea leptoderma 1900 n/a n/a
Shorea ovata 1900 n/a n/a
Dipterocarpus intricatus 2800 20 17
Cotylelobium burckii 2900 10 10
Cotylelobium melanoxylon 2900 9 8
Shorea obtusa 2900 n/a n/a
Hopea dryobalanoides 4000 10 7
Vatica odorata ssp. odorata 4000 8 7
Hopea parviflora 4100 7 6
Shorea guiso 4200 11 6
Hopea odorata 5300 8 6
Hopea foxworthyi 5500 8 5
Hopea ferrea 5800 n/a n/a
Hopea mengerawan 6300 10 4
Hopea nigra 9000 8 5
Vatica mangachapoi 17000 5 5
Monotes kerstingii* 45000 n/a n/a

*. Assessment refers to seeds inside the fruit.

to germinate they can be saved by storing in rigid
containers lined with moist newspaper or other absorbent
materials to keep them moist during transit.

Size Considerations

There is a large range in sizes of dipterocarp seeds (Table
2) which implies that different handling procedures may
be needed for moist seed of particular size ranges. For
example, smaller seeds (< 2 g) would benefit from the
inclusion of packing material to increase the size of air
spaces between the seeds. Crumpled newspapers and
polystyrene chips have been used for this purpose.

Seed Processing

The fruit of dipterocarp species, which is the unit
employed for handling, is generally referred to as the
‘seed’. Removal of calyx lobes (‘wings’) by manual
abscission is carried out for all physiology types. This
enables easier sowing and better contact of the seeds with
the soil.

Factors which should be considered in the drying of
OLDA seeds for storage are described in the summary
at the end of the chapter.

Insect infestation can be a major problem in the
handling of seed, especially in the genus Dipterocarpus
(Table 3, Prasad and Jalil 1987, Eungwijarnpanya and
Hedlin 1984); sometimes 100% of individual seedlots are
rendered useless. Methods to reduce this problem are
required and would be best supported by studies on insect
behaviour. Some studies have already been carried out
on recalcitrant material of the rain forest (Toy et al.
1992, Toy and Toy 1992); extension of such studies to
include seasonal-climate species would be advantageous.
Further discussion of infestation problems can be found
in Chapter 7.

Methods for Storage of Dipterocarp
Seeds

In the past half century, various methods of storage have
been proposed for recalcitrant dipterocarp seeds and,
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Table 3. Mean insect infestation statistics for species re-
ceived at Kew (Tompsett and Kemp 1996a, b).

Genus Mean Number of Number of
percent species species

infestation examined infested

Dipterocarpus 35 10 10

Shorea 16 18 12

Hopea 8

Parashorea

Dryobalanops 1

more recently, species with OLDA seeds have been
considered. Successful long-term storage has been
achieved in the case of some OLDA species.

In the case of recalcitrant seeds, some methods
currently available are useful to ensure the survival of
seed material during extended field collection trips, for
planting and for storage in the short to medium term.
However, the methods cannot ensure a continuous supply
of planting materials throughout the long periods when
mother trees are not fruiting.

Work on dipterocarp seed storage is reviewed in the
Seed Physiology chapter but some practical storage
methods are briefly discussed.

Imbibed Storage in Media such as Sawdust,
Perlite and Vermiculite

Storage of recalcitrant dipterocarp seeds in sawdust,
ground charcoal, perlite and vermiculite has been
employed to maintain high moisture content. This is the
most commonly used method for prolonging recalcitrant-
seed viability. With care, seeds can be kept viable in this
way for several months. Table 4 shows some of the work
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carried out on imbibed storage but the limitations of the

method are:

a) a proportion of the seeds may germinate due to the
high moisture content under these conditions; and

b) in many cases, because of the difficulties in
controlling aeration and moisture content, necrosis
may occur and microbial infection may set in; seed
viability is then severely affected.

Storage in Airtight Containers
Dry seeds of the OLDA type have been successfully
stored in airtight containers. For example, Dipterocarpus
intricatus has been retained for 2829 days with no loss
of viability observed (Tompsett and Kemp 1996a, b).
Storage under a partial vacuum has been attempted
for seeds of the recalcitrant species Shorea robusta at
15°C (Khare et al. 1987); 54% viability after a period
of'49 days in storage was reported, beyond which further
storage resulted in the death of most of the seeds.
Unfortunately, moisture content was not measured during
storage so the extent to which this factor contributed to
viability loss is unknown. Seed storage in airtight
containers is not appropriate for recalcitrant-seeded
species as it leads to an increasing depletion of oxygen
in the containers, associated with progressive loss of
viability.

Storage in Inflated Bags with Different Gaseous
Environments

Sasaki (1980), working on recalcitrant-seeded
dipterocarps of Malaysia, reported that ventilation with
ambient air was essential for dipterocarp seeds to
preserve viability. For example, he found that the viability
of S. roxburghii (syn. S. talura) seed could be prolonged
to seven months with adequate ventilation.

Table 4. Examples of optimum recorded storage in various media for imbibed seed of recalcitrant-seeded Shorea,

Hopea and Parashorea species.

Species Source Optimum storage recorded Medium
Days Temp. Germination MC
(0 (%) (%)
Shorea platyclados Tang (1971) 20 16 64 27 Vermiculite
Hopea ferrea Tompsett (1992) 300 16 40 30-50  Mainly perlite
Parashorea smythiesii  Tompsett (1992) 317 18 46 45 Perlite
Shorea fallax Tompsett (1992) 50 21 50 40 Sawdust

MC: moisture content.
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Most, but not all, studies concerning the effects on
viability of gases other than ambient air have been carried
out under poorly controlled conditions. In most cases
inflated polythene bags were used so that the gas under
test was liable to mixing over time with ambient air and,
in addition, respiration of seeds inside the bag altered
the gas environment.

Various gaseous environments have been assessed.
Song et al. (1984) was able to maintain 80% viability of
Hopea hainanensis seeds for up to 365 days by
maintaining oxygen levels above 10%. On the other hand,
Yap (1981) was able to store seeds of D. oblongifolius
in bags filled with nitrogen and reported a 60%
germination after a period of 60 days. However,
Tompsett (1983) reported a stepwise decrease in
longevity of the seed as oxygen was lowered
progressively from 10% to zero per cent for the
recalcitrant seed of the tropical tree species Araucaria
hunsteinii (Araucariaceae). Carefully controlled
conditions were employed; a continuous flow of the gas
under test was supplied to the seed at the correct relative
humidity. This study also highlighted two further points.
Firstly, increased concentrations of carbon dioxide and
ethylene had no beneficial effects (Araucaria
hunsteinii; Tompsett 1983) and, secondly, oxygen levels
above 21% did not enhance storage life (D. turbinatus,
Tompsett, unpublished). There appear to be no reports
that altering the gaseous environment from that of
ambient air can increase longevity for recalcitrant seeds.

Storage Using Germination Inhibitors

An alternative method to prevent germination during
storage is by incorporating germination inhibitors into
the storage system. Substances that have been used are
polyethylene glycol (PEG), sucrose, sodium chloride
and abscisic acid (ABA). Goldbach (1979) reported that
by treating seeds of Meliococcus (Sapindaceae) and
Eugenia (Myrtaceae) with 10 molar ABA solution at
15°C it was possible to store seeds for four to six months
with at least 89% final viability. This general approach
for recalcitrant seed storage has subsequently not been
confirmed as successful; a problem encountered with
the ABA method is the speedy germination of seed during
storage.

Fungicide Treatment Followed by Partial Desiccation
and Storage at Controlled Temperatures

Partial desiccation was proposed as a favourable
approach by King and Roberts (1979). Furthermore,
several researchers have mixed fungicide with stored
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seeds to protect against fungal growth. However, few have
conducted controlled experiments to test the effects of
applying combinations of fungicide treatments with
partial desiccation treatments. Nevertheless, Hor (1984)
treated cacao seeds with a 0.2% benlate/thiram mixture,
partially desiccated the seeds by air drying and then stored
them loosely packed in polythene bags at 21-24°C. The
viability of the seeds in his study was prolonged from
one week to about 24 weeks with a final 50% germination.
This approach needs to be further assessed with the factors
separately examined.

Partial Desiccation without Fungicide
Maury-Lechon et al. (1981) reported partial drying of
dipterocarp seeds but did not use fungicides. From their
results they recommended drying seeds to half the original
moisture content. This latter procedure prevents
pre-germination in storage. However, as their experiments
did not include undried controls, the overall benefit was
not established.

Storage at Harvest Moisture Content without
Fungicide Application or Partial Desiccation
The examples cited from Tompsett (1992) in Table 4
were not subjected to partial desiccation and were not
combined with fungicide. Further examples are given in
the Seed Physiology chapter and show a total of 13
species capable of storage for longer than 100 days.
The pre-germination problem associated with the
storage of moist seed is illustrated by results for S.
roxburghii; seeds of this species stored at 16°C with
approximately 40% moisture content had about 50% pre-
germination after 44 weeks of storage (Tompsett 1985).
However, provided desiccation and mechanical damage
to the radicle are avoided, viable seedlings can still be
produced by a high proportion of the pre-germinated
seeds.

Research on Seedling Storage and
Cryopreservation

Despite the improvements in short to medium-term
storage, it is not feasible to store recalcitrant dipterocarp
seeds in the longer term. Complementary methods are
being sought to ensure a continuous supply of planting
material. Two approaches have been attempted at FRIM
in unpublished work of Sasaki and of Krishnapillay; these
comprise seedling storage and cryopreservation of seed
materials.
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Seedling storage under low light conditions

It is well established that dipterocarp seedlings usually
have high survival and slow growth rates over periods of
several months when grown under low intensity light.
Many studies, including those of Brown and Whitmore
(1992) and Press ef al. (1996), report this phenomenon.
The idea of using this phenomenon for the storage of
recalcitrant-seeded species was first clearly proposed by
Hawkes (1980).

The two methods outlined below, have been tested at
FRIM: (i) storage of seedlings in a seedling chamber;
and (ii) storage of seedlings on the forest floor under
subdued-light conditions.

Seedling chamber storage

With this method, freshly collected seeds were surface
treated with a fungicide (0.1% benlate/thiram mixture)
and allowed to germinate under ambient conditions in
containers kept at high humidity with moistened tissue
paper. After radicle emergence, germinated seeds were
packed loosely in polythene bags, trays or boxes lined
with moist tissue paper and stored in a specially
constructed seedling chamber in which temperature,
humidity and light were controlled. The temperature was
16°C, the relative humidity was 80% and the photoperiod
was 4 hours. Light was supplied from a fluorescent source,
giving 80-1000 lux. Development of the germinated seeds
into seedlings occurred slowly in the chamber. Seventeen
dipterocarp species have been tested (Krishnapillay,
unpublished); these species, with the periods they have
been stored, are listed in Table 5.

Seedlings developed slowly in the chamber, barely
attaining the heights 0f20-25 cm over the storage periods
tested. Seedlings which were transferred to the nursery
and grown in polythene bags needed to be weaned in at
least 70% shade for a period of 2-3 weeks before they
could be placed under direct sunlight. Survival percentage
was between 60 and 80%, dependent on the species.

Forest Floor
The second approach for storage of seedlings is on the
forest floor under subdued light. Areas were cleared of
undergrowth and freshly collected seeds were sown.
Seedlings developed very slowly and so can remain within
manageable heights for long periods of time.

Seedlings of Hopea odorata did not grow to a height
greater than 10 cm under these conditions over a period
of three years. Seedlings transferred to the nursery and
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Table 5. Storage periods for Hopea, Dipterocarpus,
Shorea and Dryobalanops species in a subdued-light
chamber (Krishnapillay, unpublished).

Species Period of storage
(months)

Hopea odorata 9-12
Hopea helferi 9
Dipterocarpus cornutus 6
Shorea macrophylla 4
Shorea leprosula 6-9
Shorea acuminata 8
Shorea longisperma 6
Shorea parvifolia 8-9
Shorea ovalis 8-9
Shorea curtisii 8-9
Shorea platyclados 8-9
Shorea bracteolata 6
Shorea macroptera 6
Shorea maxwelliana 4
Shorea pauciflora 6
Dryobalanops aromatica 5
Dryobalanops oblongifolia 4

grown in polythene bags began to increase in size rapidly.
Weaning in 70% shade for 2 weeks before transfer to
direct sunlight was, however, necessary. Survival was
approximately 80-90%, depending on species. Eight
species have been tested.

The constraints with this method are as follows. In
the early stages after sowing, unprotected seeds are likely
to be predated by squirrels, birds and wild boars. Fencing
the area with barbed wire and covering the seed bed with
a plastic sheet is thus necessary. The plastic sheet can be
removed when the seedlings have emerged when damage
by birds and squirrels is unlikely.

Cryopreservation of dipterocarp seed material
Cryopreservation generally refers to the preservation of
material at -196°C, which is the temperature of liquid
nitrogen (LN). The method is being examined at FRIM
for the storage of dipterocarp seed material. At this
temperature, all metabolically related sources of
deterioration in the seed are greatly reduced or stopped,
thus supporting preservation for very long periods. Work
of this type has been carried out on some
recalcitrant-seeded tree species of temperate climates
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(Pence 1992). In addition, material from the recalcitrant
seed of the tropical forest tree Araucaria hunsteinii can
be cryopreserved; storage of species for four years at
-20°C has been achieved, viability being measured in
terms of callus production (Pritchard et al. 1995).
Growth occurred from the radicle end of the embryo axis.

Some results achieved by Krishnapillay and
colleagues (unpublished) are described. Studies were
conducted on the recalcitrant-seeded dipterocarp species
Hopea odorata and Dryobalanops aromatica. Embryos
were first subjected to cryoprotection treatment using
sucrose and dimethyl sulphoxide; following this, the
embryos were partially dried to a moisture content near
14-15%. The temperature of the material was then taken
to -30°C at the rate of 1°C per minute, finally being
reduced to -196°C by plunging into LN. After one week
the embryo axes were removed, thawed at 40°C and
evaluated for survival. About 5% showed signs of
swelling and/or the emergence of growth initials. These
post-thawing changes were observed in the epicotylar
region; no development was observed in the radicle region
and none of the embryonic axes were able to grow into
whole plants. Improvements to the protocol are being
sought. A total of 50 excised embryo axes were used in 5
replicates for each study and for each species.

Cryopreservation has also been used for whole seeds
of Dipterocarpus alatus and D. intricatus (Krishnapillay
and Marzalina, unpublished). However, these species are
basically orthodox in storage physiology (Tompsett
1987). Cryopreservation is not recommended for species
of'this storage physiology type because of the comparative
practical benefits of using conventional seedbank storage
at -20°C (Pritchard 1995).

The greatest proven uses of this approach have been
with small pieces of tissue. Complete success in the
production of entire seedlings after freezing of tissues
may require the development of in vitro culture methods
(see Chapter 3). In addition, nursery techniques for
weaning the developed plantlets are required.
Considerable investment of research time and resources
may thus be needed to assess if the method can be useful
in practice for recalcitrant-seeded material.

Summary of Seed Handling Methods

For South and Southeast Asian Dipterocarpaceae, the
following current seed handling recommendations have
been made (Tompsett and Kemp 1996a, b).

&3

Collection Recommendations

Check a small sample of seeds before collecting, since
insect infestation may be excessive. Collect seeds from
the tree when the wings are turning from green to brown.
Collection is best accomplished by shaking or plucking
branches; a climber may be needed where branches are
inaccessible from the ground. Plan the collection to
minimise the period of time (preferably a maximum of
three days) between harvest and either nursery sowing or
short-term storage at the seed centre.

Transport Recommendations
Recalcitrant and OLDA seeds are considered separately.

Recalcitrant seeds should be transported moist and in
ventilated containers; they should be kept as cool as
possible but not below 18°C. If the wings are left intact,
a reservoir of air is created which provides oxygen for
respiration. This method reduces both the imbibition of
moisture in the container and the accumulation of heat
produced by respiration, thereby limiting the chance of
germination during transport. Possible containers include
open, folded-over polythene bags, closed polythene bags
with small ventilation holes, and open-weave sacks.
Where greater rigidity is required, the bags or sacks should
be enclosed in cardboard or wooden boxes with
ventilation holes. Care should be taken to avoid over-
heating by exposure of the containers to direct sunlight.
Additionally, seed should be retained above its lowest-safe
moisture content

For species with OLDA storage physiology seeds,
collections may sometimes need to be made from the
ground with moisture contents at or below 12%. Dry seed
of this type should be transported as follows. For use in
the short-term, transport the seed at a cool temperature
above 2°C; for use in the long term, transport material at
as low a temperature as possible, but not below -20°C.
Retain the dry seed in sealed containers during transport.
For moist OLDA seed, follow the methods described for
transport of recalcitrant seed.

Processing Recommendations
Remove wings for ease of handling and to reduce storage
bulk for all species.

Other processing applies to OLDA species. Seeds of
this type will dry well in 20°C or higher with a low relative
humidity. Material should be transferred to the appropriate
storage conditions as soon as the desired moisture content
is reached. Retaining seeds in a monolayer in a flow of
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air will ensure rapid drying, thereby reducing the risk of
seed ageing. Careful removal of the calyx can further
reduce bulk for dry storage. However, this procedure is
time consuming and may only be economic for longer-
term (conservation) storage.

Storage Recommendations

Procedures are recommended separately for small and

large quantities of recalcitrant seeds and for OLDA

seeds.

For larger quantities of recalcitrant seeds, material
should be kept at near the harvest moisture content and
in media such as sawdust and perlite. Seed moisture
content should be checked at the start and then
periodically during storage; any wide fluctuations
observed should be counteracted by increasing or
decreasing the moisture content of the medium. This
careful moisture content monitoring and management
can reduce the rate of pre-germination. Excess moisture
in the medium causes the seeds to become anoxic, whilst
too little moisture lowers seed moisture content and
leads to desiccation damage. Suitable containers include
open-weave sacks or bags. Storage in a high-humidity
room at 18°C is recommended.

The optimal condition for storage of smaller
quantities of recalcitrant seed is retention within inflated
polythene bags in a 99% relative humidity incubator at
18°C and at a moisture content near that of the seed at
harvest. Polythene bags with rib-channel closure provide
suitable packaging; alternatively, loosely-tied, thin-gauge
polythene bags may be employed. Insertion of a rigid
object helps to maintain an air space. Ventilation at least
weekly is essential; use of air at a high relative humidity
would be desirable for this purpose. Moisture content
should be checked at the start and then periodically
during storage; fluctuations should be counteracted by
increasing or decreasing the relative humidity around the
seed, if possible.

Different handling is required for OLDA species; the
summarised methods for collection, processing and
transport described above must be followed closely if
the three storage methods below are to be effective.

a) Before sowing in the nursery, seed storage of OLDA
species at about 40-50% moisture content is suitable
over very short periods of about fifteen days. Moist
storage avoids the risk of partial loss of viability on
drying. Temperatures employed should be no lower
than 18°C. The seed containers described above in
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relation to recalcitrant species for smaller and larger
seedlots are suitable.

b) In the case of longer-term storage any initial, partial
loss on drying may be outweighed by the improved
final longevity achieved. Storage for conservation is
possible if seed is dried to approximately 12%
moisture content; material should be sealed in
suitable rigid containers (e.g. Kilner jars) and retained
at -20°C. Further relevant information is given in the
summarised processing method above.

¢) For medium-term storage periods (between 2 weeks
and 24 months), OLDA seed should be retained at
2°C with other conditions as prescribed for longer-
term storage.

Germination Recommendations

Remove seed wings prior to sowing in order to ensure
good contact with the germination medium and germinate
at approximately 26 °C -31°C. In the case of dry, de-
coated OLDA seeds (de-coating is recommended for
conservation storage), slow imbibition is essential. This
can be achieved by retaining the material in 100%
humidity for 24 hours before sowing.

Research Priorities

Changes are occurring in relation to reforestation and
afforestation programmes in the regions where
dipterocarps are grown. The emphasis is now on the use
of indigenous species in combination with exotics. It
follows that suitable planting material will be
increasingly in demand. Hence, there is a necessity to
increase research in the areas described below:

1. Optimising methods for the collection, processing,
storage and germination of forest seeds so that seed
storage life is maximised, taking into account the
need for retaining the viability of seeds that germinate
during storage. More detailed suggestions are given
in Chapter 3.

2. When the seed storage physiology is known, other
information is required. In particular, practical
methods for large-scale drying are required in the
case of OLDA species, and methods for the storage
of bulky recalcitrant material need improvement.

3. Identification of seed-predating insects leading to
assessment of their behaviour, especially in the
seasonal zones, is desirable. This would complement
studies undertaken already in the aseasonal areas.
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4. Means to store germinated seeds as seedlings should
be assessed.

Relevant Institutions with their
Strengths and Potential Contributions

A national pattern of involvement in seed handling
activities is given below, using the example of Peninsular
Malaysia. This structure may not apply in other
dipterocarp countries, but elements of it may be relevant.
To carry out the tasks of procuring material for the
planting programmes, there is the need for the close
networking of the particular agencies involved. These can
include the Forest Department of Peninsular Malaysia
(FD), FRIM, and the Malaysian Timber Council (MTC).
Other relevant agencies are the Agricultural University
of Malaysia (UPM), the ASEAN Forest Tree Seed Centre
(AFTSC) and the private sector.

Institutions with involvement in dipterocarp seed
research in other countries are referred to in the Seed
Physiology chapter.

Forest Department of Peninsular Malaysia

The FD consists of the Headquarters in Kuala Lumpur

and 10 State Forest Departments located throughout the

territory. The headquarters is responsible for planning,
operational studies and development of the forestry
sector as well as provision of technical advice and
services and the provision of training facilities for the
forest industry. The State Forest Departments are
entrusted with the management of the forest in the
respective states.

The role of the Forest Department in the seed and
plant procurement programmes may include:

1. assessing plant demand for the each planting activity;

2. providing areas in the forest for seed collection;

3. providing manpower to be trained in carrying out
phenological studies, monitoring development and
collection of seeds at maturity;

4. allowing upgrade of state nurseries for large-scale
plant production; and

5. providing the manpower for planting and subsequent
maintenance of the planted areas.

Forest Research Institute Malaysia
FRIM is a statutory research body with the mandate to
promote and improve the sustainable development of
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forest resources and their industrial uses through

research, development and application activities.

The purpose of FRIM is to develop appropriate
knowledge and technology for the conservation,
management, development and utilisation of forest
resources. Excellence in scientific research and
development, and technology transfer to the forestry
sector is also pursued.

FRIM is the research arm to the Forest Department;
its role in the seed programme is:

1. providing technical expertise in tree selection, phe-
nological monitoring, and seed collection;

2. seed handling, nursery techniques (including vegeta-
tive propagation techniques), setting up of seed or-
chards, seed testing, and the documentation and cer-
tification of storage details;

3. assisting in the development of a programme for seed
and plant procurement; and

4. making available its international contacts for the
improvement of the seed and plant procurement pro-
gramme.

Malaysian Timber Council
MTC has the mission to promote the development of
timber-based industry and to facilitate trade in timber
within Malaysia. Among the objectives of MTC are to
promote the rehabilitation of degraded forests and to
encourage the reforestation of logged-out areas.
The role MTC can play to enhance the seed
programme is in:
1. becoming an investment arm of the seed and plant
procurement programme; and
2. assuming a role in the rehabilitation of degraded for-
ests on a privatised basis.

Agricultural University Malaysia

The Faculty of Forestry of UPM is responsible for

producing trained manpower in all aspects of the forestry

sector.
The Faculty of Forestry could, as a teaching and

research unit, contribute to the seed programme by:

1. providing scientists trained in the fields of seed and
plant procurement;

2. disseminating research information related to seed
programmes; and

3. providing training (short courses in forestry) to up-
grade the skills of those involved in the seed pro-
gramme.
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ASEAN Forest Tree Seed Centre

This centre in Thailand serves the needs of all ASEAN

countries in relation to forest seed problems common

to all the ASEAN countries.
The AFTSC could assist in the seed programme by:

1. raising funds and acting as host for the training of
seed research personnel;

2. providing relevant technical support through short-
term consultancies; and

3. disseminating knowledge and technology gained in
seed programmes.

Private Sector

The private sector is at present not significantly involved
in the plantation forestry programmes in Peninsular
Malaysia. However, there is interest being expressed
by the large plantation holdings to go into forest
plantation in support of the Malaysian government’s
aspirations to produce timber from sustainably managed
forests.

With its long and successful experience of rubber,
cocoa and oil palm plantation, the private sector could
contribute to the seed programme by:

1. contributing experience in establishing large-scale
plantations of forest species;

2. managing large-scale nurseries; and

3. becoming investors in forest plantations.

Institutes with Resources Relevant to Insect
Research

The central laboratory in the Royal Forest Department
in Thailand has a programme of research on forest tree
insects. In the UK the Natural History Museum (British
Museum) also has resources and relevant experience in
relation to insect research.

Conclusion

In this chapter, current knowledge on handling of
dipterocarp seeds has been outlined and areas indicated
where further work is required. The potential exists to
overcome difficulties in producing planting material,
but the collaboration of several agencies is required. A
suggested framework has been provided for Peninsular
Malaysia. While the individual organisations may not
be entirely the same in other countries, equivalent
groups will need to collaborate to attain the objectives.
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Seedling Ecology of
Mixed-Dipterocarp Forest

M.S. Ashton

Introduction

Successful reproduction depends on the completion of a
sequence of events starting with flower bud initiation and
ending with the establishment of a young seedling (Smith
1986); failure of any single stage in this sequence can
have catastrophic consequences for the regeneration of a
new stand. Several stages of the sequence considered in
this chapter are i) the dispersal of fruits; ii) germination
of seed; iii) early survival; and iv) the establishment of
seedlings. These stages comprise a period of
reorganisation and initiation of a new forest stand after
which composition and structure depends mainly upon
competition and self-thinning. These stages provide an
opportunity in silviculture for promoting the desired
composition and stocking of the future stand. To quote
from Smith (1986) ‘Many of the successes or failures of
silvicultural treatment are preordained during stand
establishment. Physicians bury their worst mistakes but
those of foresters can occupy the landscape in public view
for decades’.

