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PREFACE 
 
The Sarawak Biodiversity Centre (SBC) was established in 1998 following the enactment of the 
Sarawak Biodiversity Centre Ordinance 1997 and the Sarawak Biodiversity Regulations 1998. In the 
early years, SBCôs role leaned heavily towards inventory and conservation of biological resources. 
After the Sarawak Biodiversity Centre (Amendment) Ordinance, 2003 was passed, the role of SBC 
changed significantly. Now SBCôs task is to initiate intensive biotechnology based research and 
development on Sarawakôs biodiversity, especially genetic resources linked to Traditional Knowledge, 
in order to harness its commercial potential.  
 
With a launching grant of RM10 million on a 50 acre plot, SBC now stands as an institution with 
modern facilities for carrying out Traditional Knowledge Documentation, R&D for biodiscovery, a 
herbarium and an ethnobotanic garden for biodiversity awareness and appreciation. 
 
The Biodiversity ï Biotechnology Symposium was jointly organized by SBC and the Malaysian 
Biotechnology Corporation (Biotechcorp). The theme óBiodiversity-Biotechnology: Gateway to 
Discoveries, Sustainable Utilisation and Wealth Creationô was chosen as it reflected SBCôs role as 
stipulated in the Ordinance and the overall goal for biodiversity biotechnology research nationally. 
 
The symposium was divided into six sessions and for each session prominent speakers delivered 
inspiring plenary and keynote addresses. Each session was supported by a number of oral and poster 
presentations. The symposium brought together speakers and participants from USA, England, 
Scotland, China, India, Denmark, Australia, Singapore and Malaysia covering a wide array of 
professions such as lawyers, academicians, business entrepreneurs, policy makers, researchers and 
undergraduate students.  
 
This proceeding is a compilation of some of the selected papers and posters presented in the 
symposium. For a complete reference of the papers and posters, please refer to the programme 
booklet distributed at the symposium.  
 
As chairman of the organizing committee, I would like to thank Biotechcorp and all speakers and 
poster presenters for participating in SBCôs first symposium. We received many requests from 
students and scientists from universities within the region to present their findings. Unfortunately the 
organizing committee had to disappoint some of them. I hope they will continue to support other 
conferences that SBC will organize in future. 
 
The organizing committee, symposium advisors and all staff of SBC worked tirelessly for many weeks. 
Although this was not the first time that the Centre organized an international conference, it was not 
without much trepidation that I agreed to take up the challenge of organizing a major event and be 
involved in all aspects from planning until preparation of manuscripts for the proceedings. It was a 
rewarding experience. 
 
Finally, one of my personal objectives in organizing this symposium was to develop organizational 
skills among SBCôs officers and staff. They demonstrated not only that they have organizational skills 
but also delivered quality service, teamwork and commitment.  
 
Thank You. 
 
 

Dr. Rita Manurung 
Chairman, Organising Committee 

COO, Sarawak Biodiversity Centre 
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Biodiversity C onservation and Utilisation in Sarawak  

 
Cranbrook, Earl of  

 
International Trust for Zoological Nomenclature, Natural History Museum, London SW7 5BD, 

and Great Glemham Farms, Saxmundham IP17 1LP, UK 
lordcranbrook@greatglemhamfarms.co.uk 

 
Abstract  

 
Sponsored by the United Nations Environment Programme (UNEP), the 1992 Convention on 
Biological Diversity (CBD) was the first international instrument to regulate the management of 
ecosystems, habitats and species within a holistic framework.  Adherent states have both 
responsibilities and