South and southeast Asia boast a rich history of forest
research. The mixed-dipterocarp forest' of this region has
been studied more than any other tropical forest type
primarily because of its importance for producing timber.
This chapter reviews the state of knowledge on the
seedling ecology of regenerating mixed-dipterocarp forest
and suggests future avenues of research. However, it is
not an exhaustive review of the literature and in most
cases cites widely available papers. There is much
information on seedling dipterocarp ecology that remains
unpublished or is only available at local research institutes,
or university and government departments. This
information in its own right deserves documentation,
compilation and synthesis. Also, though this account
concentrates on a review of the literature of the seedling
ecology of dipterocarp species it emphasises the need to
obtain information about the seedling ecology of non-
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dipterocarp species in mixed-dipterocarp forests. Often
silvicultural management of mixed-dipterocarp forests has
concentrated on the regeneration autecology of a few
commercial dipterocarp species without an understanding
of their interaction with other species, and their role in
the successional dynamic of the whole forest. This has
led to a silviculture that has focused on only the current
commercial species and has tended to simplify, and in
many instances degrade, the dynamic and structure of
mixed-dipterocarp forests (Ashton et al. 1993).

Dispersal and Germination

Early studies on mixed-dipterocarp forests were done on
seed phenology and dispersal mechanisms and the
categorisation of tree species by dispersal agent (Ridley
1930). Subsequent work has been done in more detail on
the role of seed dispersal by animals (Medway 1969,
Leighton 1983, unpublished data); and on dipterocarps
in particular (Fox 1972, Kochumen 1978, Dayanandan
et al. 1990). However, these studies are few and much
more long-term phenological information on seed
dispersal needs to be gathered on representative guilds
of species within mixed-dipterocarp forest. Future studies
should also focus on the amount and distribution patterns
of seed dispersed from parent trees and germination. This
will lead to a better understanding of the spacing and
period of time required for the retention of a residual
overstorey to ensure satisfactory stocking of seedlings.
This kind of information is essential for the development
of natural regeneration methods.

! Mixed-dipterocarp forest is defined here as that lowland and hill
rain forest where the Dipterocarpaceae are predominant amongst
the canopy and emergent trees of mature forest. The majority of
tree species are non-dipterocarp. The soils are weathered in situ
and would be classified as belonging to either oxisols or ultisols
(USDA 1975). The climate is warm and humid with high rainfall
that has little seasonality.
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Work has been done on dipterocarp germination
mostly during the 1970s and 80s. Many studies of
dipterocarp species reported them to be recalcitrant
(Jensen 1971, Tang 1971, Tang and Tamari 1973, Tamari
1976). Chapter 3 gives a more detailed review of
dipterocarp germination. Other studies suggested that
many non-dipterocarp species, mostly pioneers, had
dormant seed buried in the soil that germinated with a
marked increase in radiation at the ground surface (Liew
1973, Aminuddin and Ng 1983, Raich and Gong 1990).
However, unlike the neotropics (see work by Vazquez-
Yanes and Orozco Segovia 1984, Garwood 1996), no
critical experiments have focused on this buried seed
phenomenon. Also, relatively few studies have
comprehensively evaluated patterns of germination for
the whole forest in relation to successional status and
taxonomy (Ng 1983). This is perhaps because past
research has focused on the autecology of individual
dipterocarp species. Future work should focus on
clarifying the germination mechanisms of mixed-
dipterocarp forest tree species in general and the role
dipterocarp species play within it. Little work has focused
on the competitive interactions between dipterocarps and
non-dipterocarps and yet they are of direct relevance to
the maintenance of dipterocarps in a managed forest.

Early Survival and Establishment of
Dipterocarps

The main research objective early in this century was to
develop a method for evaluation of regeneration stocking
before logging (Wyatt-Smith 1963). The survey
techniques that developed were usually based on line
transects that assessed stocking by measures of
dipterocarp seedling distribution and number. Surveys
revealed that the abundance of regeneration was
associated with certain dipterocarp species and sites. In
many circumstances regeneration was absent particularly
on the slopes of hill forests and where competing
understorey palms, shrubs and herbs were present
(Burgess 1975, Wong 1981, Kusneti 1992). Though
measures of distribution are important to gauge adequate
and even coverage of seedling establishment within a
stand, measures of seedling number and density do not
necessarily predict successful establishment. A measure
that incorporates an estimate of seedling vigour is needed.
More recent studies have used different size classes and
estimates of leaf area to gauge vigour, promoting survey
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techniques that discard seedlings in the ‘less vigourous
classes’ for a representation of regeneration stocking
(Ashton 1990). These can be useful measures for most
dipterocarp species because they have poor ability to
sprout. Measures of their above-ground performance can
therefore be used to predict future growth and survival.

Studies by Nicholson (1960) and others (Fox 1972,
1973, Liew and Wong 1973, Tomboc and Basada 1978,
Appanah and Manaf 1994) elucidated the cyclic nature
of population recruitment and survival in the groundstorey
of a closed forest and demonstrated the importance of
advanced regeneration in the form of a seedling bank for
the successful establishment of new forest stands.
Conceptual models of the regeneration dynamic have
been developed that explicitly suggest the importance and
reliance of mixed-dipterocarp forest on advance
regeneration (see Fig. 1). This reliance is not only for
dipterocarps but also for late successional canopy trees
that are non masting, subcanopy trees and shrub species.
Forest management should therefore focus on advanced
regeneration of dipterocarp trees and similar associates.
These are the trees that are the canopy dominants during
the mid and late stages of forest succession. They,
therefore, create the basic forest structure beneath which
other strata exist, and reflect the changes in composition
associated with differences in site quality.

Studies have also shown that dipterocarp species
could be broadly categorised as shade-tolerant or light-
demanding based on differences in frequency of
recruitment and rate of seedling death. Shade-tolerant
dipterocarps can have seedlings established beneath
closed canopied forest for long periods of time (> 10
years). Mast years for shade-tolerant dipterocarps can
therefore be fewer than relatively more light-demanding
dipterocarps but still provide adequate advance
regeneration establishment (Wyatt-Smith 1963, Fox 1972,
Gong 1981). In general, however, all dipterocarps have
cohorts of seedlings that continually replenish the seedling
bank from successful mast years. Over time, seedlings
die primarily from the very low light regimes of a closed
forest canopy (Ashton 1995). Groundstorey levels of
photosynthetically active radiation (PAR) beneath the
canopy of a mixed-dipterocarp forest have often been
recorded as less than 1% of that received in the open
(Torquebiau 1988, Ashton 1992a).

Other studies have also suggested the importance of
an increase in amounts of PAR that promotes only partial
shade for dipterocarp germination and early survival



91

Seedling Ecology of Mixed-Dipterocarp Forest

'sdnoub sa10ads |E2160]008 JBYJ0 0} UONE|SJ Ul dueUIwOp Jo aaibap sy} sjussaidal Jeq ay} Jo ypeaiq ay] "soueuiwop Adoued puelg _”_”_”_”_”_”_

‘(@ouequnisip Jaye Buiuado ojul sjewiue Jo puim Ag pasiadsip peas ‘pPass paung) uns |ny JO Suoilpuod uado Japun pajnioal SajlusAN( _H_

'sdnouB se1oads |e0160]008 JBYJ0 0} aAije|as uonesauabal jo Junowe sjuasaidal Jeq ay) Jo yipealq ayl ‘(sieyons
wajs pue jool ‘synosds Buipass ‘sbuipass) uonelsuabal paoueApe Se palapIsSuod pue suonpuod ybil Adoued Jspun paynioas sajiuaAnp

1VYNOISSIOONS ALV TVYNOISS3OONS-dIN IVYNOISS3IOONS ATdV3

} } A A (ejoyohsd ‘esaupsen)

AYO1SH3IANN TVYNOISSIOONS-3LV1

Il B | (cuoies ‘wnjhydoje))
AdONVYO4dNS TYNOISSIOONS-31V1

-
l
—{
>

uoisnjoxa Adoueo uil yead sjewixoiddy

dn-yeaiq Adoue)d Aioyspunosb jo uoneniuj—— %
ainso|o Adoued jo juiod sjewixoiddy

aoueqinisig

FANLVYIN ONIaTng

LN3IWNdOTIAIA ANVLS 40 S3SVHd

ﬁ (esayibuepy ‘snoi4 ‘ounq)
SLINVNINOAQ-NON T¥NOISS3OONS-31V1

(eaioys ‘sdouejeqohig ‘sndiedossidiq)
SLINVNINOQ T¥NOISSIOONS-ALV1

OQOv0o
(eluois|y ‘eiziqry)

3SVHd ONIATINg 40 SY33INOId

¥/ M/ (ewau)] ‘ebueseoey)

JSVHd dVv9 40 S433NOId

"(ez661 uoysy

Jaye payipow) ‘sjueuiwop Adoueo jeuoissaoons-aje| 8y} 0} Buibuojaq saioads 921y 1oy SBuipass J0 Juswiinioal dipolad sy} SJON ‘BWi} JOAO PUE)S 3U} UIy}Im
uolysod [ednyonuys Jiay} Bugousp sapoo yym Buoje dnoub [eo160j02a yoes oy uanib aie saloads Jo sajdwex] jsalo4 diesossidip paxiw e oy Juswdojansp
puejs Jo sabe)s [BuoISSa0oNs Jualayip Jano0 sdnolb sainads [ea160j099 Jo aoueuiwop Adoued puels pue Aosuanbauy Juswiinioal uonelauabay | ainbi4



Seedling Ecology of Mixed-Dipterocarp Forest

(Nicholson 1960, Ng 1978). However, it was shade house
investigations (Mori 1980, Sasaki and Mori 1981, Ashton
and de Zoysa 1989) that clearly demonstrated that most
dipterocarp seedlings require greater amounts of radiation
than that received at the groundstorey of a closed canopy
dipterocarp forest, but less than the amount of radiation
received when exposed to full sun.

Field research on disturbance regimes of mixed-
dipterocarp forest supports evidence from shade house
experiments and studies of seedling population dynamics
in the forest. Natural disturbances documented in mixed-
dipterocarp forest are varied but most are of a kind and
scale that promote the survival and release of an existing
seedling groundstorey. Disturbance types include
lightning strikes (Bruenig 1964), insect defoliation of
canopy trees (Anderson 1964), single and multiple tree
falls (Anderson 1964), and cyclones (Whitmore 1974,
1989). All allow the groundstorey vegetation to remain
largely unharmed. Disturbances in mixed-dipterocarp
forest that have been observed to destroy groundstorey
vegetation include landslides, flooding and fire (Day
1980, Leighton and Wirawan 1986, Tagawa and Wirawan
1988). This might be one reason why dipterocarp
regeneration does not establish well in parts of a forest
landscape subject to lethal disturbance of the groundstorey
such as steep slopes, flood plains and swidden agriculture.
Current investigations focus on refining our
understanding of the regeneration microenvironment of
tree species in mixed-dipterocarp forest. Compared to
other tree species of mixed-dipterocarp forest,
dipterocarps have some general autecological
characteristics that allow for their categorisation in the
same regeneration guild (Table 1). Although dipterocarps
have the same general autecology there are also
differences among them, however, these differences are
small compared to other regeneration groupings.
Important questions are: what degrees of difference exist
and why do they occur among species belonging to the
same congeneric group. The answers are particularly
relevant to understanding dipterocarp dominance in
mixed-dipterocarp forests and will provide the silvical
information for the fundamental treatments imposed on
these forests for management purposes.

One such topic that merits attention is the site
specialisation of dipterocarp regeneration. How site
specific is advanced regeneration of dipterocarp species?
Recent field studies demonstrate that forest gaps of
different size exhibit considerable spatial (Ashton 1992a,
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Table 1. Silvical characteristics of canopy tree species
belonging to genera assemblages (e.g. Shorea) that domi-
nate the mature phase of mixed-dipterocarp forest. These
characteristics should be interpreted broadly as exceptions
will exist (Ashton 1992b).

Reproduction

* Pollination vectors are small insects

(hymenoptera, hemiptera)
* Seed is with storage tissue

* Seed is dispersed by gravity (often aided by
territorial animals such as rodents)

* Fruiting time is more or less supra-annual with
distinctly different amounts of seed at each fruiting
(masting)

* Seed shows no classical dormancy
Establishment and Growth

* Seed requires partial shade protection for
germination and early survival

* Seedlings require an increase in light (as
compared to understorey conditions) for
satisfactory establishment and growth

* Seedling survival and establishment is usually site
specific, according to  particular  biotic,
microclimatic and edaphic characteristics

Brown 1993) and temporal (Raich 1989, Torquebiau
1988) variation in forest groundstorey microclimate.
Changes in size of small canopy openings can greatly
influence the overall amount of radiation received at the
groundstorey of the opening centre (Brown 1993).
However, larger canopy openings provide a greater range
of microclimates at the groundstorey of the opening
(Ashton 1992a). Studies that monitored pre-established
seedlings and new recruits (Raich and Christensen 1989,
Brown and Whitmore 1992) showed that there were
significant differences among dipterocarp species in
survival and growth at these different microsites. Studies
by Ashton et al. (1995) that controlled age and spacing
of dipterocarp seedlings supported these findings.
However, investigations by Turner (1990a, b), who
monitored pre-established seedlings, suggested mixed
results of dipterocarp seedling survival and growth in
relation to light availability at the scale of the microsite.
Studies are now investigating the competitive relationship
between species for regeneration growing space through
the monitoring of long-term self-thinning trials located
on different sites and within different
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microenvrionments and Ashton,
unpublished).

These studies have focused investigations on the
spatial availability of light at the forest groundstorey and
its relationship to seedling survival and growth. Findings
also suggest that the seasonal variation in soil water
availability, scaling up from different groundstorey
microsites to across the landscape (ridge to valley), can
be another factor that affects the survival and growth of
dipterocarps. Ashton (1992a), Brown (1993) and
Palmiotto (1993) observed seasonal periods of water stress
that may play a critical role in determining seedling
composition of canopy gap regeneration. Transplant
experiments suggested soil water availability, related to
topography (slope, ridge, valley etc.), affects the survival
and growth of dipterocarps. The transplant experiments
also suggested seedling survival and growth allocation
was affected by interaction between soil water availability
and radiation. For example, some species showed five-
fold decreases in root mass between seedlings growing
in the understorey of a ridgetop site as compared with
those seedlings in the understorey of a valley site.
Although understorey PAR was comparable between the
two sites the poor root development on the ridge
predisposes these species to drought. Studies by Brown
and Whitmore (1992) and Ashton et al. (1995) suggested
that seedlings of more light demanding dipterocarp
species have larger leaves and that more shade tolerant
species have smaller leaves and are more sensitive to heat
stress. This is contrary to most other literature for example,
Givnish (1988) which has mostly described the sun shade
dichotomy for mature trees that are from temperate forest
regions. There are only a few studies (Ashton and Berlyn
1992, Strauss-Debenedetti and Berlyn 1994) that have
investigated the sun shade dichotomy for seedlings of
the moist tropics.

Other studies are also providing evidence that
dipterocarps are affected by soil characteristics related to
the underlying parent material. Surveys by Baillie et al.
(1987) and Ashton and Hall (1992) suggest both
concentrations of total and available magnesium and
phosphorus to be particularly important in determining
species-site associations. However, no fertiliser studies
of seedlings using field experiments have clearly
demonstrated that these factors affect the establishment
stage of forest development (Turner et al. 1993, Burslem
et al. 1995) although some studies that are in progress
are suggesting differences may occur (Gunatilleke et al.

(Gunatilleke
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1996, Palmiotto, in preparation). In these experiments
different soils are being investigated to understand
nutrient use efficiency of dipterocarp species whose
distribution is restricted to very different levels of soil
fertility. These kinds of studies are beginning to provide
the basis for the development of new silvicultural
regeneration methods and the refinement of currently used
methods. These studies on light, soil moisture and fertility
are providing knowledge for a better mechanistic
understanding of regeneration dynamics of forests. In
some cases they have contradicted previous understanding
of forest dynamic patterns based only on observation and
census methodologies. An example would be the recent
findings that show discrete differences in the site-
specialisation among species of Shorea section Doona.
These species were formerly assumed to be very similar
in their site requirements and therefore their silvicultural
treatments were the same.

In addition, there are many biotic interactions that
can moderate or accentuate patterns in the establishment
of seedlings within the physical environment. For
example, although no studies substantiate this, host
specific ectomycorrhizae could accentuate the differential
exploitation of soil nutrient resources among closely
related assemblages of dipterocarp species. Studies by
Becker (1983) and Smits (1983) suggest that
ectomycorrhizae can play important roles in dipterocarp
seedling establishment and growth. Mycorrhizal infection
was found to be greater for seedlings located in small
clearings than for those seedlings located beneath forest
canopy. These results suggest that seedling regeneration
of dipterocarps will respond more vigourously to
overstorey removal if pre-release treatments create higher
light environments in the understorey. In addition, Lee
and Lim (1989) found that foliar phosphorus contents of
Shorea seedlings growing on either phosphorus deficient
or phosphorus rich soils were the same - indicating a
difference in uptake efficiency that was attributed to
ectomycorrhizae (for more detail see Chapter 6 on
nutrition and root symbiosis).

Herbivory is another biotic effect that has had little
investigation. Becker’s (1981) studies of seedling
populations found less herbivory on the leaves of a late
successional, more shade-tolerant Shorea species as
compared to more light-demanding Shorea species.
However, no studies followed up on this work. More
investigation should be done, particularly on the role of
non dipterocarp tree species in mixed-dipterocrap forest.
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Does the simplification of mixed-dipterocarp forest by
the frequent use of various silvicultural release
treatments (weeding, cleaning, liberation) favour so few
commercial tree species that this may lead to greater
susceptibility to disease and/or herbivory of the forest?
Questions such as these need to be further tested.

Growth in Relation to Physiology and
Structure of Dipterocarps

Recent seedling experiments have focused on separating
the various abiotic and biotic factors that influence
seedling establishment and growth under controlled
conditions. Many studies have been investigating light
and the different effects of light quality, quantity and
duration. These experiments reinforced findings from
the earlier shade house studies but demonstrated that
forest understorey light quality can accentuate the poor
growth and survival of seedlings in deep-shade
conditions (Kamaluddin and Grace 1993, Lee et al.,
unpublished manuscript). Experiments that simulated
quality and intensity of light environments of a rain forest
also demonstrated that Shorea species allocate dry mass
proportions to roots, stems and leaves in different
amounts (Turner 1989, Ashton 1995). These results show
that the more shade-tolerant Shorea species allocate
proportionately more dry mass to root development than
to stem and leaves in forest understorey environments
whereas the reverse is true for more light-demanding
Shorea species.

The process of photosynthesis requires
photosynthetically active radiation, water and carbon
dioxide The adaptations a seedling leaf can make to its
surroundings must accommodate all three. The
relationship among all three factors is so closely linked
that many of the leaf adaptations and adaptation responses
to environmental change are the same. Heat and
desiccation of leaves exposed to the full radiation of the
sun can promote leaves that have similar physiological
and anatomical adaptations as leaves that are drought-
enduring. Leaves that have grown in the shade often
resemble those of drought intolerant leaves. Alhough
much work has been done elucidating differences in leaf
anatomy and morphology between species of different
cladistic or successional groups for other forest regions
(Wylie 1951, 1954, Jackson 1967 a, b, Givnish 1988,
Lee et al. 1990), little has been done that examines these
relationships for mixed-dipterocarp forests. However,
there is some evidence that suggests the same leaf
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anatomical and morphological trends exist for mixed-
dipterocarp forest.

For species belonging to the same cladistic group
or regeneration guild work has been equally negligible
in mixed-dipterocarp forest. In a seedling study of
Shorea by Ashton and Berlyn (1992) data show that
differences in net photosynthesis (P,), transpiration (E),
and stomatal conductivity (g) can be associated with
differences in the anatomy of Shorea species. General
trends indicate that in experimentally controlled
conditions maximum P rate was a good measure of the
light tolerance of Shorea. The shade tolerant species had
maximum P rates at relatively lower light intensity
compared to that of more light demanding species. Ratios
between rates of P and E of species at their maximum
P light intensities can also suggest trends in water-use
efficiency. This can reveal some indication of species
order in relation to drought tolerance in controlled
environments. Differences in physiological attributes
also suggest that the greatest plasticity of response to
differences in availability of light was exhibited by the
most light-demanding species and the least by the most
shade-tolerant. At a regional scale, Mori et al. (1990)
showed similar patterns with dipterocarps. Those from
more seasonal climates having greater rates of P and E,
and higher levels of plasticity than dipterocarps from
aseasonal everwet climates.

An array of anatomical characteristics can, in
combination, partly determine the physiological light and
drought tolerance of Shorea species in relation to their
associates. Patterns suggest stomatal frequency is a
factor differentiating Shorea species, with the most
tolerant having fewer and smaller stomates than the most
intolerant forms. Differences in thickness of the whole
leaf blade and the leaf cuticle among species appear
similarly related to both light and drought tolerance; with
sun loving species having thicker dimensions of both
characters than shade tolerant or demanding species.
These results elucidate some of the relationships between
the distribution patterns of Shorea species across the
topography and their differences in light and drought
tolerance. They also show that an important period
determining site specialisation of a dipterocarp species
occurs during regeneration establishment. Another area
of study related to the anatomy and physiology of
seedlings is tissue chemistry (foliar nutrients, secondary
compounds). Although little work has examined tissue
chemistry, investigations along these lines would tie in
closely with studies on soil fertility, seedling herbivory
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and seedling physiology that have been done at larger
scales or from other disciplinary perspectives.

In summary, much more work has yet to be done
that clarifies relationships among similar or related
species such as the dipterocarps. This work should also
strive to link structure and physiology to seedling growth
and mortality to gain a better mechanistic understanding
of regeneration establishment. Research on seedling
ecology of mixed-dipterocarp forest is substantial
compared to other tropical forest regions. However, our
knowledge of dipterocarp seedling ecology is
fragmented and poor compared to other commercially
important timber families such as Fagaceae (oak,
chestnut, beech) where knowledge is fairly
comprehensive for most Fagaceous forest regions. We
have a long way to go!
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Root Symbiosis
and Nutrition

S.S. Lee

At present dipterocarps are gaining much attention, this
volume being testimony to it. Since large tracts of
dipterocarp forests in tropical Asia have become
overlogged and/or degraded, interest in planting
dipterocarps either in plantations or by underplanting in
poor forests has gained momentum. With this move,
research on mycorrhizas and their association with
dipterocarps has gained a high profile.

Mycorrhizas are the symbiotic association between
specialised root-inhabiting fungi and the roots of living
plants. Harley and Smith (1983) recognise seven
mycorrhizal types but only two, the ectomycorrhizas and
the vesicular-arbuscular mycorrhizas (VAM) (now more
popularly referred to as arbuscular mycorrhizas) occur
in the Dipterocarpaceae. Dipterocarps are predominantly
ectomycorrhizal but a few species have been reported
to form both ectomycorrhizas and VAM (Table 1). Unlike
some members of the Leguminosae, the dipterocarps are
not symbiotic with nitrogen fixing bacteria.

Typical dipterocarp ectomycorrhizas are short,
pyramidal or racemously branched and variously
coloured (e.g. brown, black, white, yellow). A fungal
sheath (mantle) characteristic of the fungal partner
surrounds the host root. Underneath this sheath lie the
often radially elongated epidermal cells between which
are located the hyphae of the Hartig net (Alexander and
Hogberg 1986, Lee 1988). The surface of the sheath may
be smooth but often bears hyphae or hyphal strands which
radiate out into the substrate.

The role of mycorrhizas in increasing the absorptive
efficiency of roots is well known. The growth of
mycorrhizal hyphae into the surrounding soil effectively
shortens the distance over which the slowly diffusible
ions, such as phosphate, must travel before being
absorbed and the association has proven particularly
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beneficial to the host in soils of low available phosphorus
concentrations. Ectomycorrhizas are also seen to play a
role in minimising nutrient losses from the nutrient cycle
through leaching (Read et al. 1989). The production of
a potent acid carboxypeptidase by some ectomycorrhizal
fungi such as Amanita and Boletus (Read 1991) indicates
that these fungi have the potential to mobilise the plant
growth limiting nutrient, nitrogen, from protein. This
implies that such ectomycorrhizal infected trees are no
longer dependent upon the activities of a separate group
of decomposer fungi for the release of nitrogen in the
form of the ammonium ion for plant uptake.
Ectomycorrhizas are also known to be able to increase
the tolerance of trees to drought, high soil temperatures,
organic and inorganic soil toxins, and very low soil pH.
The sheath has been shown to have important storage
functions, not only for phosphorus but also for other
absorbed nutrients and carbon. The sheath also protects
the root from pathogens, and is thought to be able to
reduce water loss and allow rapid rewetting, thus
lengthening root life and thereby increasing mineral
uptake and retention (Janos 1985). It has also been
suggested that the key role of the mycorrhizal symbiosis
under natural conditions is to enable seedling persistence
rather than rapid growth (Abuzinadah and Read 1989).
The presence of ectomycorrhizas in the
Dipterocarpaceae has led to several hypotheses regarding
the role they might play in dipterocarp biology. Ashton
(1982) suggested that the clumped distribution of the
dipterocarps might be reinforced by their
ectomycorrhizal associations as the mycelia persist and
gradually spread with the ever dispersing and coalescing
clumps of the dipterocarp trees themselves. He suggested
that his observation of the association of two different
groups on soils of different soil phosphorus levels could
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Table 1. Dipterocarp species reported to be ectomycorrhizal based on root examination. (Only the first report for the
species in each location is given).

Genera Species Location Vegetation Reference/Source
Anisoptera

A. costata Korth. *(VAM also)  Thailand Dry deciduous forest Aniwat (1987)

A. laevis Ridl. Pen. Malaysia Lowland rainforest Singh (1966)

A. marginata Korth. Kalimantan Lowland rainforest Smits (1987)

A. oblonga Dyer Pen. Malaysia Rainforest Mohd. Noor (1981)

A. scaphula (Roxb.) Pierre " "

A. thurifera (Blco) BI. Luzon Rainforest Zarate et al. (1993)
Cotylelobium

C. malayanum Sloot.

Pen. Malaysia

Dipterocarp arboretum

Hong (1979)

C. scabriusculum Brandis Sri Lanka Lowland rainforest de Alwis & Abeynayake (1980)
Dipterocarpus
D. alatus Roxb. Thailand Semi-evergreen forest Aniwat (1987)

D. baudii Korth. Pen. Malaysia Rainforest Mohd. Noor (1981)

D. chartaceus Sym. Pen. Malaysia Dipterocarp arboretum Hong (1979)

D. confertus Sloot. Kalimantan Lowland rainforest Smits (1992)

D. cornutus Dyer Bimaatmadja in Hadi et al. (1991)

D. costatus Gaertn. f. Thailand Semi-evergreen forest Aniwat (1987)

D. costulatus Sloot. Pen. Malaysia Rainforest Mohd. Noor (1981)

D. elongatus Korth. Kalimantan Lowland rainforest Smits (1992)

D. gracilis BI. " " "

D. grandiflorus (Blco) Blco Smits (1983)

D. hasseltii BI. Smits (1992)

D. hispidus Thw. Sri Lanka Lowland rainforest de Alwis & Abeynayake (1980)

D. humeratus Sloot. Kalimantan " Smits (1992)

D. indicus Bedd. India Wet evergreen forest Alexander & Hogberg (1986)

D. intricatus Dyer. Thailand Dry deciduous forest Aniwat (1987)

D. kunstleri King Sarawak Kerangas Alexander & Hogberg (1986)

D. oblongifolius Bl. Pen. Malaysia Lowland rainforest Singh (1966)

D. obtusifolius Teysm. ex Mig.  Thailand Dry deciduous forest Aniwat (1987)

D. sublamellatus Foxw. " " "

D. tempehes Sloot. Kalimantan Lowland rainforest Smits (1992)

D. tuberculatus Roxb. Thailand Dry deciduous forest Aniwat (1987)

D. verrucosus FOxw. Pen. Malaysia Rainforest Mohd. Noor (1981)

D. zeylanicus Thw. Sri Lanka de Alwis & Abeynayake (1980)
Dryobalanops

D. aromatica Gaertn. f.

Pen. Malaysia

Lowland rainforest

Singh (1966)

" Kalimantan Lowland rainforest Smits (1992)
D. keithii Sym. " " "
D. lanceolata Burck Java Dipterocarp arboretum Nuhamara et al. in Hadi et al.
(1991)
" Sabah Lowland rainforest Unpublished data
" Kalimantan Lowland rainforest Smits (1992)
D. oblongifolia Dyer Pen. Malaysia Dipterocarp arboretum Hong (1979)
D. oocarpa Sloot. Kalimantan Lowland rainforest Bimaatmadja in Hadi et al. (1991)
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Table 1. (continued) Dipterocarp species reported to be ectomycorrhizal based on root examination.

Genera Species Location Vegetation Reference/Source
Hopea
H. bancana (Boerl.) Sloot. Java Dipterocarp arboretum Nuhamara et al. in Hadi et al.
(1991)
H. dryobalanoides Miq. Kalimantan Lowland rainforest Smits (1992)
H. ferrea Laness. Pen. Malaysia Rainforest Mohd. Noor (1981)
" Thailand Semi-evergreen forest Aniwat (1987)

H. ferruginea Parijs
H. iriana Sloot.

H. jucunda Thw.

H. mengerawan Miq.
H. montana Sym.

H. nervosa King

H. nudiformis Thw.
H. odorata Roxb.

H. parvifolia (Warb.) Sloot.
H. plagata (Blco) Vidal
H. sangal Korth.

Marquesia

M. acuminata Gilg.
M. macroura Gilg.

Monotes

M. africanus (Welw.) A.D.C.
M. elegans Gilg.

Neobalanocarpus
(Balanocarpus)

N. heimii (King) Ashton

Parashorea
P. densiflora Sloot. & Sym.
P. lucida (Miqg.) Kurz.
P. malaanonan (Blco) Merr.

Pentacme

P. contorta (Vidal) Merr. & Rolfe
P. siamensis (Mig.) Kurz.

Shorea

S. academia (?)

. acuminata Dyer

. affinis (Thw.) Ashton
. assamica Dyer

S
S
S
S. balangeran (Korth.) Burck

Pen. Malaysia
?

Sri Lanka
Kalimantan
Pen. Malaysia
Sabah
Kalimantan
Java

Pen. Malaysia
Thailand
Java

S. India
Luzon
Kalimantan

Zambia

Zambia
Tanzania

Pen. Malaysia

Pen. Malaysia

Sabah

Philippines
Pen. Malaysia

Kalimantan
Pen. Malaysia
Sri Lanka
Pen. Malaysia
Kalimantan

Lowland rainforest

?

Lowland rainforest
Lowland rainforest
Rainforest

Lowland rainforest
Lowland rainforest
Dipterocarp arboretum
Rainforest
Semi-evergreen forest
Dipterocarp arboretum

Wet evergreen forest
Rainforest
Lowland rainforest

Miombo

Miombo
Miombo

Lowland rainforest

Lowland rainforest

Lowland rainforest

?
Rainforest

Nursery
Rainforest
Lowland rainforest
Rainforest
Lowland rainforest

Singh (1966)

Ashton (1982)

de Alwis & Abeynayake (1980)
Smits (1992)

Mohd. Noor (1981)
Unpublished data

Smits (1992)

Setiabudi in Hadi et al. (1991)
Mohd. Noor (1981)

Aniwat (1987)

Nuhamara et al. in Hadi et al.
(1991)

Alexander & Hogberg (1986)
Zarate et al. (1993)
Julich (1985)

Hogberg & Piearce (1986)

Hogberg & Piearce (1986)
Hogberg (1982)

Singh (1966)

Mohd. Noor (1981)

Unbubl. data

Tupas & Sajise (1976)
Mohd. Noor (1981)

Ogawa (1992a)

Mohd. Noor (1981)

de Alwis & Abeynayake (1980)
Mohd. Noor (1981)

Smits (1987)
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Genera Species

Location

Vegetation

Reference/Source

S. bracteolata Dyer
*(VAM also)

. compressa Burck

. curtisii Dyer ex King

. dasyphylla Foxw.

. faguetiana Heim

. foxworthyi Sym.

glauca King

. guiso (Blco) BI.

. henryana Pierre

. hypochra Hance

O O nH n nononononon

. javanicaK. & V.

S. johorensis Foxw.
S. laevis Ridl.

S. lamellata Foxw.
. lepidota (Korth.) BI.
. leprosula Miq.

n n

macroptera Sloot.
maxwelliana King
mecistopteryx Ridl.
obtusa Wall.

ovalis (Korth.) BI.

S.
S.
S.
S.
S.
S.

S. ovata Dyer ex Brandis
S. palembanica Miq.
S. parvifolia Dyer

S. pauciflora King

S. pinanga Scheff.

S. platyclados Sloot. ex Foxw.

S. polyandra Ashton

S. robusta Gaertn. f.
roxburghii G. Don
scabrida Sym.

S.

S.

S. selanica (Lamk.) BI.

S. seminis (de Vriese) Sloot.
S.

sericeiflora Fisher & Hance

macrophylla (de Vriese) Ashton

Pen. Malaysia
Kalimantan
Pen. Malaysia
Java

Pen. Malaysia

Kalimantan
Pen. Malaysia

Thailand
Pen. Malaysia

Indonesia

Kalimantan
Pen. Malaysia
Kalimantan

Pen. Malaysia
Pen. Malaysia
Kalimantan
Sarawak

Pen. Malaysia

Indonesia
Thailand

Pen. Malaysia
Kalimantan
Pen. Malaysia
Java

Pen. Malaysia
Kalimantan
Pen. Malaysia
Kalimantan
Java
Kalimantan
Pen. Malaysia
Kalimantan
India
Thailand
Sarawak
Java

Pen. Malaysia

Rainforest
Logged over forest
Lowland rainforest

Dipterocarp arboretum

Lowland rainforest

Lowland rainforest
Rainforest

Semi-evergreen forest

Rainforest

Agroforestry area

Lowland rainforest
Rainforest
Lowland rainforest

Lowland rainforest
Lowland rainforest
Lowland rainforest
?

Lowland rainforest

?

Dry deciduous forest

Lowland rainforest
Lowland rainforest
Rainforest

?

Rainforest
Lowland rainforest
Lowland rainforest
Lowland rainforest

Dipterocarp arboretum

Lowland rainforest
Rainforest
Lowland rainforest

Moist deciduous forest
Dry deciduous forest

Kerangas

Dipterocarp arboretum

Rainforest

Mohd. Noor (1981)
Suhardi et al. (1992)
Norani (pers. comm.)

Nuhamara et al. in Hadi et al. (1991)

Singh (1966)

Lee (1992)

Smits (1992)
Mohd. Noor (1981)

Aniwat (1987)
Mohd. Noor (1981)

Nuhamara in Supriyanto et al.
(1993a)

Smits (1992)

Mohd. Noor (1981)

Julich (1985)

Smits (1992)

Berriman (1986)

Singh (1966)

Bimaatmadja in Hadi et al. (1991)
Chong (1986)

Singh (1966)

Becker (1983)

Hadi et al. (1991)

Aniwat (1987)

Singh (1966)

Bimaatmadja in Hadi et al. (1991)
Mohd. Noor (1981)

Hadi et al. (1991)

Mohd. Noor (1981)

Bimaatmadja in Hadi et al. (1991)
Singh (1966)

Smits (1992)

Nuhamara et al. in Hadi et al. (1991)

Smits (1992)

Mohd. Noor (1981)

Smits (1992)

Bakshi (1974)

Aniwat (1987)

Alexander & Hogberg (1986)

Nuhamara et al. in Hadi et al. (1991)

Hibau in Hadi et al. (1991)
Mohd. Noor (1981)
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Table 1. (continued) Dipterocarp species reported to be ectomycorrhizal based on root examination.
Genera Species Location Vegetation Reference/Source
S. siamensis Miq. Thailand Dry deciduous forest Aniwat (1987)
S. smithiana Sym. Kalimantan Lowland rainforest Bimaatmadja in Hadi et al. (1991)
S. stenoptera Burck Java Dipterocarp arboretum  Setiabudi in Hadi et al. (1991)
" Kalimantan Lowland rainforest Smits (1992)

S. sumatrana (Sloot. ex Thor.) Sym.  Pen. Malaysia
S. talura Roxb. "

S. teysmanniana Dyer ex Brandis

Vatica
Vatica sp. 1 Kalimantan
V. chartacea Ashton

V. papuana Dyer ex Hemsl. Pen. Malaysia

V. rassak (Korth.) BI. Kalimantan

V. sumatrana Sloot. Java

V. umbonata (Hook. f.) Burck Kalimantan
Vateria

V. indica L. S. India
Vateriopsis

V. seychellarum Heim Aberdeen greenhouse

Rainforest

"

Lowland rainforest
Lowland rainforest
Lowland rainforest

Dipterocarp arboretum
Lowland rainforest

Wet evergreen forest

Potted plant

Mohd. Noor (1981)

"

Smits (1992)
Singh (1966)
Smits (1992)

Hadi & Santoso (1988)
Smits (1992)

Alexander & Hogberg (1986)

Unpublished data

be consistent with the theory that dipterocarps are
ectomycorrhizal. Smits (1983) suggested that the
clumped distribution of dipterocarps was due to an
ecological adaptation between suitable fungi and selected
dipterocarp species on the different sites. He (Smits
1994) has also suggested that dipterocarp mycorrhizas
contribute to speciation amongst the Dipterocarpaceae
through enhanced isolation. Janzen (1974) speculated
that dipterocarps which shed their litter containing large
amounts of phenols and other secondary compounds
required ectomycorrhizas to avoid self-toxicity. Other
researchers speculate that the high mortality of outplants
and lack of success in vegetative propagation of
dipterocarps may be due to a lack of or death of
ectomycorrhizas (Ashton 1982, Becker 1983, Smits
1983, Noor and Smits 1987). Lee ef al. (1966) however,
have shown that outplanted seedlings of Hopea nervosa
and Shorea leprosula survived better and had higher
levels of ectomycorrhizal infection in logged forest than
in undisturbed forest.

Although dipterocarps were known to form
ectomycorrhizas since the 1920s (Van Roosendael and
Thorenaar, and Voogd, cited in Smits 1992), it was only

in the last ten years that research into applied aspects of
the dipterocarp root symbiosis, in particular its role in
plant establishment and nutrition, has intensified, with
the growing need for rehabilitation and reforestation.
Mycorrhizas are also viewed as ‘biofertilisers’, an
alternative to chemical fertilisers for infertile tropical
soils where reforestation is being carried out (de la Cruz
1991). This chapter discusses the current state of
knowledge of dipterocarp nutrition and root symbiosis,
and identifies priorities and needs for future research.

Mycorrhizal Fungi and Dipterocarps

Mycorrhizal Associates of the Dipterocarps

Ectomycorrhizas are usually formed by members of the
Basidiomycetes and Ascomycetes but in some cases may
also be formed by Zygomycetes (species of Endogone)
(Trappe 1962, Harley and Smith 1983). In the
Dipterocarpaceae most observations implicate
Basidiomycete genera. In Malaysia over fifty different
agarics and boleti, four earthballs and a new species of
Pisolithus have been found associated with dipterocarps
(Watling and Lee 1995). The dominant fungi were
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species of Amanita, Boletus and Russula with members
of the Russulaceae being most numerous. Other
researchers have also reported species of Amanita,
Russulaceae, Boletaceae and Sclerodermataceae as
mycorrhizal associates of dipterocarps in Malaysia
(Becker 1983, Lee 1992). Species of Amanita, Russula,
Boletus and Scleroderma were reported as dominant
ectomycorrhizal fungi of dipterocarps in Indonesia (Hadi
and Santoso 1988, Ogawa, 1992a, Smits 1994). Similar
associations have also been reported from Sri Lanka (de
Alwis and Abeynayake 1980). Over a six year observation
period in Kalimantan, Indonesia, 172 fungi species from
36 genera were found associated with 23 dipterocarp
species with species of Amanita, Boletus and Russula
being the dominant fungi (Yasman 1993). In the
Philippines 32 species of ectomycorrhizal fungi from
11 families were found associated with dipterocarps,
with species of Russula and Lactarius predominating
(Zarate et al. 1993). In Thailand, Aniwat (1987) reported
species of Russula, Lactarius, Boletus, Amanita,
Pisolithus, Tricholoma and Lepiota as the most common
genera of ectomycorrhizal fungi in dry deciduous
dipterocarp forest and semi-evergreen dipterocarp
forest. Such information on the identity and diversity of
the mycorrhizal fungi would assist in the development
of a base for understanding the relationship between
mycorrhizal fungi and forest function.

It is an established fact that several different fungi
can form morphologically different mycorrhizas on the
root system of a single plant. Although some
ectomycorrhizal fungi show some host specificity at the
host genus level (Chilvers 1973), most ectomycorrhizal
fungi generally have broad host ranges. In a recent
experiment Yazid et al. (1994) showed that a strain of
Pisolithus tinctorius isolated from under eucalypts in
Brazil could form perfectly functional ectomycorrhizas
with two species of Malaysian dipterocarps, Hopea
helferi and H. odorata. Various studies with dipterocarps
have shown that several different ectomycorrhizas may
be associated with the roots of any one plant and very
often the same mycorrhiza may be associated with
different host species and even genera (Becker 1983,
Yusuf Muda 1985, Berriman 1986, Lim 1986, Julich
1988, Hadi ef al. 1991, Lee 1988, 1992, Smits 1994,
Lee ef al. in press).

Until the late 1980s there were only two published
reports of successful isolation of indigenous
ectomycorrhizal fungi associated with dipterocarps into
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pure culture (Bakshi 1974, de Alwis and Abeynayake
1980). However, recently successful isolations of
several indigenous dipterocarp ectomycorrhizal fungi
species were obtained in Indonesia, Malaysia, the
Philippines and Thailand, from various dipterocarp hosts
(FRIM unpublished data, Sangwanit 1993, Supriyanto et
al. 1993a, Zarate et al. 1993).

Inoculation and other Studies

In most studies of the effects of mycorrhizal inoculation
on dipterocarps reported thus far, seedlings have been
inoculated with soil inoculum, chopped dipterocarp root
inoculum or chopped fruit bodies. Such uncontrolled
inoculation studies are self-limiting and non-repeatable.
Controlled inoculation experiments with identified and
definite fungal strains or species, in particular indigenous
ones, are needed so that we can better understand
dipterocarp mycorrhizal physiology and explore their
potential for application in forestry. Spore inoculum in
the form of capsules, tablets or powder of
ectomycorrhizal fungi collected from the wild have also
been used for inoculation of dipterocarps (Fakuara and
Wilarso 1992, Ogawa 1992b, Sangwanit 1993,
Supriyanto et al. 1993b), but these remain on a small
scale and are dependent on fungi which fruit frequently
and produce spores in abundance. Some progress has also
been made in the development of controlled inoculation
techniques for dipterocarps using mycelial pure cultures
(Sangwanit 1993, Lee et al. 1995) but much fundamental
research needs to be carried out before the development
of appropriate delivery systems is explored.

The few reports of controlled dipterocarp
mycorrhizal inoculation and synthesis have been
conducted with exotic fungi, mainly Pisolithus tinctorius
(Smits 1987, Sangwanit and Sangthien 1991, 1992, Hadi
et al. 1991, Lapeyrie et al. 1993, Yazid et al. 1994), and
Cenococcum (Sangwanit and Sangthien 1991, 1992). In
Indonesia, successful mycorrhizal synthesis has been
reported between a local isolate of Scleroderma
columnare and seedlings of Shorea stenoptera, S.
palembanica, S. selanica, S. leprosula, Hopea
mengerawan and H. odorata (Santoso 1989).
Successful synthesis with Astraeus hygrometricus on
Dipterocarpus alatus in Thailand (Sangwanit and
Sangthien 1991, 1992) and unnamed species of Russula,
Scleroderma and Boletus on five dipterocarp species in
Indonesia (Hadi and Santoso 1988) has been implied on
the basis of a growth response in inoculated seedlings.
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However, no data on the nature or level of mycorrhizal
infection were presented. The report by Louis and Scott
(1987) of mycorrhizal synthesis in root organ cultures
of Shorea roxburghii can be discounted as their
illustrations and descriptions do not show
ectomycorrhizas but hyphal invasion into root cells.
Moreover the fungus they used, Rhodophyllus sp. was
from a genus not normally considered to be
ectomycorrhizal.

The effects of various environmental factors on
dipterocarp ectomycorrhizas and their subsequent
effects on plant growth have been the subject of some
recent studies. Smits (1994) suggested that the obligate
nature and temperature sensitivity of the dipterocarp
ectomycorrhizal relationship are the determining factors
for good dipterocarp seedling performance. Yasman
(1995) stated that light intensity influenced
ectomycorrhizal formation in dipterocarp seedlings but
that the effects varied between different host species.
The physiology of how light regulated ectomycorrhizal
formation was, however, not examined. According to
Yasman (1995), neither light nor soil conditions
represented the main factors for successful dipterocarp
regeneration under a closed canopy; dipterocarp seedling
survival was mainly related to the presence of
mycorrhizal inoculum and the support of the seedlings
by their ectomycorrhizal connections to roots from
mother trees that had well illuminated emergent crowns.
However, this may be an oversimplification as different
species of dipterocarps have different light requirements
(Mori 1980, Sasaki and Mori 1981). Lee et al. (in press)
found high levels of ectomycorrhizal infection (60%)
on seedlings of Hopea nervosa and Shorea leprosula
under heavy shade in undisturbed forest supporting
Yasman’s (1995) hypothesis, but also found that S.
leprosula which is a light demanding species had poor
survival compared to H. nervosa which is a shade
tolerant species.

Mineral Nutrition

It must be emphasised that very few studies have been
conducted on the very important aspect of mineral
nutrient requirements of dipterocarps. Fertiliser trials
have been conducted for several dipterocarp species but
the information presently available is far from
conclusive. Although a preliminary guide for the
diagnosis of nutrient deficiency of tropical forest trees
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has been developed (Fassbender 1988), its applicability
and suitability for dipterocarps has to be tested more
extensively.

Sundralingam (1983) found that NP fertilisers
generally improved growth of potted Dryobalanops
aromatica and D. oblongifolia seedlings. In another
experiment, Sundralingam and her co-workers (1985)
found that nitrogen rather than phosphorus was the most
important fertiliser required for improved growth of
potted Shorea ovalis seedlings. Madius (1983) found
that potted Shorea bracteolata and S. parvifolia
seedlings had improved growth and increased nutrient
uptake at higher fertiliser levels, particularly when
moisture supply was abundant. Turner et al. (1993),
however, found that potted Shorea macroptera seedlings
did not respond to fertiliser application. However, they
found that the extent of mycorrhizal infection on S.
macroptera seedlings was correlated with seedling dry
mass in the unfertilised control. Similarly, Burslem et
al. (1995) working with potted Dipterocarpus kunstleri
seedlings, found no positive growth response to nutrient
additions although addition of P increased the
concentrations of K and Ca in the leaves. Burslem and
his co-workers (1995) caution that results of pot
bioassay experiments may be dependent on factors such
as pot size, irradiance and soil moisture conditions and
that conclusions drawn from such experiments need to
be tested by field fertilisation experiments.

Turner et al. (1993) also reported that naturally
regenerated seedlings of Shorea curtisii and Hopea
beccariana did not show any significant response to
fertiliser application in the field. They suggested that
addition of nutrients to promote higher growth rates in
regenerating seedlings in dipterocarp forests is unlikely
to be a silvicultural practice although ensuring adequate
infection could be beneficial. Aminah and Lokmal (1995)
reported that outplanted rooted, stem cuttings of H.
odorata showed a significant increase in stem diameter
and height only nine to 24 months after application of
granular compound fertiliser. No growth response was
recorded when plants were measured earlier. Nussbaum
et al. (1994) found that nutrient availability was the major
factor limiting the establishment of Dryobalanops
lanceolata and S. leprosula seedlings on degraded soils
in Sabah rather than low soil moisture or high soil
temperature. Preliminary results of the effects of NPK
fertilisers on the growth of D. lanceolata and S.
leprosula on a large-scale enrichment planting project
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in Sabah showed that increasing concentrations of
fertiliser resulted in increased growth rates but that
growth was reduced when 2000 mg of NH,NO, was
applied (Yap and Moura-Costa, in press). It will be
interesting to see the final outcome of this large-scale
field experiment.

Lee and Lim (1989) found that foliar P concentration
in naturally regenerated seedlings of Shorea curtisii and
S. leprosula growing in a logged over forest site with
low levels of available P (5.8 to 7.1 ppm) was significantly
correlated with the extent of ectomycorrhizal infection.
Lee and Alexander (1994) working with Hopea helferi
and H. odorata found positive growth responses to
mycorrhizal infection but variable responses to nutrient
treatments. They also reported the first direct
experimental evidence that ectomycorrhizal infection
improved P uptake and growth of a dipterocarp species,
H. odorata. Scleroderma dicstyosporum and S.
columnare were reported to increase levels of nitrogen,
phosphorus and potassium in seedlings of Shorea
mecistopteryx (Supriyanto ef al. 1993b) but these results
may have been misinterpreted. Increased plant height
growth, diameter and dry weight as well as uptake of Fe,
Mn, Cu, Zn and Al by seedlings of Shorea compressa, S.
pinanga, S. stenoptera, H. odorata and Vatica
sumatrana inoculated with chopped fruit bodies of
Russula sp., Scleroderma sp. and Boletus sp. have been
reported in Indonesia (Santoso 1989, Santoso et al.
1989). However, it is not clear whether ectomycorrhizas
were formed by the test fungi or by contaminants.

In a study of site characteristics and distribution of
tree species in mixed dipterocarp forests in Sarawak,
Baillie and co-workers (1987) considered phosphorus
the most critical nutrient while magnesium was thought
to be important because of possible effects on the
efficiency of the dipterocarp mycorrhizal root systems.
Some species of dipterocarps, e.g. Shorea parvifolia
were consistently associated with sites of high P status
while others like S. quadrinervis were associated with
sites of low P status. Amir and Miller (1990) found
potassium to be the primary limiting nutrient in two
separate forest reserves in Peninsular Malaysia. Burslem
et al. (1994), however, are of the opinion that any of the
macronutrients and micronutrients can become
potentially limiting to plant growth when the primary
limitation by P is overcome. From a study of soils under
mixed dipterocarp forest in Brunei, Takahashi et al.
(1994) stated that logged over forests are suitable for
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enrichment planting with dipterocarps since loss of soil
nutrients and degradation of nutrient status would be small
because of nutrient accumulation in the deeper horizons.

It is known that different tree species have differing
site requirements reflecting their differing abilities to
take up nutrients from intractable soil sources due to
differences in root system architecture and in the
particular differences in the mycorrhizal relationships
between species (Miller 1991). Yasman (1995) found
that light demanding Shorea leprosula seedlings could
form many more ectomycorrhizal types than shade
tolerant Dipterocarpus confertus seedlings. Mineral
nutrition, plant light requirements and mycorrhizal
infection are very intimately related but it is only recently
that the importance of this relationship has begun to
receive recognition. Newton and Pigott (1991a) working
with oak and birch found that application of fertilisers
could reduce the number of mycorrhizal types and their
relative abundances. Lee and Alexander (1994) found that
full nutrient application prevented ectomycorrhizal
formation in Hopea odorata but not in H. helferi. This
may indirectly affect the drought tolerance of the host
plants and consequently have implications on forest
management. Burslem ez al. (1994) suggested that
mycorrhizas play an important role in enabling
Melastoma to grow on very nutrient poor soils despite
being highly nutrient demanding. They suggested that for
mycorrhizal plants, limitation by the major cations may
prove more significant than limitation by P. In a more
recent study, Burslem et al. (1995) suggest that shade
tolerant seedlings of lowland tropical forest which
possess mycorrhizas are not limited by P supply because
the mycorrhizas effectively relieve them of P limitation
and/or because such plants have a low demand for
nutrients for growth at low irradiance.

It is clear that there is an urgent need for more
integrated studies on dipterocarp mineral nutrient
requirements and that such studies must take into
consideration the role of the dipterocarp mycorrhizal
association and the effect of different light regimes.
While such studies are more easily conducted in the
nursery with potted plants, there is also a need to test
the conclusions of such experiments in the field.

Research Priorities

The need for more research into the dipterocarp
mycorrhizal association is already well recognised and
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is actively being pursued in Southeast Asia. However, the
same cannot be said of research into dipterocarp mineral
nutrition requirements. With the present interest in
establishing plantations of dipterocarps, fertilisers are
being applied with the hope of producing enhanced or
more rapid growth without a clear understanding of
dipterocarp mineral nutrition requirements. This very
important aspect of dipterocarp silviculture needs to be
studied in much more detail. This is reflected in the
current state of knowledge discussed above and in the
identification of research priorities discussed below.
A word of caution before discussing future research
priorities: results of many of the dipterocarp mycorrhizal
studies carried out in this region, for example, the BIO-

REFOR proceedings, are often difficult to interpret or

not verifiable because of poor experimental design, lack

of statistical analysis, or incomplete monitoring and
reporting. Experiments need to be more carefully
planned, controlled and monitored, to ensure that the
observed effects are genuinely due to the inoculated
ectomycorrhizal fungi and not from other contaminants.

In view of the multi-faceted and some yet unknown
aspects of dipterocarp mycorrhizas and nutrition, and the
current efforts to establish dipterocarp plantations in the
region, the following research priorities have been
identified. Many paraphrase the recommendations made
by Malajczuk et al. (undated) in their Annex 1 -

Recommended Research Programme on Mycorrhizal

Management, as these are found to be very relevant to

dipterocarp mycorrhizal research. The following should

be the future research priorities for dipterocarp
mycorrhizas and nutrition:

1. There is a need for more integrated studies on
dipterocarp mineral nutrient requirements and
mycorrhizal infection for seedling/cutting
establishment in the field.

Most fertiliser trials carried out thus far have ignored
the role of mycorrhizas. They have a significant role
to play in plant mineral uptake and are being
considered in some quarters as possible fertiliser
substitutes/supplements. Results from pot
experiments have limited applicability in field
conditions especially if plants in the field are
interconnected by mycorrhizal links. These intact
mycelial networks constitute the main source of
inoculum when seedlings are grown near an
established tree (Newton and Pigott 1991b,
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Alexander et al. 1992, Yasman 1995) as is likely to
occur in reforestation of selectively logged
dipterocarp forests.

. The mycorrhizal dependency of dipterocarps for

reforestation should be determined for each species
at various ages in various habitats (different light
regimes, soil nutrient levels, water retention, organic
substrates).

Mycorrhizal fungi like vascular plants may vary in
their ecological and physiological requirements and
under given circumstances, some fungi may benefit
particular hosts more than others. The ability of a
particular mycorrhizal fungus to enhance the foliar
nutrient content of the host may not be indicative of
the isolate’s ability to improve seedling growth and
subsequent outplanting performance (Mitchell et al.
1984). Surveys and identification of ectomycorrhizal
fungi associated with dipterocarps should be
continued and the results shared among workers in
the region.

. Field studies should be conducted to determine the

influence of nutrition and mycorrhizal infection on
dipterocarp seedling survival, and their roles in
determining forest composition.

It has been suggested that the ‘nursing’ phenomenon
(Read 1991), i.e. regeneration of seedlings in the
vicinity of parent trees whereby they become
incorporated into a mycelial network, reduces tree
species diversity (Alexander 1989). It is believed that
because mycorrhizal fungi have a great influence on
plant survival in new and reclaimed sites, tree health
and site quality, they are the cornerstone to proper
establishment of functional forest ecosystems
(Malajczuk et al. undated).

. Isolation and pure culture of indigenous

ectomycorrhizal fungi should be intensified, and
species associated with the desired host plant species
both in unlogged and logged over forest requiring
rehabilitation should be determined.

There is evidence that some of the easily manipulated
exotic mycorrhizal fungi such as P. tinctorius may
be out competed by indigenous (co-evolved)
mycorrhizal fungi in the field (see Chang et al. 1996).
Moreover, fungi which are beneficial to the host in
the natural forest may not be adapted to the degraded
site where reforestation will be carried out. It has
been suggested that successful establishment of
indigenous ectomycorrhizal trees is limited to areas
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where inoculum already exists (Alexander 1989).

However, Smits (personal communication) reported

that dipterocarps have been successfully established

on a large-scale in heavily burned secondary forest
at Longnah, East Kalimantan.

5. The mycorrhizal fungi should be compared for effects
on hosts in different soils under controlled
conditions and for adaptability to handling in nursery
inoculation processes and to nursery cultural
practices.

Brundrett ez al. (1996) have comprehensively

discussed the differential effect of various soil

attributes on mycorrhizal fungal growth which have
implications for tree establishment.

6. Host specificity and compatibility of selected
ectomycorrhizal fungi should be determined in pot
experiments with selected host species and genera.

7. Efforts on the selection of mycorrhizal fungi for
inoculation of seedlings should be continued. This
should be based on a set of criteria which would
include satisfactory vegetative growth or abundant
sporulation for production of large quantities of
inoculum, adaptability to inoculation manipulation,
ability to form mycorrhizas with a broad range of host
species, and ability to enhance growth of the host
tree (Trappe 1977, Marx et al. 1992).

8. Inoculation experiments should be conducted with
identified or known and preferably indigenous
mycorrhizal strains.

This is to ensure that results are repeatable and
verifiable and for development into practical application
techniques for field use. This is important for the
sustained production of effective mycorrhizal inoculum.

Current Mycorrhizal Research Groups
and Needs

Presently dipterocarp mycorrhizal research is most
actively being pursued in Indonesia and Malaysia and to
a lesser extent in Thailand. Some research has also
recently begun in the Philippines.

Indonesia

Among the Southeast Asian nations, Indonesia has the
most numerous researchers and research institutes
engaged in dipterocarp mycorrhizal research. The main
institutes are BIOTROP and Bogor Agricultural
University in Bogor, Gadjah Mada University in
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Yogyakarta, Universitas Mulawarman and the
TROPENBOS Project in East Kalimantan which includes
the Association of Forest Concession Holders. A variety
of topics are being investigated but most of the results
are published in local Indonesian journals in Bahasa
Indonesia (see Supriyanto et al. 1993a) and often are
very brief with details of experiments missing. This
situation is slowly changing with the emergence of
collaborative projects funded by foreign agencies such
as the European Economic Community (EEC), Overseas
Development Authority of the U.K. (ODA), the Dutch
TROPENBOS and the Japanese government, and as more
international symposia on mycorrhizas are organised.
However, there appears to be some lack of coordination
and communication between the various research groups,
with each group appearing to work in isolation. It has
also been pointed out that many of these groups conduct
research in nurseries or in small experimental
dipterocarp plantations outside the area of their natural
occurrence (Smits 1992). Consequently not all the
results may be of equal importance for an understanding
of the functioning of dipterocarp mycorrhizas under
natural conditions. Comprehensive reports of the status
of mycorrhizal research in Indonesia are given in Hadi
et al. (1991) and Supriyanto et al. (1993a).

Malaysia

In Malaysia dipterocarp mycorrhizal research is
presently only being conducted at the Forest Research
Institute Malaysia (FRIM). Considerable progress has
been made towards the understanding of the biology and
ecology of some dipterocarp mycorrhizas, and
techniques are being developed and improved for
controlled inoculation of dipterocarp planting material.
The research has largely benefited from collaboration
with researchers from Europe under a joint FRIM-
Commission of the European Communities collaborative
project. The survey and identification of mycorrhizal
fungi are actively being pursued under another
collaborative project with the Royal Botanic Garden,
Edinburgh, funded by the ODA. Results have been
published in several international journals.

Thailand

There are two institutes conducting dipterocarp
mycorrhizal research in Thailand, these being the Faculty
of Forestry at Kasetsart University and the Royal Thai
Forest Department. Most of the research has
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concentrated on surveys and the effectiveness of
ectomycorrhizas in promoting growth of seedlings under
adverse conditions. Presently dipterocarp mycorrhizal
research is not very active and progress has been slow
due to the limited number of researchers and funds
available (Sangwanit 1993).

Philippines

Work on dipterocarp mycorrhizas in the Philippines
started about five years ago at the University of Los
Bafios, Laguna (de la Cruz 1993) with attempts to
combine dipterocarps propagated by cuttings/tissue
culture and mycorrhizal inoculation. Results will be
reported in a forthcoming publication (de la Cruz in
press). Considerable research has been focused on the
development of mycorrhizal inoculum delivery systems,
mainly for use with pines and eucalypts. Some of these
systems may be effective for dipterocarps but tests need
to be carried out, especially under field conditions.
Recently a survey of ectomycorrhizal fungi associated
with pines and dipterocarps was undertaken with funding
from the EEC (Zarate et al. 1993).

Other Groups

Some preliminary research on dipterocarp mycorrhizas
has also been carried out in Sri Lanka (Abeynayake 1991).
However, such work is not given much emphasis as
reforestation of degraded lands with dipterocarps has not
been successful and Sri Lanka is presently not using
dipterocarps for reforestation on a large scale
(Abeynayake 1991). In India some research was
conducted on ectomycorrhizal fungi associated with
Shorea robusta in the early 1970s (Bakshi 1974) but
since then there have been no new reports of mycorrhizal
research on dipterocarps.

Mycorrhiza Network Asia

Mycorrhiza Network Asia was established at the Tata
Energy Research Institute, New Delhi on 1 April 1988.
This network serves as a point of reference for
mycorrhizal scientists in Asia and provides various
services such as literature searches, a directory of Asian
mycorrhizal researchers, a germplasm bank, organisation
of meetings and symposia, and the publication of a
quarterly newsletter, Mycorrhiza News. Mycorrhizal
researchers from the various Southeast Asian countries
are members or are aware of the existence of this network
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and meet from time to time at the Asian Conference on

Mycorrhizae (ACOM); the Third ACOM was held in

Indonesia in April 1994. Previous meetings were held in

India (1st ACOM) and Thailand (2nd ACOM).

However, rapid progress on dipterocarp mycorrhizal

research in the Southeast Asian region is constrained by

several factors:

1. Insufficient numbers of suitably trained and active
mycorrhizal researchers in most Southeast Asian
countries. For example, there are only two scientists
actively working on dipterocarp mycorrhizas in
Malaysia and Thailand respectively.

BIOTROP has conducted several training courses on
mycorrhizas for participants from the ASEAN
countries but it is unfortunate that most trainees do
not engage in mycorrhizal research upon returning
to their own countries. A slightly different problem
is encountered in the Philippines where many trained
researchers leave the country for better opportunities
abroad. In Indonesia an encouraging situation has
recently developed where practising foresters were
sent by their employers, the various concession
holders, to attend a two-week local training course
on mycorrhizal techniques conducted by BIOTROP.

2. Insufficient budget to undertake such research.
Most local governments do not allocate sufficient
funds for basic research including mycorrhizal
research. De la Cruz (1993) pointed out that much
of the productive mycorrhizal research came from
external grants.

3. Lack of regional collaboration.

Much has been spoken about the need for regional
research collaboration in many fields, including
mycorrhizal research, but to date no concrete
proposals have materialised for regional mycorrhizal
research.

4. Lack of expertise in some fields of mycorrhizal

research, such as identification of ectomycorrhizal
fungal associates, culture and propagation of
mycorrhizal inoculum.
A local or regional flora of potential ectomycorrhizal
fungi is needed as baseline information for many
studies. A start has been made in several Southeast
Asian countries to collect and collate such
information. However, most of the research is only
possible because of the collaboration of foreign
experts working on short-term projects.
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5. Limited access to regional research results.

Results of many studies are reported only in local
publications to which other researchers in the region
have no access. Presently the most important
channels of information are regional and international
symposia or conferences where researchers have an
opportunity to discuss their findings. Researchers
should be encouraged to publish their findings in
refereed journals or in publications with a wider
circulation so that their results may be shared with
others.
Joint collaborative projects involving active
dipterocarp mycorrhizal researchers, plant
physiologists, and soil scientists from the various
countries in the region and experienced scientists
from the developed countries would be one approach
to advancing research in this field. Training relevant
personnel who would be likely to put their training
into practice would also help overcome some of the
problems encountered. It is envisaged that agencies
such as the Center for International Forestry
Research and the European Union can play pivotal
roles in this respect.

Funding Requirements

Funding is required for a multi-lateral collaborative
project involving scientists from related disciplines in
the various Southeast Asian countries and experienced
mycorrhizal researchers from the developed countries
to conduct research into some, if not all, of the priority
areas identified. Funding should at least be for an initial
period of three years and should include components of
training for local scientists and field personnel. Local
scientists who will be directly involved in the research
should receive relevant training in the first year of the
project.
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Pests and Diseases of
Dipterocarpaceae

C. Elouard

Introduction

There has been relatively little research on the pests
and diseases of dipterocarps. Most investigations have
been directed to forest products commensurate with
their economic value. Now that dipterocarps are being
established by enrichment planting in forests or in
extensive plantations, more attention will have to be
directed to the pests and disease problems of living
trees.

Pests and diseases on dipterocarps affect seeds,
seedlings, saplings, trees and their products. A large
proportion of earlier studies catalogued dipterocarps’
pests and diseases. Little is known about their ecology,
natural enemies, management and control. The only
well-studied species is Shorea robusta, an important
timber species in central and northern India and grown
in plantations. Pests have been investigated on forest
trees only when mortality resulted in economic loss,
as for Shorea robusta in India. There has been
considerable work on pests of Indian dipterocarps
(Stebbing 1914, Beeson 1941, Bagchee 1953, 1954,
Bagchee and Singh 1954, Bhasin and Roonwal 1954,
Bakshi 1959, Mathur and Balwant Singh 1959, 1960a,
b, 1961a, b, Mohanan and Sharma 1991). Dipterocarp
diseases are mainly recorded as fungal diseases. The
only record of bacterial disease is Agrobacterium
tumefaciens, causing leaf gall formation on saplings
(Ardikosoema 1954, Torquebiau 1984, Smits et al.
1991). An alga, Cephaleuros virescens, is reported
causing leaf disease (Mittal and Sharma 1980, Elouard
1991).

The establishment of forest plantations and the
enrichment planting of logged-over forests with local
species such as dipterocarps requires collection of
fruits, seed storage and raising of seedlings in nurseries.

Chapter 7
]

Thousands of seedlings growing in a confined place can
lead to the development and proliferation of non-
specific and even specific pathogens and pests. A timber
trend study in India (Anon. in Bakshi ef al. 1967) shows
that combined loss in forest wealth due to causes like
fire, decay, insects and windfall is 13 per cent. This
emphasises the need for proper integrated pest and
disease management to protect investments.

Pests and pathogens are present in forest
ecosystems at all stages and take an active part in their
ecological balance and dynamics. Though pathogen and
pest damage is kept controlled at non-epidemic levels
in natural forests (Augspurger 1990), logging activities
change the natural balance of the forest ecosystems,
and can favour proliferation of pests and pathogens.
Moreover, enrichment planting and forest plantations
can be a dramatic source of pest and disease
propagation, particularly on monospecific plantations
such as the case of the leaf blight (Microcydus ulei) of
rubber in South America. The major epidemics recorded
on dipterocarps are caused by insects on Shorea
robusta, e.g. Hoplocerambyx spinicornis
(Cerambycidae), an important heartwood borer in India
and Pakistan, and the mealybug Drosicha stebbingi
(Coccidae) which have caused considerable damage
(Beeson 1941).

The main constraints to research on dipterocarp
pests and diseases are shortage of trained staff, lack of
cooperation among scientists and institutions in Asia,
inadequate funding and infrastructure facilities, high
cost of pest and disease identification, lack of
information on the economic effects of pests in
plantation forestry, and need for more contacts between
researchers, foresters and staff of timber companies.
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Pests

Seeds

Dipterocarp seeds are produced irregularly and sparsely
in some species, and fruit production varies in quantity
and quality from year to year. Mass fruiting appears to
favour seed predators, but it can also be a strategy to
escape complete seed destruction (Janzen 1974). Seed
predation can be very high, and the crop can be
completely wiped out. Curran and Leighton (1991)
reported that the 1986 crop was entirely destroyed
(100,000 seeds/ha) in the lowland forest of West
Kalimantan. The major losses are caused by insect pests.
Natawiria et al. (1986) observed weevils (Curculionidae)
damaged 40-90% of the seeds of Shorea pauciflora, S.
ovalis, S. laevis, S. smithiana and Dipterocarpus
cornutus. Daljeet-Singh (1974) reported that weevils
were responsible for more than 80% of the total seed
damage in all case studies except Shorea macrophylla,
in which the most important pests were the Colytidae. In
1991, 70% of Dryobalanops aromatica seeds were
damaged by weevils in Malaysia (Elouard, unpublished).

While insects are the major seed pests, there is
destruction by birds and mammals. Wild pigs (Sus scrofa),
squirrels (Callosciurus prevostii and C. notatus) and
monkeys (Presbytis rubicunda) caused damage to the
crops of some species (Kobayashi 1974, Natawiria et
al. 1986, Curran and Leighton 1991). Kobayashi (1974)
observed that 80% of the mature seed crop of Hopea
nervosa was damaged by squirrels. Parrots (Psittacula
sp.) have been observed feeding on dipterocarp seeds
(Natawiria et al. 1986). However, monkeys and squirrels
prefer to eat other available fruit and seeds (Curran and
Leighton 1991). Dipterocarp resin contains a high
percentage of alkaloides and can be repellant to
mammals. Neobalanocarpus heimii seeds are hardly
eaten by mammals, but losses are due to the destruction
of a part of the seed tasted by the rodents and then
rejected (Elouard et al. 1996).

Over 80 species of seed pests have been described
on various dipterocarp seeds, with both pre- and post-
dispersal insect pests. The former attack the fruits on
the tree before dispersal, whereas the latter attack fruits
on the ground. The pre-dispersal fruit pests are weevils
(Curculionidae) and Lepidoptera, and the post-dispersal
ones are Lepidoptera (Toy 1988). It is rarely possible to
distinguish between pre- and post-pests of Lepidoptera.
The mode of attack of the weevils and Lepidoptera on
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dipterocarps is described by Daljeet-Singh (1974). The
weevils come at the early development of the fruits,
pierce the pericarp and deposit a single egg. The larvae
feed on the cotyledons throughout the period of growth.
The pupal chamber is made of larval frass. Usually, the
fruit drops to the ground before pupation and the adult
weevils remain within the fruit for a few days before
emerging. They are sexually immature at emergence. The
Lepidopteran predators lay their eggs on the dipterocarp
fruits. On hatching, the larvae bore into the fruit, feed on
the cotyledons and pupate. Prior to pupation, the larva
attacks the pericarp leaving only a thin covering that the
newly emerging adult can break.

Toy (1988) observed in Malaysia that species of
Nanophyes (Curculionidae) were generic specialists and
some species appeared to be even sub-generic
specialists. The existence of insect pests which have a
‘familial specialisation’ raises questions on the function
of mass-flowering as a pest satiation strategy (Janzen
1974). The survival of these insects between fruiting
events are ascribed to three hypotheses: i) they have either
alternative hosts in non-dipterocarp families; ii)
dormancy; or iii) maintain more or less continuous
generation of pests developing on sporadically flowering
trees (Toy 1988). In a study of Nanophyes shoreae
survival in Shorea macroptera, Toy observed that a
maximum 1.8% of insects survived during sporadic
events, thus dispersal of the insect is not probable. He
suggested generalist feeding of adults is the key to their
persistence between fruiting events.

Seedlings and Saplings
Few records exist on pests of seedlings and saplings in
nurseries, though some reports are available for natural
forests. Insects are the main source of damage as leaf
feeders, borers, suckers and in gall formation. The other
pests recorded are wild boars, rodents and nematodes.
There are few reports of leaf damage to seedlings
and saplings (Becker 1983, Tho and Norhara 1983) and
the defence properties of essential oils in mature leaves
were discussed by Becker (1981). Galls causing leaf
damage were reported on dipterocarp species in
Singapore, Malaysia and India (Anthony 1972, 1977,
Mathur and Balwant Singh 1959), mortality and setback
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in growth by attacking the young shoots and twigs of
Dryobalanops aromatica saplings over 1 m tall (Anon.
in Tho and Norhara 1983).

Shoot and root borers were recorded on various
dipterocarp species (Beeson 1941, Chatterjee and Thapa
1970, Daljeet-Singh 1975, 1977, Sen-Sarma and Thakur
1986, Shamsuddin 1991, Smits et al. 1991). Shoot
boring does not generally cause mortality (although it
was recorded as the major factor of die-back of Shorea
teysmanniana seedlings (Shamsuddin 1991) but rather
induces the formation of multiple leaders after
destroying the main shoot (Daljeet-Singh 1975, 1977,
Smits et al. 1991). Therefore, shoot boring insects are a
problem for reforestation programmes. Planting trials
with Shorea ovalis, S. leprosula, S. acuminata and S.
parvifolia were conducted in Malaysia, where 50% of
S. acuminata and 7.3-16.5% of the other Shorea
seedlings were attacked by shoot borers (Daljeet-Singh
1975).

Insect borers and nematodes can destroy roots. The
lepidopteran root borer Pammene theristhis
(Eucosmidae) has emerged as the most serious pest of
the seedlings and young shoots of Shorea robusta (sal)
in all areas where it is grown in India. It probably plays a
prominent role in the regeneration-failure in sal. It has
been closely associated with the dying-off of new sal
regeneration in the submontane belt of Uttar Pradesh
(Beeson 1941; Chatterjee and Thapa 1970). The borer
has more than three generations a year: the first generation
lays eggs on the seeds on which the larvae feed; the
second one bores into young growing shoots of coppice
or regeneration of sal up to sapling stage with the
resultant die-back of leaders; and the third generation
attacks and kills the young seedlings by hollowing the
tap root and a part of the stem (Beeson 1941, Sen-Sarma
and Thakur 1986). Nematodes were recorded feeding on
rootlets of Hopea foxworthyi and Shorea robusta
(Catibog 1977, Mathur and Balwant Singh 1961a).

Wild pigs (Sus scrofa) can completely destroy
seedling regeneration (Becker 1985, Elouard
unpublished). Rodents can be significant as pests of
germinating seeds and the cotyledons of young seedlings
(Wyatt-Smith 1958) and deer browsing was partly
responsible for mortality of Shorea robusta seedlings
and saplings in India (Davis 1948).

Trees
Tree pests were recorded in Malaysia, Thailand,
Indonesia, India, Pakistan and Burma. Most of them are
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insects belonging to Coleoptera and Lepidoptera, causing
defoliation and leaf damage, wood boring and root
sucking.

The extent of the damage and the economic losses
due to defoliation, essentially caused by insects, has
seldom been estimated. Over 130 species of insects
cause leaf damage, mostly belonging to the families
Geometridae, Lymantriidae, Noctuidae, Pyralidae,
Tortricidae (Stebbing 1914, Beeson 1941, Bhasin and
Roonwal 1954, Ghullam Ullah 1954, Mathur and Balwant
Singh 1959, 1960a, b, 1961a, b, Anderson 1961,
Torquebiau 1984, Pratap-Singh and Thapa 1988, Messer
et al. 1992).

Defoliators in India, Pakistan, Malaysia, Indonesia,
Thailand and Philippines, at times cause important
damage, e.g. Shorea robusta trees in Assam, India were
entirely stripped of all green leaves over a very large
area by species of caterpillars of the genus Lymantria
(Stebbing 1914). Defoliation can lead the trees to an
extremely weak state which makes them attractive and
highly receptive to a lethal infestation from borers such
as Hoplocerambyx spinicornis (Pratap-Singh and Thapa
1988). Successive defoliations can kill trees, e.g.
Lymantria mathura on Shorea robusta in Assam and
north India (Beeson 1941). Following defoliation, the
physiology of the tree is affected by the loss of
photosynthetic activity: Shorea javanica trees, tapped
for resin in Sumatra, Indonesia, stopped their resin
production (Torquebiau 1984). The attack by insects in
Shorea robusta forests of Bangladesh appeared to be
minor (Ghullam Ullah 1954). According to the author,
this may be due to the presence of large colonies of the
brown ant, Oecophylla smaragdina, known to destroy
all kinds of caterpillars (except the hairy species) and to
drive away beetles and bugs, thus preventing oviposition
in the latter case. Ghullam Ullah noted all the Shorea
robusta defoliating larvae are hairy caterpillars which
are not destroyed by ants.

The borer-fauna of Dipterocarpaceae is very
extensive, and has been mostly recorded in India.
According to Beeson (1941), only one species, the
heartwood borer Hoplocerambyx spinicornis
(Cerambycidae), is capable of killing healthy trees. The
other borers, or secondary borers, attack sickly trees,
possibly hastening death by a year or two.

Hoplocerambyx spinicornis is widely distributed in
Asia (Burma, Bhutan, India, Indo-China, Indonesia,
Malaysia, Nepal, Papua New Guinea, Pakistan,
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Philippines, Singapore, Thailand). It is a pest of
Parashorea robusta, P. malaanonan, P. stellata,
Shorea siamensis, S. assamica, S. obtusa, S. robusta,
Anisoptera glabra and Hopea odorata. This insect is a
principal pest in the Matang Forest Reserve of Sarawak,
Malaysia, and causes severe damage in central and
northern India on Shorea robusta. Outbreaks of this
insect have been recorded periodically since 1897 in
Chota Nagpur, India. The grub feeds on and destroys the
bast layer eventually killing the tree, and it tunnels down
into the heartwood spoiling it for commercial purposes.
This cerambycid has the habit of destroying the trees in
patches (Stebbing 1914). It produces characteristic
symptoms: i) dying-off from the crown downwards by
sudden withering of the foliage in autumn or spring; and
ii) profuse exudation of resin at points where the first
stage larvae bore through the bark.

The biology of H. spinicornis, the damage caused by
the insect and its control have been studied by Stebbing
(1914), Beeson and Chatterjee (1925), Atkinson (1926),
Beeson 1941, Bhasin and Roonwal 1954, Roonwal 1952,
1976, 1977, 1978, Mathur and Balwant Singh (1959,
1960a, b, 1961a, b), Mathur (1962), Chatterjee and Thapa
(1964, 1970), Sen-Sarma et al. (1974), Singh et al.
(1979), Mercer (1982), Singh and Mishra (1986),
Bhandari and Pratap-Singh (1988) and Baksha (1990).
The borers prefer large, mature trees, where there is more
chance of completing the life cycle. But during
epidemics this borer is capable of infesting every tree
above 0.3 m girth and and is not confined to mature or
over-mature trees. It then affects thousands of hectares
of Shorea robusta (Sen-Sarma and Thakur 1986). The
emergence of the adult beetle is closely synchronised
with rainfall (June/July). The beetles lay eggs in the bark
and sapwood and a heavily infested tree may contain as
many as 900 living larvae. Full grown larvae tunnel into
the heartwood and riddle it with galleries, making it unfit
for marketing as timber (Sen-Sarma and Thakur 1986).
Stebbing (1914) and Mathur (1962) described a method
of trapping the insect called the ‘tree-trap’ system. During
outbreaks, one tree per hectare is felled, and the log
beaten to expose the inner bark. The adults, attracted by
the inner bark, are collected by hand and destroyed. This
method has been used since then and is successful in
monitoring and controlling the beetle populations
(Chatterjee and Thapa 1970, Roonwal 1978, Bhandari
and Pratap-Singh 1988). A beetle can locate a freshly
felled tree of S. robusta at a maximum distance of 2 km
(Pratap-Singh and Misra 1981).
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Many of the secondary borers attack freshly felled trees,
but can occasionally attack moribund trees and hasten
their death. They also attack young growth in sickly
condition due to some abiotic factors (frost or drought)
or biotic factors (e.g. infestation by defoliators) or kill
the trees (e.g. Massicus venustus) by mass-attack
(Beeson 1941). Most borers are not a threat for the tree
itself but make it useless for construction purposes and
reduce the market value of the timber.

Suckers, belonging to Cicalidae and Coccidae were
reported damaging roots (Hutacharern ef al. 1988) and
leaves (Mathur and Balwant Singh 1961a). Lacifer lacca
(Coccidae), the insect involved in the production of lac,
is a sap sucker of Shorea talura, Shorea spp. and
Dipterocarpus tuberculatus (Mathur and Balwant Singh
1959, 1961a, b).

Termite attacks have been reported on living
dipterocarp trees (Wyatt-Smith 1958, Nuhamara 1977,
Sen-Sarma and Thakur 1980, Smits ef al. 1991). Smits
et al. described termite attack on living Shorea
polyandra in Kalimantan: the trees shed their leaves,
while the crown became lighter and the death of the tree
was manifested by the exudation of many clumps of black
resin from the stem base.

Forest Products

Damage on logs and timbers are mainly caused by
termites and beetles. Since it is a field of economic
importance, many studies have been conducted on the
identification of the pests, their biology and control
methods.

Termites attacking logs and wood were studied in
Malaysia, Indonesia, India, China (Mathur and Balwant
Singh 1960a, b, 1961a, b, Becker 1961, Sen-Sarma 1963,
Abe 1978, Sen-Sarma and Gupta 1978, Hrdy 1970, Said
et al. 1982, Ping and Xu 1984, Dai et al. 1985,
Quiniones and Zamora 1987, Hutacharern et al. 1988),
but also in European and even Saudi Arabian laboratories
(Alliot 1947, Badawi et al. 1984, 1985). Tests on the
resistance of wood to termite attacks were widely
conducted (Alliot 1947, Becker 1961, Sen-Sarma 1963,
Schmidt 1968, Sen-Sarma and Gupta 1978, Hrdy 1970,
Dai et al, 1985, Badawi et al. 1984, 1985). Pentacme
suavis, Shorea guiso, S. robusta, S. obtusa, S.
stenoptera, Vatica astrotricha, Hopea hainanensis,
Dipterocarpus sp. proved to be resistant to termite
attack. In other studies wood from Dipterocarpus spp.
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was particularly susceptible to termite attack (Alliot
1947) and that of Vateria indica was preferred by
Microcerotermes cameroni (Hrdy 1970). Heavy
hardwoods, Neobalanocarpus heimii and Vatica sp.,
were the least susceptible species to termite attack.
Wood of Neobalanocarpus heimii, Shorea ovalis and
Shorea spp. contain repellants against Cryptotermes
cynocephalus (Said et al. 1982).

Ambrosia beetles (pin-hole borers) infest logs and
wood timber (Browne 1950, Bhatia 1950, Anon. 1957,
Anuwongse 1972, Fougerousse 1974, Garcia 1977,
Hutacharern et al. 1988). Browne reported the
susceptibility of Shorea leprosula logs to attack by
ambrosia beetles, more particularly Xyleborus
pseudopilifer which usually attacks only dipterocarps,
and X. declivigranulatus which is polyphagous. Shot and
pin-hole borers attacked barked-logs of Parashorea
malaanonan more severely than unbarked ones, as well
as logs left in the shade (Anon. 1957).

Insecticide trials against termites (Mathur ez al. 1965,
Said et al. 1982, Schmidt 1968) found BHC, aldrex and
chlordane were effective. Preservatives, such as copper-
chrome-arsenic, increased wood resistance to attack of
Coptotermes curvignathus.

Studies of treatment against insect damage on logs
and wood have been mainly conducted in India.
Insecticides such as BHC, fenpropathrim, fenvalerate,
permethrine, telodrine, diedrex, gammexane and to a
lesser extent chlordane were effective against beetles
such as Lyctus brunneus (Lyctidae), Cerambycidae,
Bostrichidae, Platypodidae and Scolytidae (Browne
1951, Menon 1954, 1958, Francia 1958, Thapa 1970,
Ito and Hirose 1980, Chatterjee and Thapa 1971,
Nunomura et al. 1980, Daljeet-Singh 1983). Thapa
(1970) showed that BHC offered a satisfactory
protection when sprayed on logs of Parashorea
tomentella against cerambycids and more particularly
Dialeges pauper and Hoplocerambyx spinicornis.

A minimum of 3 months immersion of Shorea
robusta poles in water gives protection against bostrichid
attack, most probably due to the leaching of sugars during
soaking (Anon. 1946). Fresh water and marine borers
have damaged boats and poles (Shillinglaw and Moore
1947, Anon. 1947, Edmonson 1949, Premrasmi and
Sono 1964, Mata and Siriban 1976, Chong 1979,
Santhakumaran and Alikunhi 1983, Chen 1985). Most
records concern marine borers, though nymphs of
species of mayfly (Ephemeroptera) burrow into and
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damage boats and submerged wooden structures in fresh
water in Thailand (Premrasmi and Sono 1964).

The durability and resistance of dipterocarp timbers
and poles against marine borers, mainly in the genera
Dicyathifer,
Bactronophorus, Baukia, Nototeredo and Limnoria,
were studied by Shillinglaw and Moore (1947) and Mata
and Siriban (1976). Anisoptera polyandra in New
Guinea  (Shillinglaw and Moore 1947),
Neobalanocarpus heimii and Shorea maxwelliana
(Chong 1979) had good natural resistance to shipworms
and other marine borers. A. polyandra is therefore
recommended for piling in new marine structures.
Shorea laevifolia has been reported as being resistant
to Martesia and Teredo species (Anon. 1947). In China,
Chen (1985) demonstrated that the resistance to marine
borers of hardwood is higher than that of softwood, and
heartwood is superior to sapwood. Edmonson (1949)
reported Martesia sp. destroyed rapidly apitong
(Dipterocarpus sp.) and Shorea sp. in the Philippines.
According to Santhakumaran and Alikunhi (1983),
Shorea robusta and Dipterocarpus indicus had a very
heavy attack whereas D. macrocarpus had a medium
attack and D. turbinatus and Hopea parviflora had a
moderate attack in 7-8 months by Martesia and Teredo
species. Some treatments with creosote proved to be
effective (Chong 1979, Mata and Siriban 1976).

Martesia, Teredo, Nausitora,

Diseases

Seeds
Bacteria, viruses and especially fungi cause loss of seed
viability. Infection takes place on the tree, during the
flowering and/or development of the fruit, on the ground
at the fruit fall, and during the period from harvesting to
sowing in the nursery. During these stages, seed
contamination can occur with organisms causing diseases
in the nursery or serving as primary inocula for decay
organisms specific to seedlings (Mohanan and Sharma
1991). Seeds collected from the forest floor are more
liable to be infected by decay organisms. Fungal infection
also occurs during seed storage, where large quantities
of seeds in containers and high moisture are propitious
conditions for fungal development.

Over 100 species of seed fungi have been identified
in Malaysia (Hong 1976, 1981a, Lee and Manap 1983,
Elouard and Philip 1994), in Thailand (Pongpanich
1988), in Indonesia (Elouard 1991), and in India (Mittal
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and Sharma 1982, Mohanan and Sharma 1991). Most of
these fungi belong to Fungi Imperfecti
(Deuteromycetes). Though a large number of species are
recorded on dipterocarp seeds, their disease transmission
and seed degradation is not well documented. In general,
poor seed storage conditions affect seed quality and
facilitate fungal infection and spread of fungi (see
Chapter 4). There have been few fungicidal studies on
stored dipterocarp seeds and there is a need for seed
pathology research to establish suitable control methods
for fungal infection both during storage and in nurseries.

Two categories of seed fungi can be identified, the
storage fungi and the seedborne fungi. The first category
includes saprophytic fungi growing on the seed testa, and
the second refers to pathogenic fungi developing from
the internal part of the seed. Both cause significant
damage during storage.

Storage fungi

Storage fungi grow fast, developing from the ever-present
spores in the air or on the seed testa. They rapidly invade
the embryo, causing damage and decreased germination
(Neergard 1977). These saprophytes do not feed on the
seeds, but their excessive development leads to the
rotting of the seeds. The most common species belong
to the genera of Aspergillus, Penicillium, Pestalotia,
Pestalotiopsis, Gliocladium, Fusarium,
Cylindrocladium and Lasiodiplodia. Most of these fungi
produce enormous quantities of spores spreading rapidly
and infecting the whole seed stock.

Aspergillus niger was widely recorded on
dipterocarp seeds (Pongpanich 1988, Singh et al. 1979,
Mittal and Sharma 1981, 1982, Hong 1976, 1981a, Lee
and Manap 1983, Hadi 1987, Elouard and Philip 1994).
In India, fungicidal trials were conducted on fungi
infecting Shorea robusta seeds, namely Aspergillus
niger, albicans, P canadense,
Cladosporium cladosporioides, C. chlorocephalum
and Rhizopus oryzae (Mittal and Sharma 1981).
Brassical, Bavistin and Dithane-45 proved effective. In
Malaysia, Elouard and Philip (1994) tested fungicides
on Hopea odorata seeds, and Benlate 50 and Thiram
were effective without preventing germination or
affecting seedling development.

Penicillium

Seed-borne fungi
Seed-borne fungal infection most probably takes place
during the flowering period or at the early stage of
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fructification. The infection occurs through spores
present in the environment or through inoculation of
spores or mycelium by pollinating insects or predispersal
insect predators while laying their eggs. Seed-borne
fungi feed on living tissues, destroying the embryo and
the cotyledons. The mycelium develops inside the seed
and eventually covers the whole fruit. In natural stands,
seed destruction is mainly caused by seed-borne fungi.

The most common seed-borne fungi belong to the
genera Fusarium, Cylindrocladium, Lasiodiplodia,
Colletotrichum, Curvularia and Sclerotium (Hong
1976, 1981a, Lee and Manap 1983, Charlempongse et
al. 1984, Pongpanich 1988, Mohanan and Sharma 1991,
Elouard 1991, Elouard and Philip 1994). The
Basidiomyceteae Schyzophyllum commune has been
observed on several dipterocarps (Hong 1976, Vijayan
and Rehill 1990, Elouard and Philip 1994), developing
on the cotyledons and embryo and ultimately covering
the whole seed and producing carpophores. Infection
leads to high levels of mortality: 70% of Shorea
leprosula and S. ovalis seeds were rotted by a Fusarium
species and 90% of Shorea glauca seeds were destroyed
by Schyzophyllum commune (Elouard and Philip 1994).

Seedlings and Saplings

Over 40 species have been identified causing seedling
diseases. The most common are in the genera
Colletotrichum, Cylindrocladium, Fusarium and
Lasiodiplodia, which are responsible for damping-off,
wilting, root and collar rots, cankers, leaf diseases, thread
blights and gall formation.

Damping-off is the rotting of seeds and young
seedlings at soil level (Hawksworth ef al. 1983) and is
in most cases caused by seed-borne fungi (Hong 1981a,
Lee and Manap 1983, Pongpanich 1988, Elouard 1991,
Elouard and Philip 1994). Collar rot, root rot and wilting
(loss of turgidity and collapse of leaves (Hawksworth et
al. 1983)) are mainly caused by Fusarium species
(Foxworthy 1922, Thompson and Johnston 1953, Hong
1976, Lee and Manap 1983, Elouard, 1991, Elouard and
Philip 1994).

A canker is a plant disease in which there is sharply-
limited necrosis of the cortical tissue (Hawksworth et
al. 1983). Though most of the time stem cankers are not
lethal, they still can be harmful decreasing the strength
of the stem and causing it to fracture. Root and collar
cankers can affect the vascular system of the plant and
eventually result in plant death by wilting (Spaulding
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1961, Elouard unpublished). Schyzophyllum commune
has been reported as causing die-back of young saplings
of Shorea robusta, cankers caused by frost or fire
providing the route of entry. The fungus, once established,
attacks the living sapwood killing the stem beyond the
scars, and it progresses both up and down the stem
(Bagchee 1954).

Various fungi cause leaf diseases, an infection of
leaves characterised by spots, necrosis and leaf fall
(Hawksworth ef al. 1983), and most of them belonging
to Imperfect Fungi (Deuteromycetes). In most cases,
growth of seedlings and saplings is not affected, except
when large spot areas (dead and necrosed cells)
significantly reduce the leaf area for photosynthesis. The
weakened plant becomes more susceptible to pathogen
and pest attacks, or is less competitive with other
seedlings and saplings in natural stands. Ultimately, the
leaf becomes completely necrosed and dry and falls. On
seedlings and young saplings, the defoliation can
eventually lead to death (Hong 1976, Mridha ef al. 1984,
Charlempongse 1988, Harsh et al. 1989, Elouard 1991,
Zakaria personal communication, Elouard unpublished).
Some fungi, such as Meliola sp. develop a dense dark
mat on the leaf surface, sometimes entirely covering the
leaf area. Though the hyphae do not penetrate the leaf
cells, chlorophyll development is hindered (Elouard
1991). An alga, Cephaleuros
(Trentepholiaceae), was also recorded causing leaf
disease on seedlings and saplings in India, Indonesia and
Malaysia and on trees in India (Mittal and Sharma 1980,
Elouard 1991).

Thread blights recorded on dipterocarps are caused
by Basidiomyceteae of the genera Marasmius and
Corticium. There are two kinds of thread blights, white
and dark. The white thread blights are produced by the
development of whitish mycelium sticking on the twigs,
branches and foliar system of the seedlings and saplings.
The black thread blights are horse hair-like and attached
to the host by byssus. The threads do not stick to the
host’s organs except by the byssus, but develop an aerial
network which, when too excessive, can hinder the host’s
development. These fungi were observed in plantation
and natural forests in India, Indonesia and Malaysia
(Symington 1943, Bagchee 1953, Bagchee and Singh
1954, Spaulding 1961, Smits et al. 1991, Elouard 1991,
Elouard unpublished).

Gall formation on shoots of seedlings and saplings
has been described in Shorea javanica plantations in Java

virescens
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(about 60% of the seedlings affected), man-made
dipterocarp forests of Sumatra and on Shorea spp. and
Upuna borneensis (100% of the plants affected in
nursery) in Kalimantan (Ardikoesoema 1954, Torquebiau
1984, Smits et al. 1991). This gall formation is
commonly attributed to a bacterium, Agrobacterium
tumefaciens. According to Smits et al. (1991), the
youngest leaf remains smaller than the leaves developed
before infection, subsequent leaves no longer develop
from the top shoot and all buds in the zone with green
leaves produce side buds. This process continues until a
dense clump of tiny shoots is produced at the buds’
positions but without development of any normal shoots
from these clumps. The plant growth is then stopped. An
insect is suspected to be the vector for this bacteria
(Torquebiau 1984, Smits et al. 1991).

Trees

About 150 fungal species have been recorded on trees,
mainly causing rots and decay. In addition, leaf damage,
flower necrosis and cankers were also reported.
Parasitic plants of the family Loranthaceae have severely
damaged Shorea robusta in India.

Leaf disease on trees is harmful if the damaged area
covers a large area of the foliar system. The fungal leaf
diseases are mainly caused by species of Asterina,
Capnodium, Cercospora, Colletotrichum
(Thirumalachar and Chupp 1948, Bagchee 1953, Bagchee
and Singh 1954, Chaves-Batista et al. 1960, Spaulding
1961, Bakshi et al. 1967-1972, Elouard 1991).

Cankers and rots were recorded on various
dipterocarp species in Peninsular Malaysia, Thailand,
Singapore, Indonesia and India (Bagchee 1954, 1961,
Bagchee and Singh 1954, Bakshi 1957, 1959, Bakshi et
al. 1967, Panichapol 1968, Hong 1976, Charlempongse
1985, Kamnerdratana et al. 1987, Corner 1987, 1991,
Elouard 1991).

Few fungal species are able to attack healthy trees.
Aurificaria [Polyporus] shoreae, a fungus only reported
on Shorea robusta, is capable of infecting healthy and
uninjured roots, causing root rot and bark and sapwood
decay. The disease results in top die back and death of
trees (Bakshi and Boyce 1959). Most of fungal species
are secondary parasites infecting the trees through
wounds and are distinguished from the primary parasites
which produce active root and stem rot. According to
Bagchee (1954), at least 24 species of Hymenomycetes
behave as facultative parasites of Shorea robusta.
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Infection by heart-rot fungi on hardwood trees occurs
through initial injuries caused by human activities (e.g.
tapping), fire, drought, frost and other mechanical causes.
These fungi establish themselves when the trees are
either young or overmature. Most of these fungi live as
saprophytes in jungle slash and become parasites when
conditions for infection are favourable (Bagchee 1954).
Trees with heart-rot can exhibit all the outward signs of
healthy and vigorous growth. Heartwood is progressively
decayed with age. Heart-rot in Shorea robusta can cause
much loss of timber (e.g., 9-13%, with nearly 73% of
the trees infected) (Bakshi et al. 1967). Bagchee (1954)
reported that nearly 80% of trees with deformities have
fungus-rot in their stems. Of Shorea javanica trees
tapped for resin in Sumatra, 10% showed carpophore
development on their trunks, indicating advanced
infection (Elouard 1991). The fungi entering through the
butt-scars and causing root damage contribute to
windthrown trees (Bakshi and Boyce 1959). Infection
by rot fungi is more frequent in the suppressed trees in
overcrowded forests than in the trees of thinned coupes
(Bagchee 1954).

Flower destruction and seed abortion may be a
serious problem for seed production under forest
management. However, there has been little research, and
the only record is Curvularia harveyi on Shorea
pinanga in Indonesia (Elouard 1991).

Parasitic plants, belonging to Loranthaceae, were
observed on Shorea robusta in India and Bangladesh
(Davidson 1945, Singh 1954, Ghosh 1968, Alam 1984)
and on S. obtusa in Thailand (Charlempongse 1985). The
parasites caused serious damage although the trees did
not die (Davidson 1945, Alam 1984). The trees tended
to form epicormic branching in some of the older
plantations. The only method of controlling infestations
of Loranthus appears to be eradication by lopping in the
cold weather (De 1945).

Forest Products

Diseases on forest products are primarily wood decay
and staining fungi (Bagchee and Singh 1954, Banerjee
and Sinhar 1954, Sivanesan and Holliday 1972, Hong
1980a, b, Shaw 1984, Balasundaran and Gnanaharan 1986,
Supriana and Natawiria 1987, Kamnerdratana et al.
1987). Most of them belong to the Basidiomyceteae and
can be categorised as white rot, brown rot and soft rot.
In white rot, both lignin and cellulose are attacked. In
brown rot, cellulose and hemicellulose are attacked while
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lignin remains unaffected. In soft rot, cellulose is
removed like brown rot but the mechanism of action on
cell walls is different. The fungi causing soft rot belong
to Ascomycetes and Fungi Imperfecti and are restricted
to hardwoods (Supriana and Natawiria 1987). Decay of
timber occurs mostly after felling, on wood in service
and on industrial wood products. Likewise, on logs and
poles an important number of wood decay fungi have been
identified and control methods investigated. Most of
these fungi are weak pathogens, though some can also
infect living trees, e.g., Hypoxylon mediterraneum
recorded both on trees and wood attacking Shorea
robusta trees and hastening their death or preventing
recovery (Boyce and Bakshi 1959).

Decay fungi affect boats (Premrasmee 1956, Savory
and Eaves 1965) and wall framing (Singh 1986). One of
the most common decay fungi is Schyzophyllum
commune recorded in India, Indonesia, Thailand and
Philippines (Bakshi 1953, Bagchee and Singh 1954,
Mizumoto 1964, Supriana and Natawiria 1987,
Charlempongse 1985, Quiniones and Zamora 1987).

Various dipterocarp species, Shorea elliptica, S.
hypoleuca and S. laevis are highly resistant to
Chaetomium globosum (soft rot) and Trametes
[Coriolus] versicolor (Takakashi and Kishima 1973) and
Shorea siamensis is extremely durable against
Coniophora cerebella, Trametes [Polystictus]
versicolor and Daedalea quercina (Bavendam and
Anuwongse 1967). Shorea guiso, Hopea parviflora and
Vateria indica proved to be resistant to several fungal
species (Moses 1955, Balasundaran and Gnanaharan
1986). Veneer-faced, low-density particleboards
including Shorea particles, tested for its resistance
against Tyromyces palustris and T. versicolor proved to
be resistant (Rowell et al. 1989).

Treatments, heating, fumigants, Wolman salt, ascu and
borax, boliden K-33 and tanalith C. were tested on various
wood species against decay fungi. Copper-chrome-
arsenic (CCA) is the most widely used preservative in
Malaysia for wood protection, but organotins are better
since they have a higher fungicidal activity, provide a
higher protection against the marine toredo worm, are
less toxic towards mammals and more easily degradable
(Hong and Khoo 1981, Hong and Daljeet-Singh 1985).

Wood staining fungi infect logs in logging areas and
freshly sawn timbers in saw mills. A large amount of
money is spent each year on preservatives to overcome
this problem of staining (Hong 1981b). The staining does
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not reduce the strength of timbers but degrades their
quality and value (Thapa 1971, Hong 1980a, b). Stains
can be caused by moulds, resulting in superficial staining
easily brushed or planed-off, and sap-staining fungi
(‘blue-stain’), producing deep penetration stains. The
most common are Diplodia spp., Ceratocystis spp. and
Lasiodiplodia [Botriodiplodia] theobromae (Supriana
1976, Hong 1980a, b, Charlempongse 1985). For
prevention and control of stain, it is best, when possible,
to process the felled timber within 1 to 2 weeks.
Otherwise, chemical treatment is the only way, and the
cut ends of logs should be immediately treated. The
chemicals most effective against black stain and mould
include the salts of chlorinated phenols (e.g. sodium salt
of pentachlorophenol, SPP), and organic mercury
compounds. These chemicals, effective against stains,
have a low efficiency on green moulds (Hong 1980a,
1981D).

Physiological Disorders

Very few studies have been conducted on physiological
disorders such as frost, drought, poor drainage and fire
damage, except in India on Shorea robusta (Davis 1948,
Ram-Prasad and Pandey 1987, Raynor ef al. 1941,
Griffith 1945, Anon. 1947, Bagchee 1954).

A review of the adverse factors that probably combine
to cause serious dieback of Shorea robusta in Uttar
Pradesh (India) was made by Ram-Prasad and Jamaluddin
(1985) including deficient and erratic rainfall, low
retention of soil moisture, nutritional imbalance of the
soil, over-exploitation, unregulated grazing, fire and
excess of removal of fuelwood.

Mortality of Shorea robusta seedlings and young
saplings due to frost was mentioned (Davis 1948, Ram-
Prasad and Pandey 1987, Raynor ef al. 1941 Griffith
1945, Anon. 1947, Bagchee 1954). Frost initiates canker
in advanced trees usually on the border of the forest
facing the open lands and on the banks of perennial
streams where the precipitation is heavy as dew or hoar
frost (Bagchee 1954). Radiation frosts, creating
frostholes by convection currents, kill saplings, create
cankers providing the route of entry for heart-rot fungi
and produce a moribund type of Shorea robusta which
ultimately becomes the object of attack by many
parasitic fungi and pests.

Drought is also an important cause of S. robusta
mortality (Pande 1956, Seth et al. 1960, Gupta 1961,
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Ram-Prasad and Jamaluddin 1985, Khan ef al. 1986). In
Malaysia, Tang and Chong (1979) have reported a
‘sudden’ mortality of Shorea curtisii seedlings due to
moisture stress. In India, Bagchee (1954) mentioned that
the roots of Shorea robusta must be in the region of
permanent water zone in order to be healthy. On the other
hand, Yadav and Mathur (1962) reported excess water
accumulation during the rainy season caused mortality
of S. robusta seedlings by development of white slimy
growth on the roots and Sharma et al. (1983) reported
deaths due to poor drainage.

Fire, often of anthropogenic origin, can damage S.
robusta (Joshi 1988, Ram-Prasad and Jamaluddin 1985,
Sinha 1957, Bagchee 1954, Bakshi 1957). It results in
deformity and other injuries to the immature trees such
as burrs, galls, tumourous knots, cankers, and heart-rot
fungi entering through wounds.

Management Aspects

There are few practical management methods directly
available to foresters against pests and diseases attacks
in mature dipterocarp trees. Concerning pests, the main
record is the ‘tree-trap’ technique set up in India for
reducing the population of Heterocerambyx spinicornis.
Regular surveys of insect populations in forest
plantations can help monitor the health conditions of the
trees, and some insect species (Buprestidae,
Bostrichidae, Cerambycidae, Scolytidae) are indicators
of sickly trees (Stebbing 1914, Beeson 1941). So forest
managers can identify which trees, providing shelters for
insect breeding, should be removed to avoid a massive
infestation of trees and logs. The infection by heart-rot
fungi on trees can be reduced by removing the dying and
dead trees and burning them. The danger is more
important if the tree bears fungal fruiting bodies and is a
source of infection (Bakshi 1956a, b). The well-known
technique of digging trenches around the infected areas
to isolate the infected roots and soil area can also be
applied.

Bakshi (1957) suggested lowering the felling age of
the trees in forests with a high incidence of heart-rot
and to avoid coppicing from infested stumps. Heart-rot
in the coppice standards due to Phellinus caryophylli
and P. fastuosus is transmitted by grafting healthy roots
with diseased ones or with decayed woody parts
embedded in the ground. The disposal of slash should be
a routine measure for protection of the stand against fire
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and as a special treatment against the decay organisms
and pests which grow and breed in the slash (Bagchee
1954).

The infestation by mistletoes can be controlled by
lopping before the ripening of the fruits and their
dispersion by birds (De 1945).

The service life of treated wood has been estimated
to be six times more than that of untreated wood. Greater
utilisation of preservative treated wood would lessen the
demand for timbers. An efficient conservation
programme could therefore be implemented (Hong and
Daljeet-Singh 1985).

Research Priorities

Pest and disease problems are going to play an important
role in enrichment planting and establishment of forest
plantations. As forest exploitation continues, the natural
balance of pest and diseases in the forest ecosystem will
be disturbed. Pathogens and pests are likely to play an
important role in a wide variety of ecological and
evolutionary phenomena. There is a need to formulate a
good pests and diseases management programme, both
at national and regional levels, with identification of
priorities and to support the development of technology
and capacity to face pests and diseases. Forestry pests
and diseases on dipterocarps occur in six major
categories: seed storage, nursery problems,
establishment problems, chronic and sporadic problems,
wood destruction and fruiting and seedling survival in
natural stands.

The main constraints on dipterocarp pest and disease
research are shortage of trained staff, lack of cooperation
among scientists and institutions working on pests and
diseases in Asia, inadequate funding and infrastructure
facilities, high cost of pest and disease identification,
lack of information on the economic effects of pests in
plantation forestry, and the need for more contacts
between researchers, foresters and staff of timber
companies.

Future research should therefore include the following

aspects:

1. Seed destruction and fungal infection during storage
Although the main insect predators and pathogenic
fungi have been identified, emphasis is needed on
controls, their application, effectiveness and impact
on seed germination and seedling development.
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Chemicals as well as biological controls should be
tested.

. Pest and diseases in nursery

Except for major epidemics, attacks and infections
can be managed by chemicals and cultural practices.
Nevertheless, control methods need more systematic
study. Biological control can also be considered as a
preventive method: soil-borne fungi such as
Trichoderma and Gliocladium species can be used
as antagonists to soil-borne pathogens and cultured
in the seedling beds.

. Pest and diseases during establishment of seedlings

and saplings in plantations and exploited forests
Since enrichment planting and forest plantation
involve investment, failure of establishment can be
economically devastating. Special attention has to be
given to pests and diseases of dipterocarp seedlings
and saplings. Shoot destruction can become a serious
problem for forest management as it induces the
formation of lateral and multiple leaders. Chemical
control is not practicable in large forest areas and
other methods need investigation. Prevention can also
be assisted by dipterocarp species mixture and
diversity.

. Defoliation and heart-rot problems

Damage assessment systems for defoliation and
heart-rot and their economic impacts are required,
as well as the study of biology and ecology of the
pests and pathogens. Pathogens have a major
influence over forest reforestation methods and
breeding programmes (Augspurger 1990). Chronic
and sporadic pest and disease problems need to be
more systematically studied and their economic
losses fully quantified.

. Fruit and seedling pest and diseases

More studies on pests and diseases related to fruiting
and seedling survival should be conducted to better
understand fruiting and dispersal strategies, seedling
survival, management and selection of the mother
trees, and ability to resist pathogens and pests.

. Insect and fungal population

Studies on insect and fungal population ecology and
dynamics are also essential for the conception of a
good pest and disease management programme as
well as a search for resistant individuals (mother-
trees).

. Revision of the insect taxonomy

The long lists of identified insect pests in literature
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refer to the old taxonomic classification. Still many
insects have not been identified beyond genus. A
thorough revision of the insect taxonomy needs to
be conducted. A taxonomy training programme for
Asian research staff will help to reduce costs and
update laboratories’ data-bases and collections.
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Management of
Natural Forests

S. Appanah

The view that it is not possible to manage natural forests
in the tropics for their timber has its adherents.
Considering the widespread failures in many countries,
such a view is conceivable. A review by International
Tropical Timber Organization estimated that only an
insignificant amount of the world’s tropical moist forests
is sustainably managed (Poore 1989). Fortunately,
numerous reports suggest otherwise for some
dipterocarp forests of Asia. The state of tropical forest
management worldwide is in such a quandary that any
success, however meagre, requires close examination.
Such a success may provide the flicker of hope that is so
urgently needed in our efforts to save these tropical
forests.

The dipterocarp forests in the perhumid zone of Asia
form the cradle for a considerable proportion of life
forms found on Earth. It is arguable that the only effective
way to preserve a sizable portion of this biodiversity will
be through effective management, including production
of timber and other valuable products.

Fortunately, history is on the side of dipterocarp
forests. The origins of scientific tropical forest
management began in Asia, particularly in British India
around the mid-19th Century. Together with teak, the
dipterocarp forests were among the first tropical forests
to be managed. The Indian experience formed the basis
for management in the Malayan realm (Hill 1900). The
conditions for management have changed considerably
since then, but the experience and understanding gained
form an excellent basis for developing appropriate
management regimes for tropical forests.

Forest Composition, Distribution and
Structure

Although the family Dipterocarpaceae is presently
recognised pantropical, with three subfamilies

Chapter 8

Monotoideae (Africa, Colombia), Pakaraimoideae
(Guyana) and Dipterocarpoideae (Asia), it is the last
subfamily that is of significance as a timber group
(Ashton 1982). The present review will be confined to
the Asian subfamily. It comprises 13 genera and some
470 species, distributed from the Seychelles in the west
to Papua New Guinea to the east. In Chapter 1 more
details on the taxonomy, distribution and diversity of this
subfamily are given (see also Champion 1936, Symington
1943, Ashton 1980, 1988).

Dipterocarps are limited to tropical climates with a
mean annual rainfall exceeding 1000 mm, with only short
dry spells. The Asian dipterocarp forests can be divided
into two basic zones, viz. the Moist Tropical Forests and
the Dry Tropical Forests (Champion and Seth, 1968,
Collins et al. 1991). Within these two basic moist and
dry tropical forests, four forest types can be distinguished
(Table 1).

Our knowledge of these forests, especially the
distribution of dipterocarps within them is incomplete.
This is particularly the case with forests of Indochina
and southern China. Under these circumstances, and for
the sake of brevity, the presentation is simplified to three
groups of dipterocarp forests, viz. the Dry evergreen
dipterocarp forests (Dry tropical forests), Seasonal
evergreen dipterocarp forests (Tropical semi-evergreen
and Tropical moist deciduous forests), and the Aseasonal
evergreen dipterocarp forests (Tropical wet evergreen
forests). Some information on their distribution and
structure is given below.

Dry Evergreen Dipterocarp Forests

These forests are found in Central and East India, Burma,
Thailand and Indo-China. The forests are dry, with less
than 2000 mm of annual rainfall and a dry season of 3 to
5 months. The forests are medium in stature, with an even
canopy and no emergents. Shorea robusta (Indian sal)
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Table 1. Classification of Asian dipterocarp forests (after
Champion and Seth 1968, Collins et al. 1991).

I.  Moist Tropical Forests:
1. Tropical wet evergreen-
la. Evergreen dipterocarp-

Malaysia, Sumatra, Kalimantan, Irian Jaya,
Maluku (part), Papua New Guinea, Sri Lanka
(part), Peninsular Thailand, Tenasserim,
Andamans and Nicobar (part), Philippines
(part), Laos, Cambodia, Vietnam (part)

1b. Secondary dipterocarp (seral)-
Malabar coast
2. Tropical semi-evergreen-

North Thailand (part), Chittagong, Laos,
Cambodia, Vietnam (?) (part)

3. Tropical moist deciduous-

Maluku (part), Palawan (part), Zambales
mountains in Luzon, W. Mindanao

Moist sal- Terali, E. slopes of W. Ghats, Chota
Nagpur, Upper Burma, Assam (part)

Il. Dry Tropical Forests:

4. Tropical dry deciduous (forests heavily degraded)-
Dry sal- Western India, Burma (part)
Indaing- Irrawaddy plains (part)

is the well known species of this zone. Sal occurs in the
Himalayan foothills from northwestern Himachal
Pradesh to central Assam and south to Tripura. It also
spreads south along the eastern part of India up to Andhra
Pradesh. Where sal occurs, it is the only dipterocarp in
the forest. These forests also have five other
dipterocarps, the majority of which are confined to the
Indo-Burma community. The Indo-Burmese species
include S. obtusa, S. siamensis, Dipterocarpus
obtusifolius, D. tuberculatus and D. intricatus. Many
of them occur as single species or codominant stands.
These dipterocarps have thick bark and are fire tolerant.
Today most of these forests have become more open as
a result of browsing of young regeneration by cattle and
felling.

Seasonal Evergreen Dipterocarp Forests

These forests are distributed north and east of the everwet
Malesian region of Malaya, Borneo and Sumatra. They
are found in places that experience a short but regular
dry season. The forests occur in western and southern
parts of Sri Lanka, western Ghats of India, the Andaman
Islands, eastwards from Chittagong (Bangladesh) to
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southernmost Yunnan and Hainan (China), and southwards
to Perlis, northwest of Peninsular Malaysia. In the
eastern parts of Malesia they occur again, in parts of
Sulawesi, the Moluccas, Bali, Lombok and New Guinea.
Only about a 100 species of dipterocarps are found in
this formation. They occur in the mature phase of the
forest, with no single species dominating the canopy.
About half of the canopy layer may consist of
dipterocarps. They tend to be found in gregarious stands,
and some like Anisoptera thurifera act like pioneers,
colonising sites that were cultivated. Details of the
species found in these forests are found in Ashton
(1982), Champion and Seth (1968), Chengappa (1934),
Rojo (1979), Smitinand et al. (1980), Vidal (1979),
Johns (1976) and others.

Aseasonal Evergreen Dipterocarp Forests

These are the forests that occur in the perhumid climate
of Malesia, with rainfall over 2000 mm annually, and no
pronounced seasonal water stress. These forests are
found all the way from southwestern Sri Lanka,
Peninsular Malaysia, Sumatra, Borneo, and the
Philippines. Similar but somewhat poorer forests can be
found in Irian Jaya in the east. The vast majority of the
dipterocarps, over 400 species, occur in this formation,
with Borneo having the biggest share. A complete list of
the Malesian species is given in Ashton (1982). The trees
dominate the emergent layer of lowland and hill forests,
but this is not the case in Irian Jaya where the dipterocarps
mainly make up the canopy species. Besides the lowland
and hill species, there are dipterocarp-dominated
montane formations, as well as several species adapted
to heaths, coastal hills, limestone cliffs, peat swamps
and freshwater swamp forests. Dipterocarps may
constitute between 50-60% of the emergent stratum in
the rich lowland formations, but under optimum
conditions, the trees may make up 80% of the emergent
individuals and occur as gregarious or semi-gregarious
populations.

Natural Regeneration

Dry Evergreen Forests

The best known dipterocarp forests of the dry zone are
the sal forests of India. Sal fruits annually, with heavy
fruiting at intervals of 3 to 5 years (Champion and Seth
1968). The flowering begins during the dry period, and
the fruits mature with the rains. A mature sal can produce
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about 4000 viable seeds in a good year (Champion and
Pant 1931), and the seeds germinate within a few days.
Sal seedlings are shade tolerant and establish better under
the crowns of other trees. Seedlings are able to coppice
and also develop a deep taproot. They are thereby able
to withstand ground fire and cattle browsing.

Other dipterocarps of this formation are believed to
regenerate like sal. All flower during the dry season, and
fruit with the onset of rains. A light ground fire before
seed-fall assists seedling establishment. Among some
species, seedling establishment seems rare in nature
(Blanford 1915), and regeneration is principally by
coppicing. Mature trees are known to coppice readily
following injury.

Seasonal Evergreen Dipterocarp Forests

The dipterocarps of this formation belong to the mature
phase of the forest. An exception is Anisoptera thurifera
in Papua New Guinea which can establish in cultivated
areas (Johns 1987). The regeneration of the dipterocarps
in these forests resembles that of the sal in many ways,
except for the role of fire. Dipterocarp populations
flower almost annually, but flowering is only heavy at
intervals of 3-4 years (Chengappa 1934). The fruits are
heavily predated by insects, birds and mammals, and
seedling survival is poor. In some genera like
Dipterocarpus, many years may pass without a single
seedling becoming established. They also lose their
coppicing ability after the sapling stage. Overall, the low
seedling survival and the early loss of coppicing ability
makes it difficult to regenerate these forests after
exploitation.

Aseasonal Evergreen Dipterocarp Forests
The regeneration of dipterocarps in these forests has
been relatively well studied. The dipterocarps have a
unique flowering characteristic - they flower at supra-
annual intervals of 2 to 7 years, and the event may be
widespread covering sometimes the whole region
(Ridley 1901, Foxworthy 1932, Ashton 1969, reviewed
by Appanah 1985). Whole forests may burst into
flowering synchronously. It is not limited only to the
dipterocarps though, and many other canopy and
emergent species also participate in the flowering. Some
localised flowerings also occur almost every year.
During heavy flowering years, each mature
dipterocarp may set up to 4 million flowers, and this
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results in as many as 100,000 mature fruits. Much is
lost to insects, birds and mammals. The ripe fruit fall
somewhat synchronously, however, the winged fruits are
not dispersed far from the mother trees. The dipterocarp
seeds lack dormancy, and germinate soon after falling.
Once established, seedling populations decline slowly
only as a result of inadequate light conditions and
aperiodic droughts. Growth is rapid if they are exposed
to direct light (Wyatt-Smith 1963, Fox 1973). Among
the dipterocarps, light demanders and shade tolerant
species can be differentiated. Both grow rapidly where
there is higher light intensity, but the latter species can
survive longer under poorer light conditions, and in
general they are the slower-growing heavy hardwoods.
In contrast to dipterocarps in the other two formations,
coppicing ability of the species in the everwet forests
is limited, and ceases beyond the pole stage. The
population structure is not the typical reverse-J shape,
with the density of sapling-and pole-size dipterocarps
generally low in mixed dipterocarp forests. However,
this appears to be not so in some of the dipterocarp-
rich forests in the Philippines.

Silvicultural Systems

A number of silvicultural systems have been developed
for the long-term management of tropical forests, many
with dipterocarps as the main crop. The silvicultural
systems go by a bewildering number of technical names,
but they can be broadly divided into Shelterwood
(monocyclic) Systems and Selection (polycyclic)
Systems. The situation for dipterocarps forests have
been reviewed variably (e.g. Wyatt-Smith 1963, 1987,
FAO 1989, Stebbing 1926, Chengappa 1944, Nair 1991,
Weidelt and Banaag 1982, and others).

Simply stated, the Shelterwood System attempts to
produce a uniform crop of trees from young
regeneration through both heavy harvesting and broad
silvicultural treatments. A new even-aged crop is
established by applying preparatory and establishment
cuttings to natural regeneration (i.e. seedlings and
saplings) of the desired trees. At an appropriate time
the remaining overstorey is removed.

The Selection System aims to keep an all-aged stand
through timber cuttings at shorter intervals. Many light
cuttings are made. Seedlings will become established
in the small gaps. Under this system, two or more less
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intensive harvests are possible during one rotation, while
in the Shelterwood System all marketable stems are
removed at one cutting.

A variety of silvicultural systems have been tried out
on dipterocarp forests, depending on markets,
technological changes, landuse patterns, harvesting,
regeneration, labour costs, etc. These have met with
varying success. The systems in operation in India,
Malaysia, Philippines and Indonesia described as forest
management practices are well documented in these
countries.

India

The seasonal evergreen and dry evergreen forests have
been managed under the Selection System. Here it can
be summarised as selective felling of exploitable trees
from an area at periodic intervals, under the following
circumstances: i) in mixed forests where utilisable
species are few; ii) in areas that are difficult to access;
and iii) in hilly terrain where heavy logging is
environmentally bad.

Trees of specific girth are removed at 15 to 45 year
cutting cycles, calculated from growth rates. Some
safeguards are introduced such as: a 20 m minimum
distance between trees earmarked for felling; climber
cutting to reduce logging damage; protection buffers for
riversides; and only harvesting dying and dead trees in
steep areas. Treatment is carried out to assist natural
regeneration, and planting is prescribed for under-
stocked areas. Many of the prescriptions are not met for
several reasons: plantings are inadequate and damage to
residuals excessive (FAO 1984). Over time, felling
cycles have been reduced, girth limits lowered, and more
species exploited.

Shelterwood Systems

Shelterwood Systems were introduced when it became
necessary to harvest more intensively some valuable
forests, and regeneration was not assured under the
selection system. The variants usually applied here are
the Indian Irregular Shelterwood System, Uniform
System and the Coppice System.

1. Indian Irregular Shelterwood System

Both seasonal evergreen and sal forests are managed
under this system. First, all trees above exploitable
diameter are removed. If advanced growth is lacking,
mother trees are kept. Next, the underwood and
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overwood are removed periodically until regeneration
becomes established. Finally, the remaining underwood
and overwood is removed, except those forming future
crops. All these are done over a rotation of 120 years. In
addition, girdling, thinning, weeding, climber cutting and
artificial planting are carried out as needed.

Lack of regeneration, especially for sal forests,
appears to undermine the Irregular Shelterwood System
(FAO 1989). Plantings have been tried at cost. This has
not kept to schedule, and there is a temptation to reduce
rotation length and exploitable girth limits.

2. Uniform System

In high value sal forests, the Uniform System has been
tried. All overwood is removed at one clearfelling, and
regeneration is allowed to grow up. No regeneration
fellings are conducted, however, and so the system has
to rely on pre-existing seedlings. The rotations are
between 120 to 180 years for sal. But demand for timber
is high and rotations have been shortened.

When natural regeneration is abundant, the overwood
is cut completely. Groups of poles are sometimes kept
as future crop trees if regeneration is poor. Where
regeneration has not established, suppressed trees are
retained to control weed growth. Steep slopes and eroded
areas are not heavily felled. Cutting and thinning are
prescribed for improving regeneration. The system
should work if adequate natural regeneration can be
secured. In the event it is poor, artificial regeneration
has been resorted to.

3. Coppice Systems

A few variants of the Coppice Systems have been
introduced for sal forests. The systems depend on shoots
emerging from the cut stumps. Coppicing vigour declines
with age and so short rotations are necessary. It is mainly
suitable for firewood and small timber production. To
produce fuelwood, a rotation of 30-40 years is used.
Felling is done before the growing season, the area is
protected from grazing and fire, and cleaning is done to
remove excess coppice shoots and climbers. Over time,
with decline in coppicing vigour, stump mortality
increases. Seedling regeneration helps to compensate
this loss, but seedlings are scarce because of grazing
pressure. This has led to stand degradation. Variations to
the system involve retention of seed trees for producing
seedlings (see Tiwari 1968). Overall, the system has
succeeded where biotic pressure is kept low.
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4. Clearfelling System

This system is used when there is a need to change the
composition of the crop to a more valuable species. The
restocking is through natural or artificial regeneration,
the latter used to introduce a new species or to change
the forest composition. As a consequence, the more
valuable teak is introduced into sal forests. The trend is
to convert most of these forests into plantations, making
the future of sal forests uncertain.

Peninsular Malaysia

Forest Management Systems

Forestry in the modern sense was started in 1883 with
the establishment of the forestry service. Prior to
introduction of forest management, logging was very
selective, principally limited to the heavy hardwoods
(mainly several dipterocarp secies), and only about 7m?/
ha was taken out (Barnard 1954). Silvicultural operations
were limited to enrichment plantings of the heavy
hardwood, chengal (Neobalanocarpus heimii), which
failed from lack of further tendings. But the demand for
timber increased, leading to over-exploitation of the
select timbers. This prompted the authorities to develop
a series of silvicultural systems.

1. Regeneration Fellings

In the beginning (1910-1922) Departmental
Improvement Fellings were implemented. All species
whose crowns interfered with the poles of any valuable
timber species were removed. It was subsequently
realised that such treatments had no impact on the
immature trees. However, they resulted in profuse young
regeneration (Hodgson 1937). The improvement fellings
had in fact been regeneration fellings. After 1932,
Regeneration Improvement Fellings (RIF) came in to
vogue. Inferior species were gradually removed over a
series of fellings. If the regeneration was verified as
successful, final felling of the valuable species was
carried out. This in fact resembled the classical
Shelterwood Systems.

2. Malayan Uniform System

As arule, no forests were harvested without first carrying
out RIF. During the Japanese Occupation (1942-1945)
many forests were clearfelled without the benefit of RIF.
After the war, extensive surveys revealed that these areas
contained adequate advanced regeneration without any
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assistance. It was realised that if the forest had adequate
regeneration of the fast growing dipterocarp species, a
single clearfelling release could result in a greater
stocking of a more uniform crop of commercial species.
This became the basis for the Malayan Uniform System
(MUS), which was introduced in 1948 for managing
Lowland Dipterocarp Forests (Wyatt-Smith 1963).

A detailed silvicultural system was developed (Wyatt-
Smith 1963). It consists of felling the mature crop of all
trees above 45 cm dbh, poison girdling all defective
relics and non-commercial species down to 5 cm dbh,
and releasing established seedlings. Seedling adequacy
and suitable tendings underpinned the success of MUS.

3. Modified Malayan Uniform System

In the mid-1970s, most of the lowland dipterocarp
forests were alienated for agricultural programmes, and
forestry was confined to the hills and rough terrain
unsuitable for agriculture. Under these new conditions
it was considered difficult to apply the MUS. The
principal problem was the lack of uniform stocking of
natural regeneration. It was thought that enrichment
planting could overcome this deficiency (Ismail 1966).
This allowed all forests to be opened up for logging,
regardless of adequate seedling stocking, a prerequisite
with MUS. Planting up understocked areas was carried
out in the beginning, but their performance was very
variable and unsatisfactory. Now, artificial regeneration
is rarely carried out, or the practice is abandoned entirely.

4. Selective Management System

In the late 1970s, the Selective Management System
(SMS) was introduced. This is a simplified version of
the Philippine Selective Logging System (see Appanah
and Weinland 1990). The MUS was already discarded
for working in the hillier terrain, and the modified-MUS
proved unsatisfactory. The felling regime is formulated
on the basis of a pre-felling inventory. All commercial
tree species above a certain size (ideally non-
dipterocarps, 45 cm dbh; dipterocarps, 50 cm dbh) are
felled, provided a sufficient number of residuals are left
behind to form the next cut in ca 30 years (Thang 1987).
Therefore the SMS relies on adequacy of healthy
residuals which will respond to the cutting release for
the next cut some 25-30 years later. Seedling stocking
is assumed to be present, or will be replenished by the
maturing residuals. The SMS is regarded as more flexible
for managing the highly variable forest in the hillier
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terrain. In situations where it is not economically
equitable for the logger, the modified-MUS is prescribed
which imposes an arbitrary diameter of 45 cm dbh for
felling on a rotation of 50 years.

Sabah

Silviculture in Sabah followed a path similar to
Peninsular Malaysia. In the early 1930s, RIF were tried
on a limited scale (Fox 1968). In 1949 the Selection
Improvement Fellings were introduced, to assist the
pole-size trees of 10 cm dbh and above in areas logged
15 to 25 years before (Martyn and Udarbe 1976). The
method involved poison-girdling non-commercial
species and climber cuttings.

In 1956 a modified version of the MUS was
introduced for forest regeneration (Chai 1981). The
canopy was opened after felling by poison-girdling all
non-commercial species as well as defective trees of
commercial species down to 15 cm dbh. The next crop
is expected to come from seedlings, and advance growth
will be a bonus. This system became the standard
regeneration technique for dipterocarp forests in Sabah.

This modified MUS underwent further changes in
1971 to become a minimum girth limit system, the so
called Stratified Uniform System (Chai and Udarbe
1977). In this refinement, the advance growth for the
next crop is kept. The main elements of the system
include marking 25 preferred or desired trees/ha (25-
59 cm dbh) for retention, and poison girdling unwanted
and defective trees. Climber cutting and girdling of seed-
bearers and relics is done in the 15th year.

Later, Chai and Udarbe (1977) expressed doubts on
the value of the girdling practices. They argued that since
logging intensity is high, much of the forest gets released
anyway without further treatment. Since then, only
climber cuttings are meant to be done. Furthermore,
girdling of weeds or non-commercials has been stopped
on account that such plants may become commercial in
the future, and moreover, the operation may be harmful
to the ecosystem.

Sarawak

The timber industry in Sarawak relied mainly on
extensive peat swamp forests, and moved into the hill
forests only in the late 1960s. Coming so late, Sarawak
tended to follow the systems developed in Peninsular
Malaysia (Lee 1982). At first the forests were selectively
logged. The relics left behind were defective and inferior,
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and seedlings/saplings unlikely to reach maturity before

70-80 years.

As a result, three UNDP/FAO projects (1974-1981)
were started to provide interim guidelines for managing
Sarawak’s dipterocarp forests (FAO 1981a, b). The study
evaluated three different treatments:

1. Overstorey removal only - All overmature non-mar-
ketable trees left behind during harvesting were re-
moved by poison-girdling.

2. Malayan Uniform System evaluated - Following log-
ging, all other non-economical trees, which impeded
growth of the seedlings were removed. Such a treat-
ment was considered too drastic. The rough terrain
and shallow soil conditions are vulnerable to heavy
erosion. A modification to MUS was tried whereby
the advance growth of the desirable species were
saved. In this way the advance growth may be obtained
even before the seedlings mature, giving in effect a
polycyclic system.

3. Liberation Thinning - Desirable species were identi-
fied, and liberated from competition including re-
moval of the overstorey to improve their growth. No
specific species or species groups were eliminated,
only those that restricted the growth of the selected
trees. Therefore, trees of non-commercial species
were left behind if they did not appear to hinder se-
lected trees.

Mild overstorey release was insufficient to release
the trees of desirable species. Both the Liberation
Thinning and the modified MUS resulted in increased
growth of the residuals (Hutchinson 1979), but the latter
resulted in elimination of a greater number of trees which
could have commercial value in the future. Despite the
potential loss in the future of commercial trees, for a
while liberation thinning held sway in Sarawak as the
appropriate silvicultural treatment (FAO 1981b). It lost
support subsequently, when Lee (1982) suggested that
the boost in initial growth is not sustained, the operations
are difficult, and cannot be kept up with the logging rate.
Since then, Liberation Thinning is being carried out for
a small portion (ca. 4%) of the forest logged annually
(Chai 1984). Otherwise, the practice has reverted to
selective felling based on diameter limits.

Philippines

Scientific management of dipterocarp forests began
during the American Regime. From 1900 to 1942
mechanised timber extraction and processing methods
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were introduced. Following the Second World War, there
was a surge in logging for rebuilding the country, and the
only management control was a ‘diameter limit’ of 50
cm for cutting trees. Despite the limit, mechanisation
of logging led to almost clear-cutting due to high
stocking.

The above ‘diameter limit’ cuttings brought about the
development of the Philippine Selective Logging System
(PSLS), which is a modification of the Selection System
used to manage old growth hardwood forest in North
America. Under this system, 60% of the healthy
commercial residuals in the 20-70 cm dbh classes are
to be retained as growing stock for a future harvest
(Reyes 1968). This has since been raised to 70% of all
the commercial residuals in the 20-60 cm dbh classes.

The selective logging amounts to removing mature,
overmature and defective trees with minimum injury to
an adequate number of healthy residuals of commercial
species to guarantee a future timber crop. Also
incorporated into the system is a timber stand
improvement (TSI) guideline which consists of
treatments before and after the major felling to ensure
the stand attains maximum timber quality and growth
(Uebelhoer and Hernandez 1988). The TSI appears to be
yielding results. Preliminary results indicate that
liberation from crown competition results in increase
in diameter: a removal of 33% basal area, resulted in up
to 10% increase in basal area of crop trees in ten years.

The Philippine forests are generally very rich in
dipterocarps. Therefore, the PSLS is regarded as the best
silvicultural system for their forests. If logging damage
is contained, and residual forests protected and post
logging treatment given, another economic cut is
possible after 30-45 years. While the system looks good,
overcutting and bad implementation has led to
degradation of vast areas of forests. Today, there is
concern for the quality of the second cut.

Indonesia

From historical times, teak forests in Java have received
most interest from silviculturists in Indonesia. After
1966, changes in forest policy took place and the
dipterocarp forests in the other islands were opened for
large scale exploitation. At first it was merely a timber
felling operation. Sustained management efforts began
in the 1970s when a simplified variation of the PSLS
was introduced for lowland dipterocarp forests
(Soedjarwo 1975). The original version, the Indonesian
Selective Cutting System, locally known as the TPI
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(Tebangan Pilih Indonesia), relies on leaving behind an
adequate number (25 stems/ha or more) of sound
commercial species of 20 cm dbh and above. With this
minimum guaranteed, everything above a certain diameter
limit may be harvested. If the putative residuals could be
met, the TPI system allowed for a short felling cycle of
ca 30 years. If these were not present, the option was to
harvest on a Uniform System rotation of ca 60 years.
There was also a further option to clear cut and replant,
although not necessarily with dipterocarps.

Compared to the PSLS, the TPI is a much simpler
system. It is therefore cheaper and easier to monitor.
Liberation thinning is prescribed to release residuals and
nucleus trees for reseeding. Planting of seedlings to
enrich the stand may be carried out if followed by
subsequent tending and liberation thinning.

Pre-felling inventories in Indonesia however suggest
that stands rarely have sufficient residuals of commercial
species (Burgess 1989). Therefore, the second cut may
have to be delayed. The TPI was subsequently modified
to the TPTI (Tebang Pilih Tanam Indonesia) which
resorted to the necessity of planting if the selecting
fellings failed. This resulted from the conviction that it
is possible to easily plant up large areas with
dipterocarps (see Enrichment Planting). Unfortunately,
the impression from this decision is that uncontrolled
logging can be done without serious consequences, as
enrichment planting can overcome the problems. Caution
should be exercised here until evidence for the success
of enrichment planting is clear.

Growth and Yield

One of the biggest difficulties for sustained management
of dipterocarp forests is in getting reliable data on growth
and yield. The data are a prerequisite for determining
harvesting volumes and cutting cycles. In this respect,
there is much scepticism about the growth rates being
used for managing many forests in the region. A quick
glance of the data from the everwet region, based on only
a few sites, gives some clue to how dipterocarps are
growing.

From studies in Peninsular Malaysia, Sabah, Sarawak,
Philippines and Kalimantan, the following
generalisations can be made. In undisturbed, virgin
forests growth rates are relatively much lower compared
to logged ones, and the best growth is achieved in
plantation conditions (e.g. mean growth rate (diameter
increment) of Shorea spp. in Sarawak: primary forest,
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0.82 cm/yr; logged forest, 0.93 cm/yr; plantation, 1.22
cm/yr) (Primack et al. 1989). In any case, among the
commercial species, dipterocarps grow much more
vigourously than non-dipterocarps, by at least 25-35%
(e.g. periodic diameter mean annual increment for Labis
F. R., Peninsular Malaysia: dipterocarps, 0.85 cm/yr;
non-dipterocarp commercials, 0.66 cm/yr) (Tang and
Wan Razali 1981). Among the dipterocarps the light
hardwoods grow faster than the heavy ones (growth rates
in Peninsular Malaysia sample plantation plots: light
hardwood Shorea macrophylla, 2.23 cm/yr; heavy
hardwood Shorea sumatrana, 0.86 cm/yr) (Appanah and
Weinland 1993). Growth rate, expressed in diameter
increment, is lowest with smaller individuals, and
culminates usually in the 50-60 cm diameter classes,
and declines in bigger trees. This pattern of diameter
increment has been seen in the Philippines (Weidelt and
Banaag 1982), Sabah (Nicholson 1965), and Peninsular
Malaysia (Tang and Wan Razali 1981). A sample from
the Mindanao concessions in the Philippines illustrates
the point:

dbh class (cm) cm/yr
10 0.44
20 0.58
30 0.69
40 0.78
50 0.83
60 0.86
70 0.86
80 0.85
90 0.79

Following logging or liberation thinning, the
residuals are known to respond to the release by
increasing their growth rates. In general the increments
were highest in the first years after logging, and declined
slowly, and after about the fifth year the benefits of
release seem to cease (Tang and Wadley 1976).

Site\ Age Year1l Year2 Year3 Year4 Year5

Peninsular 0.72 0.57 0.68 0.67 0.57
Malaysia-
Tekam F.R.

Peninsular 0.63 0.79 0.71 0.63 n/a
Malaysia-
Labis F.R.

Besides, the above, the trees grew faster (mean annual
diameter increment) in plots where more timber was
harvested (plot residual basal area) after logging (Tang
and Wadley 1976):

140

Residual basal area Mean annual diameter

(mzlha) increment (cm/yr)
10-16 0.44
16-22 0.45
>22 0.55

A peculiar behaviour of all tropical trees, including
that of dipterocarps, is the extremely wide range of
growth rates of individual trees even within the same
diameter class. The variation coefficient may reach 70-
100%. This is illustrated in the mean annual diameter
increment for the minimal, maximal and median growth
rates (cm/yr) of Shorea species in primary, liberation-
treated, and plantation forests in Sarawak (Primack et
al. 1989):

Mean annual Primary Liberation Plantation
diameter Forest Felling

increment (cm)

Minimum 0.13 0.16 0.80
Maximum 0.82 0.93 1.22
Median 0.30 0.43 0.86

Next is the variation in the growth rates within one
region, and between regions. Studies of the annual
diameter increment (cm/yr) of dipterocarps in the
Philippine (Weidelt 1996) and Sarawak forests (Primack
et al. 1989) illustrate these points:

Location Mean annual diameter
increment (cm)

Sarawak:

Mersing 0.41

Bako 0.30
Philippines:

Mindanao 0.73

Visayas 0.48

Luzon 0.52

It should be noted that dipterocarps on fertile sites
in the high rainfall area of eastern Mindanao have high
annual increments. The growth rates are consistently
better in the Philippines than Sarawak, indicating regional
differences. The forests in the Philippines should
generally have better yields. Even within Sarawak, there
are differences between the two forests, which can be
ascribed mainly to better soil fertility at Mersing.

Despite the existence of some good information on
the growth of dipterocarp trees, there is a tendency to
exaggerate their growth rates. For example, in Peninsular
Malaysia, the generally accepted standard for growth of
trees in logged forests is above 0.8 cm/yr diameter
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increment, and hence a cutting cycle of about 35 years.
From a quick perusal, it is obvious the realised growth is
far below that assumed. Furthermore, the wide variation
in growth rates between forests calls for more precise
local growth data for determining cutting cycles, and
national averages are inapplicable. Next, despite evidence
that silvicultural treatments of girdling and liberation
felling do boost the growth of the trees, this is rarely
undertaken. This of course has to be taken into
consideration with the costs of operations and the
benefits of increased timber production.

Enrichment Planting

Enrichment planting has been a tool in dipterocarp forest
management, and several dipterocarp species have been
successfully planted into natural forests (Barnard 1954,
Tang and Wadley 1976, reviewed in Appanah and Weinland
1993, 1996). It is indeed widely and variably practiced
throughout the Asian tropics. Such planting is considered
when the stocking of seedlings and saplings of desirable
species is inadequate because of poor seedling survival
or due to destructive logging methods. With the
modified-MUS of Peninsular Malaysia, enrichment
planting was supposed to be a standard practice: the
deficit in natural regeneration to be artificially
regenerated using dipterocarp wildings.

The success of such plantings was variable and
planting efforts have invariably declined. There are
several causes for this. Planting work is difficult to
supervise, seedlings have to be regularly released from
regrowth, and a regular supply of dipterocarp seedlings
is needed. Wildings can be used, but individuals differ
widely in their performance. Moreover it is costly (labour
demanding). As a consequence, the efficacy of
enrichment planting has been questioned (Wyatt-Smith
1963, OTA 1984).

Nonetheless, enrichment planting is receiving
accelerated attention as a possible technique under the
selective felling practices in Kalimantan (e.g. Smits
1993, Adjers et al. 1996). Extensive areas are being
planted up in Kalimantan with dipterocarp wildings.
Rooted cuttings have also been developed but their
success in the field has not been evaluated yet. Their root
structure must hold the tree during sudden wind storms.

Smits (in Panayotou and Ashton 1992) has in view a
model for enrichment planting of degraded dipterocarp
forests in Kalimantan. Such sites are to be first planted
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with an over-storey of building-phase species, and a few
years later with dipterocarps raised from cuttings and
inoculated with mycorrhiza. The fast growing species can
be harvested in the mid-term, and this will release the
dipterocarps for harvest in 50 years. One major technical
problem is the difficulty in harvesting the pioneer species
without causing excessive damage to the mature-phase
trees (Panayotou and Ashton 1992). There is also concern
for the bad form of dipterocarps raised from cuttings.

Wyatt-Smith (1963) pinpoints the conditions which
merit enrichment planting, and the silvical characters
necessary for species ideal for enrichment planting. The
characters include regular flowering and fruiting, rapid
height growth, good natural bole form, low crown
diameter/girth breast height, wide ecological amplitudes,
tolerance to moisture stress, and free of pests and
diseases. But most of all, the species should produce
timbers of high value.

All too often, enrichment planting is done without
consideration for the light conditions. Supervision and
follow-up maintenance are necessary, especially canopy
opening treatments. With care, enrichment planting
remains promising and viable. It has been successful in
Karnataka and several other Indian States, and Sri Lanka,
in both moist deciduous and evergreen forests.

While it is generally accepted that the best and
cheapest method for regenerating dipterocarp forests is
still using the natural regeneration, enrichment planting
has received a new boost particularly for badly degraded
forests. Under the ‘Carbon Offset’ Project, an American
utility company paid for planting dipterocarps in Sabah,
to offset its carbon dioxide emission in its power plants
in Boston (Moura-Costa 1996). This may appear
innovative, although its value will be confined to
rehabilitation programmes. Planting dipterocarps may be
viewed as a final resort, after natural regeneration
practices have failed.

Exploitation Damage

Good harvesting systems are critical for sustainable
management of natural forests. The harvesting should not
irreversibly compromise the potential of the forest. The
operations should never degrade it, and must also allow
for rapid recovery of the stand. Studies of logging damage
in dipterocarp forests begun in the late 1950s show that
it has been increasing with mechanisation (Nicholson
1958, Wyatt-Smith and Foenander 1962, Fox 1968). But
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with properly planned and executed harvesting
operations, not only is the damage contained, but so are
the harvesting costs (e.g. Marn and Jonkers 1981).

Unlike the case with uniform (Shelterwood) systems,
selective fellings can cause considerable damage to the
future crop, the medium sized residuals. The damage
intensity and extent to both trees and soils vary with the
log extraction system used. Skidder-tractors are used
extensively. They cause more damage to the ground
surface, increasing soil erosion and retarding
regeneration and growth of residuals. With precautions
and improvements like pre-determined skid trails and
reduced vehicle movement, damage can be considerably
reduced. Logging on steep slopes (i.e. >15°), which is
very damaging, should be curtailed.

Besides damage caused by extraction, felling damage
too can be very intense, especially to the advanced
regeneration (Nicholson 1979). Directional felling and
pre-felling climber cutting reduce such damage.
Although this practice has been recognised as beneficial,
it is seldom carried out. Currently, several initiatives have
been started in reducing logging damage to the soils and
the residual vegetation under schemes called ‘Reduced
Impact Logging > (RIL). These initiatives are mainly in
Sabah (Marsh et al. 1996). In these RIL operations,
besides cutting lianas, directional felling and pre-planned
skid-trails, the operations are closely supervised so as
to minimise skid trail length and blade use. A 50%
reduction in all measures of damage was demonstrated
compared with conventional logging for an increase of
about 10-15% of direct logging costs.

High-lead yarding systems have been tried in some
concessions in the Philippines and Malaysia. They are
costly, difficult to maintain, and require well trained
crews to maintain them. Basically, selection fellings and
high-lead yarding are incompatible, as the residuals are
damaged considerably. There is also heavy damage to the
soil when trees are dragged uphill. However, skyline
yarding systems are beginning to show considerable
promise. With the simple skyline yarding where two spar
trees are used, road building is reduced. The other is the
Long Range Cable Crane System which uses a tight
skyline with intermediate supports and a carriage with
the log suspended to it vertically. The carriage travels
along the skyline and dumps the suspended log at the
head of the spar or tower. This has been tried in the
Philippines (Heyde ef al. 1987) and Sabah (Ong et al.
1996). The original carriage could only lift small logs,
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but the new one introduced in Sabah can lift 5 tonne logs
(personal observation). The use of a skyline system
reduces road building considerably, and limits damage
to the soil and residual trees to a considerable extent.
The skyline systems hold the answer to logging of
dipterocarp forests of Southeast Asia.

Helicopter logging is now being tested in Sarawak.
This system remains rather expensive and dangerous. The
cost of keeping the helicopter in the air is high, and the
operations have to be perfectly coordinated: trees have
to be felled in advance, and the helicopter can only start
its operations when a sufficient number of trees are
available. The timber being harvested should have very
high value. Too many accidents have happened with
helicopter logging for it to be considered a viable
operation. There is also the problem of illegal logging
as it becomes much easier to steal timber using
helicopters, and the activities are difficult to control.

Failures in Implementation of Practices

It is obvious from the above review of silvicultural
practices, there is no lack of scientific methods for
managing the variety of dipterocarp forests. While
systematic management may be lacking (Leslie 1987,
Wyatt-Smith 1987), some kind of management is being
attempted for many of the forests in Asia; it is however,
mainly in the form of area or volume control. It was
reported that about 19% of the Asian region’s productive,
closed broadleaf forest is being intensively managed
(FAO 1981c). However, one can dispute if area and
volume control is management.

Several factors seem to hinder true management of
these dipterocarp forests. For one, it seems better to
cash in the timber market now than wait for uncertain
future markets. Next, there is a mismatch between
declared policy and implementation. Far too few
resources are allocated for management, while the rate
of logging is beyond what the forestry agencies can cope
with (Wyatt-Smith 1987). Some managers have adopted
the ‘minimum intervention’ approach on the argument
that there are still uncertainties in the value of some
silvicultural treatments (Tang 1987).

Forestry agencies are unable or unwilling to
implement the declared management policies, and
silvicultural prescriptions are always behind schedule,
or abandoned altogether. Panayotou and Ashton (1992)
present several cogent reasons for this:
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1. Heavy pressure from politicians to practice
accelerated felling cycles, clear felling, re-entry, and
leniency with regard to logging damage and illegal
cuttings;

2. Uncertainty of forest tenure, due to rapid conversion
of forest lands to agriculture, uneven distribution of
land, and short logging tenures which discourage
private investment; and

3. Grossly undervalued resources, with timber prices
not including replacement or silvicultural costs and
non-timber values. The stumpage and royalty fees are
kept too low, and the governments do not receive the
logging profits needed for silvicultural treatment.

An Evaluation

Silvicultural systems for natural forests have to ensure
natural regeneration succeeds, and the quality, quantity
and size of the chosen tree species are enhanced, without
destroying the forest structure and function. Enrichment
planting is an expensive alternative that should be
minimised. Both the Shelterwood (monocyclic) and
Selection (polycyclic) Systems are being purportedly
used for managing dipterocarp forests in Asia. But how
do the two systems stand up in real practice for managing
dipterocarp forests? Shelterwood Systems depend
directly on treating the desired seedlings for the next
crop. This is a conceptually simple system which requires
less supervision, and if done carefully, there is little
damage to the next stand (Putz and Ashton, unpublished).
Several workable examples of Shelterwood Systems have
existed, the Malayan Uniform System being a well known
one among them.

The critical factor seems to be the ease with which
regeneration can be secured. It is this particular feature
of dipterocarps that makes it much easier to manage them
compared to other forest types. In the case of sal forests,
natural forest management seems sustainable only where
regeneration is easy to secure. This is the case with
Coppice Systems, provided grazing and fire are
controlled. The MUS has also capitalised on the profuse
seedling regeneration capacity of the family.

Nevertheless there are elements within Shelterwood
Systems that are discouraging:

1. Logging has to be delayed until the regeneration is
ensured;

2. Rotations are long, by human terms;

3. Heavy felling might induce weed growth, and expose
fragile soils to erosion; and
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4. Unwanted trees which were formerly girdled can now
be exploited with improved technology and
diversified markets. Although such canopy openings
would have allowed the highly preferred target trees
to maximise their growth.

The Shelterwood Systems developed for all three
dipterocarp forest types showed signs of success. But
in many instances the Shelterwood Systems seem to have
fallen victims of outside changes. Workable systems have
thus been continuously incapacitated by the demands of
society, rapid and unplanned landuse changes, illegal
felling, fire and grazing, and finally our complete
bewilderment with tropical ecosystems. The four
examples below highlight them:

1. The Coppice Systems in India have been clearly
worked out, and may be the only dipterocarp forests
sustainably managed for 3 rotations or more. But the
demand for timber and fuelwood in India exceeds the
production. The silvicultural response has been to
shorten rotations. This has not been a realistic
solution because increased frequency of removal
results in degradation of stumps. Leaving behind
standards to assist natural regeneration to
compensate for the degradation was tried. This too
proved unsuccessful because these forests are close
to villages and the demand for grazing lands is high.
When the demand for firewood and small timber
exceeded biological capacity, shorter rotations were
resorted to to enhance supply. This has accelerated
the decline, and the areas have to be planted up as a
consequence.

2. In the Malayan case, the MUS which took form
following the Japanese Occupation (1942-1945)
could never really be put into practice. During the
1950s Emergency in Peninsular Malaysia guerrillas
took refuge in these very forests. It was difficult to
work long in a forest - it was often a case of log and
leave. The 1970s saw peace and an acceleration of
economic growth. Large tracts of the lowland
dipterocarp forests, for which the MUS was
formulated, were converted to plantations of cash
crops. Thereafter, logging was confined to the hillier
terrain. Here the MUS was considered unsuitable and
selective fellings have been applied.

3. In some instances sheer confusion seems to have
prevailed in our attempts to manage dipterocarp
forests. In Malaya, Departmental Improvement
Fellings of the 1930s proved ineffective on the poles
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and immature trees, for they need to be repeated

(Wyatt-Smith 1963). Following the initial burst,

growth slows down with onset of crown competition.

In the 1970s, such thinnings were introduced in

Sarawak under a different name, ‘Liberation

Thinnings’ (Hutchinson 1979). But the Department

reduced such treatments on the basis that the

increments are too small for the effort (Lee 1982).

However, liberation thinnings to forests following a

diameter limit cutting proved better (Chai 1984,

Primack 1987). This resembles more a MUS except

for the logging which was under diameter limits. With

this kind of confusion, opportunities for better
management were bypassed.

4. In other cases, the Shelterwood Systems have
degenerated into selective fellings. In the Indian
Irregular Shelterwood System, uncertainty of
regeneration led to retention of trees below a
specified girth as part of the future crop. This has led
to some confusion, and silvicultural treatments
benefit neither seedlings nor poles.

5. Most extreme is the case with Peninsular Malaysia.
The system introduced here to manage the hill forests
was called the Selective Management System (Mok
1977). One of three systems was to be applied
depending on the requirements. This included the
monocyclic MUS, polycyclic Selection System, and
cutting and planting. But unfortunately, the Selective
Management System in practice became a selective
felling.

In contrast with Shelterwood Systems, the Selection
System is based on maintaining the forest stand structure,
by extracting proportionate number of trees from
different size classes. It works well with species that can
tolerate some shade, and small gaps suffice for their
growth (Putz and Ashton unpublished). The system allows
frequent timber extractions, but substantial management
is required. Logging has to be carefully done to protect
young trees.

The selection systems are not truly practised in the
dipterocarp forests although the Philippines Selection
Felling System in theory has the necessary silvicultural
components to qualify as one. Elsewhere, Selection
Systems have degenerated in practice into selective
fellings based on diameter limit. This is not a silvicultural
system in the classical sense. Critics claim selective
fellings cannot fulfill the requirements of a polycylic
system (Wyatt-Smith 1987, Appanah and Weinland
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1990), and that in reality it is merely a bicyclic system.

Its major difficulties are:

1. Seedling regeneration is not attended to, and this
might lead to a decline in the future crops;

2. Composition of future crops cannot be controlled;

3. The intermediate class (residuals) which is poorly
represented, may also be inferior, suffer much
logging damage, and subsequently succumb. Overall
their growth rates may also be below that forecasted;

4. The cutting cycles are over-optimistically short; and

5. The more frequent entries can damage the soil and
young regeneration.

Despite the criticisms, most of the seasonal and
aseasonal dipterocarp forests are selectively logged at
present. Perhaps the advantages of short felling cycles,
fewer tendings, and freedom from limitations of
seedling regeneration have led to such a preference.
Supporters nonetheless argue that the Selection System
is suitable for dipterocarp forests, many of which are
now in steep terrain, with spotty seedling regeneration,
and are relatively inaccessible. The weakness is in the
implementation. The test of course is with the second
cut, which will soon take place in Malaysia and Indonesia:
overall, a decline in yield is expected. The true danger
lies in temporarily overcoming the problem by reducing
girth limits and cutting cycles.

In the aggregate, both silvicultural systems have their
pros and cons. But trying to apply a workable silvicultural
system is not a simple matter. It has to ensure society’s
needs are met by harvesting the forest without degrading
it. Despite the many mistakes and miscalculations, more
has been done to develop management systems for
dipterocarp forests. Nonetheless, detractors may
emphasise that there is very little management in reality.
That aside, it must be stated that if ever management of
tropical forests is possible, the best chances are with
the dipterocarp forests. Their special attributes have
endowed them with several advantages in terms of easy
regeneration, fast growth, and a rich commercial timber
stand. So the silvicultural systems employed should
attempt to enhance and exploit the special attributes of
these forests.

As for the silvicultural system, no doubt we can argue
in favour of selection fellings for the existing
dipterocarp forests. The advantages include long
regeneration period for seedling recruitment, enhanced
biodiversity, guarantee of future crops from advance
growth that is retained, and retaining of species and grades
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which may become marketable in the future. But
maltreatment of the forest has become commonplace.
The short cutting cycles have resulted in doubling of
coupe areas, but almost as much timber as in a
shelterwood cutting has been harvested. So are the
problems of re-entry to logged over coupes as timber
scarcity develops. Next, selection felling is regularly
abused with the removal of the best stems without any
attempt to redress the balance by simultaneous removal
of the poorer material that can lead to genetic
impoverishment of the forests. Perhaps the stage has
arrived where management in the true sense can be
introduced. This of course requires that besides paying
proper attention to the silvicultural systems and
harvesting methods, management must pay heed to other
aspects like the preservation of ecological functions,
conservation of biodiversity, and maintaining the integrity
of the forest. In addition, the social issues that may
impact on the management of a forest must be given a
higher priority.

Good management is indispensable whatever the
silvicultural systems. An inappropriate silvicultural
system may mean that the maximum productivity of the
forest has not been captured. But what really sets back
tropical forests is poor harvesting practices. Usually,
harvests exceed growth rates. Few of the silvicultural
tendings are done, further delaying the growth of the crop.
Logging using skidder-tractor systems is exceedingly
damaging to the soil and the standing residuals. Soil
damage, in terms of erosion and compaction is
exceedingly heavy. The immediate need is to adopt
harvesting practices that minimise such damage. A swing
in that direction has begun in Sabah. Already, one forest
reserve is being managed under tight prescriptions.
Skidder-tractors are heavily controlled and limited to pre-
aligned trails only, and are only operable on slopes below
15°. On steeper slopes, a long range cable crane system
is used which does only limited damage to the soils and
residual trees. Such developments provide us with the
optimism so much needed in tropical forest management.

Additional Research Needs

1. Management systems have been applied universally
over the landscape without regard to site and timber
stand characteristics. This cannot be ecologically
optimal. Intensive management procedures should be
developed whereby silvicultural systems are applied
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that are more specific to the site (site categories,
floristic groups, etc.).

. Harvesting damage can be easily controlled, and the

improvements realised will be immediate and several
fold. Besides research to lower harvesting damage,
standards for allowable harvesting damage should be
drawn.

. There is still much uncertainty about cutting cycles

in selection fellings. The growth data available from
few sites are broadly applied to large areas. Not only
should existing growth data be reviewed rigourously
so as to derive more appropriate cutting cycles,
additional growth plots should be set up so all the
different forest types are included.

. In selection fellings, seedling regeneration and

growth are often not given attention. Studies should
be initiated to determine post-harvest fruiting and
seedling regeneration characteristics, and tending
procedures.

. The response of advance growth to liberation

treatments requires further investigation. Their
reaction to heavy isolation, injury, soil disturbances
and water stress should be studied. Will selectively
logged forests require further crown liberation to
optimise growth? Will promoting dense crop
regrowth affect soil-moisture balance?

. No data are widely available on regenerated stands

managed under Shelterwood Systems. Such stands
should be reexamined. The structure of the stand and
regrowth composition would help illuminate the
effect of improvement fellings and climber cutting
treatments.

. The basis for sustaining long-term forest production

depends on the soil characteristics and organic matter
accumulation. The impacts of harvesting on the
nutrient cycles have to be further investigated. What
will be the impacts of whole tree harvesting on
nutrient cycles?

. With increase in utilisation of lesser-known or lesser-

used species, will selective logging be the same as
in the past? How will this affect regeneration and
composition of future crops?

. With changes to the future crops likely to take place,

gregarious and very common species may become
even more important for management. Autecological
studies of these species are needed to fine-tune the
management to favour such species for future crops.
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10.In most forests selective logging will soon enter into
the second cut. Logged over forest will be the future
source of timber in the region. Investigations are
needed on the consequences of a second cut on fu-
ture production, forest structure, floristic composi-
tion, and seedling regeneration.

11.Selection of species for enrichment planting pro-
grammes is still primarily ad hoc, usually based on
what is available. Incidental observations have sug-
gested that there is a core of species among
dipterocarps (e.g. Shorea spp. (engkabangs),
Dryobalanops aromatica, Shorea trapezifolia, and
others) which share characteristics including fast
growth and regular fruiting. Such species should be
developed for planting, and their tolerances and
growth requirements (light, water) should be inves-
tigated further.
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Plantations

G. Weinland

Introduction

Research on establishment and maintenance of
dipterocarp plantations has been pursued now for almost
seventy years. Efforts were especially intensive in three
countries: India, Indonesia and Malaysia. In India the
research concentrated mainly on Shorea robusta because
of its abundance and its significance for agroforestry
systems. In Indonesia and Malaysia and some other
countries of the Indo-Malayan region a wider range of
dipterocarp species was investigated. The research
covered the whole range of plantation problems, albeit
not with the same species over the whole range. Probably
with exception of S. robusta no other dipterocarp species
has been so well studied for operational schemes. On the
whole, young dipterocarp plants were considered
sensitive, delicate, and unsuitable for even-aged
plantations but appropriate for enrichment planting. The
fear of over-exposing sensitive young dipterocarp plants
to light, however, has led to frequent failures of planting
operations. It was thought that the young plants needed
overhead shade for survival and good growth. The wide
tolerance variation among different dipterocarp species,
and their changes with age, were not recognised.

In India, the earliest plantation efforts recorded are
for Shorea robusta in 1860 at Barielly in Uttar Pradesh
and Hopea parviflora in 1880 in South Kanara, Karnataka.
Hopea was underplanted in teak plantations as a possible
second storey crop in the coastal plains. Around 1890,
taungya systems were started in West Bengal and Uttar
Pradesh. This still continues, but on a reduced scale as
there is progressively less and less clear-felling of forests.
In Uttar Pradesh the main dipterocarp species was S.
robusta, while in West Bengal, which has a more humid
climate with less seasonality of rainfall, S. robusta was
mixed with Chukrassia tabularis and Michelia champaca.
The practice was to sow seeds in lines. Around 1910,
Hopea parviflora, Dipterocarpus turbinatus and Vateria
indica were raised in a clear-felled area in Makut
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(Karnataka). In South Kanara district, the home of five
Hopea spp., techniques for raising H. parviflora and H.
wightiana were already perfected by this time. The two
species are raised together in private woodlots by local
people, H. parviflora for timber and poles and H.
wightiana for fuel wood. Currently, all these species are
being planted for restoration of degraded rain forests and
re-afforestation of barren land. The nursery techniques
for some of these species have been standardised (Rai
1983) and experimental results on restoration of degraded
rain forests have been reported (Rai 1990). In the
Andaman Islands, the Andaman Canopy Lifting System
was developed to secure the regeneration of dipterocarp
species (Chengappa 1944). To ensure regeneration of
Dipterocarpus macrocarpus in North East India, a system
called Aided Natural Regeneration involving
supplementary planting of dipterocarps, is popular.
Dipterocarp plantation research or research with relevance
to dipterocarps covered a very wide range. The majority
of the research was devoted to Shorea robusta. Aspects
especially investigated were seed procurement/production
and germination (e.g., Verma and Sharma 1978, Rai 1983,
Prasad and Parvez-Jalil 1987), soils and nutrition (e.g.,
Bhatnagar 1978), rehabilitation of degraded sites (e.g.,
Prasad 1988, Rai 1990), pests and diseases (e.g., Harsh
et al. 1989, Sen-Sarma and Thakur 1986) and agroforestry
(e.g.,Jhaet al. 1991). In situ gene conservation of Vateria
indica is carried out in the Western Ghats (Negi 1994).
Troup’s Indian Silviculture (1980) gives a full account
of silviculture in India and Burma and contains in the
second volume the complete silviculture of sal (Shorea
robusta) including plantation silviculture. Additionally,
it contains the silvicultural characteristics of the following
dipterocarp species: Shorea assamica, S. talura (syn.
roxburghii), S. tumbuggaia, Dipterocarpus alatus, D.
bourdilloni, D. costatus, D. grandiflorus, D. indicus (syn.
turbinatus), D. kerrii, D. macrocarpus, D. pilosus, D.
tuberculatus, D. turbinatus, Hopea glabra, H. odorata,
H. parviflora, H. utilis, H. wightiana, Vateria
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macrocarpa, V. indica, Vatica lanceaefolia and V.
roxburghiana. A comprehensive description of the
dipterocarps of South Asia is contained in RAPA
Monograph 4/85 (FAO 1985).

In Nepal, research on dipterocarps has concentrated
on the management of sal (Shorea robusta) forests and
on forest seeds and nursery procedures (e.g., Napier and
Robbins 1989). In Pakistan, Chowdhury (1955)
described the silvicultural problems of S. robusta and
Amam (1970) trials of direct sowing. In Bangladesh,
systematic planting of S. robusta started last century
(1856) within the traditional taungya system. Since the
late 1970s there are greater efforts to improve the
management of the dipterocarp species (Das 1982).
Subsequently, research has been carried out on
propagation techniques (Banik 1980, Rashid and
Serjuddoula 1986, Haque et al. 1985, Serjuddoula and
Rahman 1985). Jones and Das (1979) developed a
programme for the procurement of improved forest tree
seeds, which is now the task of the National Tree Seed
Center established in 1986 (Mok 1994). The Species
Improvement Programme includes the plus tree selection
of Dipterocarpus turbinatus and Hopea odorata (Nandy
and Chowdury 1994). Dipterocarp species under
investigation are: Anisoptera glabra, Dipterocarpus
costatus, D. pilosus, D. turbinatus, Hopea odorata and
Shorea robusta.

In the past, the plantation efforts in Thailand
focussed on planting Tectona grandis and fast-growing
exotic species. Plantations involving dipterocarps have
been established since the 1980s. Consequently, research
on dipterocarps has been intensified. A description of the
dipterocarps of mainland South East Asia has been
prepared by Smitinand and Santisuk (1981) and of the
silvicultural ecology of the dipterocarps of Thailand by
Smitinand et al. (1980). Both contain information on
silvical aspects. Research has been concentrating on
collection, storage and germination of seeds and on
mycorrhizae (e.g., Khemnark 1980, Panochit et al. 1984,
Panochit et al. 1986, Chalermpongse 1987, Boontawee
and Nutivijarn 1991, Linington 1991, Kantarli 1993).
Concerning dipterocarp planting stock propagation the
ASEAN Forest Tree Seed Centre concentrates on
vegetative propagation (Mok 1994). Dipterocarpus
alatus, Hopea odorata and Shorea siamensis, amongst
others, are priority species for reforestation activities and
D. alatus and D. turbinatus are included in the gene
conservation programme (Sa-Ardavut 1994). Species
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which have received attention are: Anisoptera costata,
Dipterocarpus alatus, D. costatus, D. intricatus, D.
macrocarpus, D. obtusifolius, D. tuberculatus, Hopea
ferrea, H. odorata, Shorea henryana, S. obtusa, S.
roxburghii and S. siamensis.

In Vietnam, some plantation work on an
experimental scale is carried out in Dong Nai Province,
in the Central Highlands and in Daklak Province (Doan
1985, Vu 1991, Dinh 1992). Several studies on the
distribution of dipterocarps, and on the structure and
dynamics of dipterocarp forests in Vietnam were carried
out which contain information on silvical characters of
the dipterocarps (e.g., Nguyen Nghia Thin 1985, Vu Van
Dung 1985). Bieberstein et al. (1985) investigated the
possibilities of rehabilitating areas devastated during the
Vietnam War. Species investigated were: Dipterocarpus
alatus, Hopea odorata and Anisoptera costata. Research
on various other aspects was carried out on these species
and, additionally, Dipterocarpus dyeri, D. tuberculatus,
D. obtusifolius, Shorea obtusa, S. roxburghii, S. thorelii,
S. siamensis and Vatica odorata.

In Cambodia the phenology and germination
behaviour of Hopea odorata has been investigated by
Tixier (1973).

In Peninsular Malaysia planting of dipterocarps
started in 1900 when Neobalanocarpus heimii was line-
planted in forest reserves but was discontinued when
Commercial Regeneration Fellings were introduced in
1918. Between 1929 and 1941 experimental plantations
of dipterocarps were started at the Forest Research
Institute Malaysia. Main dipterocarp species planted were
Anisoptera scaphula, A. laevis, Dipterocarpus baudii,
Dryobalanops aromatica, D. oblongifolia, Shorea
acuminata, S. curtisii, S. leprosula, S. macroptera, S.
macrophylla, S. ovalis, S. parvifolia, S. platyclados and
S. sumatrana. Dipterocarps were later used in enrichment
plantings (e.g., Tang and Wadley 1976). Main species
planted were those of the fast-growing hardwoods.
Enrichment planting is still pursued, albeit on low scale
(Chin et al. 1995). Barnard (1954) summarised the
knowledge on artificial regeneration of dipterocarps
describing the operations from planting stock
procurement to post-planting tending. Wyatt-Smith
(1963b) furthered the knowledge on enrichment planting
and presented information on choice of species and
silvicultural operations up to the tending of the established
crop. The review on planting high quality timber species
by Appanah and Weinland (1993) presents an overview
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on silvics and silviculture of many high quality timber
tree species that have been planted in Malaysia. On present
knowledge, the most promising dipterocarp plantation
species for Peninsular Malaysia are: Anisoptera laevis,
A. scaphula, Dipterocarpus baudii, D. costulatus, D.
kerrii, Dryobalanops aromatica, Hopea odorata, Shorea
acuminata, S. leprosula, S. macrophylla, S. macroptera,
S. ovalis, S. parvifolia, S. platyclados (Wyatt-Smith
1963b, Zuhaidi and Weinland 1994, Darus ef al. 1994).
Darus et al. (1994) carried out plus tree selection for
Shorea leprosula and S. parvifolia, identified a seed
production area for S. lepidota and included several other
dipterocarps in a clonal selection programme and field
tests.

Sarawak embarked on plantations of dipterocarps
in the 1920s by planting Shorea macrophylla. While such
plantings were pursued on a small scale until 1975
(Kendawang 1995), the state commenced large-scale
plantings of dipterocarps in 1979 after disappointing
results were obtained from research on exotic fast-
growing species (Mok 1994). Dipterocarp plantations are
established within the Reforestation Programme for
Permanent Forest Estates on areas degraded by shifting
cultivation (Kendawang 1995). About 4940 ha have been
planted on an operational scale with Shorea species of
the pinanga group, especially Shorea macrophylla
(Kendawang 1995). These plantings are based on a
species-site matching procedure (e.g., Butt and Sia 1982,
Ting 1986).

In Sabah, dipterocarp plantations have, with the
exception of the enrichment plantings under the Innoprise-
Face Foundation Rainforest Rehabilitation Project
(Moura-Costa 1993, Moura-Costa and Lundoh 1993,
1994), only been established on an experimental scale.
Until 1994 about 700 ha had been planted within the Face
Foundation Project. Dipterocarp species used are:
Dipterocarpus spp., Dryobalanops lanceolata, Hopea
nervosa, Parashorea malaanonan, Shorea argentifolia,
S. johorensis, S. leprosula, S. macrophylla, S. ovalis and
S. parvifolia. The plantation target is 25 000 ha.

In Indonesia, the establishment of experimental
plantations (e.g., Darmaga, Haurbentes, Pasir Hantap,
Purbah Tongah and Sangau) started at the end of the 40s
(Butarbutar 1986, Masano 1991, Masano et al. 1987,
Masano and Alrasjid 1991, Omon 1986). Apart from these
experimental plantations, planting of dipterocarps was
mainly enrichment planting in the concession areas and
regularly carried out in the state-owned concession
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INHUTANI II in South Kalimantan (Mok 1994). Now,
the Indonesian Selective Cutting and Planting System
prescribes reforesting all logged areas and since the
beginning of the 90s large-scale cutting propagation is
carried out. Research on dipterocarps has covered a wide
field ranging from seed procurement and testing (e.g.,
Masano 1988a, b, Syamsuwida and Kurniaty 1989),
vegetative plant propagation (e.g., Smits 1987, 1993,
Umboh et al. 1988), plantation stock trials (e.g., Wardani
et al. 1987 Siagian et al. 1989b), mycorrhizal symbiosis
(e.g., Smits 1982, Santoso et al. 1989, Santoso 1991) to
agroforestry problems (e.g., Kartawinata and Satjapradja
1983, Sardjono 1990). It appears that no specific tree
improvement programme for dipterocarps has been
initiated (Sunarya 1994). Dipterocarp species which
received attention were: Dipterocarpus grandiflorus, D.
retusus, D. tempehes, Dryobalanops lanceolata, Hopea
bancana, H. mengerawan, H. odorata, H. sangal, Shorea
guiso, S. johorensis, S. leprosula, S. macrophylla, S.
mecistopteryx, S. multiflora, S. ovalis, S. palembanica,
S. parvifolia, S. pauciflora, S. pinanga, S. platyclados, S.
selanica, S. seminis and S. smithiana. Recently, a manual
for the dipterocarp light hardwoods for Borneo Island
has been compiled by Newman et al. (1996).

In the Philippines first research efforts on dipterocarp
plantation problems commenced in the 30s (e.g., Caguioa
1938, Lantion 1938). The research work continues (e.g.,
Anon. 1982, 1991). Some experimental plantations were
established and private companies participated in the
plantation programmes (e.g., Notonton 1985).
Underplanting was carried out in Benguet pine
plantations (Anon. 1960) with success. Enrichment
planting was rarely done with dipterocarps, but with fast-
growing exotic trees species such as Paraserianthes
falcataria. Underplanting and enrichment planting trials
with dipterocarps started late (Chinte 1982, Mauricio
1987a, Abalus et al. 1991). Emphasis of research was on
germination trials (e.g., Basada 1979, Garcia et al. 1983),
seedling trials (e.g., Bruzon and Serna 1980, Gianan and
Peregrino 1986), use of wildings as planting stock (e.g.,
Lantion 1938, Penonia 1972), planting trials (e.g.,
Tomboc and Basada 1978, Miyazaki 1989). Agpaoa et
al. (1976) provided valuable information on planting
techniques. A tree improvement programme for
dipterocarps has been launched which includes seed
production area and plus tree selection, establishment of
clonal gardens and gene conservation (Rosario and
Abarquez 1994). Promising dipterocarp plantation species
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are: Dipterocarpus grandiflorus, D. warburgii,
Parashorea plicata, Shorea almon, S. guiso, S.
negrosensis, S. polysperma and S. squamata. Newman et
al. (1996) compiled a manual of dipterocarps for the
Philippines.

Silvics

Silvics deals with the life history and general
characteristics of forest trees and stands particularly
refering to locality factors as a basis for the practice of
silviculture.

For tree species of the high forests (a closed forest of
tall trees), tolerance is their ability to grow satisfactorily
in the shade of and in competition with other trees. If
intolerant of shade, a species is termed a ‘light demander’,
if tolerant, a ‘shade bearer’. Discussions on how much
light should be given for good growth and how much
shade should be retained started early. Sanger-Davies
(1931/1932) considered most of the commercial
dipterocarp species as light demanders which should be
given full overhead light and full space for maximum
development. While larger plants need full light for good
growth, young seedlings need a shelter either from
existing belukar or from planted nurse crops. Indeed,
planting of dipterocarps under a nurse crop (e.g.,
Paraserianthes falcataria) was successful in the
experimental plantations in Indonesia (e.g., Masano et
al. 1987) and Malaysia (Barnard 1954) and elsewhere in
the region (e.g., Doan 1985). All shading experiments
showed without doubt that optimal growth of dipterocarp
seedlings is only achieved under partially shaded
conditions (e.g., Nicholson 1960, Mori 1980, Sasaki and
Mori 1981 and others).

There is a wide range of shade tolerance among older
seedlings/saplings of dipterocarp species which follows
the known pattern of higher shade tolerance for late
succession species and higher light demands for earlier
succession species (e.g., Strugnell 1936a). Qureshi (1963)
classified about 100 tree species (including. Shorea
robusta) as tolerant, moderately and intolerant of shade
in comparison to Acacia arabica which is intolerant of
shade at every developmental stage. In Peninsular
Malaysia, field experiments on light requirements were
established early in conjunction with Regeneration
Improvement Systems and a discussion on canopy
manipulations over young regeneration ensued (e.g.,
Sanger-Davies 1931/1932, Watson 1931/1932b, Walton
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1936b). However, this type of experiment was abandoned
when Regeneration Improvement Systems ceased in
Malaya in the 1930s. JICA (1993, 1994) reported an
underplanting trial where dipterocarps (Shorea
leprosula, S. parvifolia, Dryobalanops aromatica and
others) have been underplanted in Acacia mangium
stands with different size gaps. The performance was best
where two rows had been removed (9 m opening).
Controlled (artificial) experiments are needed for base
line information on the light requirements of species to
be complemented by field trials where shade from natural
vegetation is manipulated. More details on the light
physiology of seedlings can be found in Chapter 3.
Mycorrhizal symbiosis with dipterocarps has
received great attention in recent years. Since this field
is dealt with in detail in Chapter 6, only some practical
aspects are discussed here. The importance of
mycorrhizal symbiosis for the survival and growth of
trees is not in question. Most of the investigations deal
with the identification of mycorrhizal fungi and their
strains/forms (e.g., Louis 1988) and Lee and Lim (1989)
have reported mycorrhizal infection of dipterocarp
seedlings in logged and undisturbed forests. Host
specificity of mycorrhizal fungi was reported by Smits
(1982) and it is concluded that the chance of a seedling
finding the right fungus is better the closer the seedling
germinates and grows to the mother tree. He explains
the formation of eco-unit patterns as linked to such a
preference. Whether host specificity is wide spread
among dipterocarps remains to be investigated.
Alexander ef al. (1992) found that the root contact of
seedlings with mature trees is important for the infection
with mycorrhizae which would have a bearing on the
design of regeneration systems. The retention of mature
trees seems to be important for this reason. Turner ef al.
(1993) investigated the effect of fertilser application on
dipterocarp seedling growth and mycorrhizal infection.
The application involved 10 g m? N, PO, and KO to
Shorea macroptera seedlings grown in pots of forest
soil (nursery condition). The results showed that
mycorrhizal infection was significantly higher for
fertilised seedlings. Oldeman (1990) draws attention to
the fact that mycorrhizal symbiosis occurs particularly
on poorer, acid soils and suspects that by changing the
chemical status of the soil through fertilisation,
mycorrhizal functioning might be impaired. Santoso
(1987, 1989) showed that there is an increase in shoot/
ratio, dry weight of leaves, roots, stem diameter, as well
as absorption potential for nutrients among several
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dipterocarps when inoculated with Scleroderma
columnare. One dipterocarp species (Shorea pinanga)
showed better results when inoculated with Russula
amatic. Inoculation techniques for nurseries are
described for example by Bakshi (1980), Khemnark
(1980), Smits (1987) and Tacon et al. (1988).
Mycorrhizal research has yielded practical incoculation
techniques for nurseries.

Site requirements of dipterocarp species have only
been examined systematically for Shorea robusta (e.g.,
by Yadav and Mathur 1962, Bhatnagar 1966). Butt and
Sia (1982) and Ting (1986) touch on the problem in their
evaluation for reforestation and rehabilitation projects
in Sarawak, however, assignment of species to site was
not based on species-adaptation trials. Most of the
information has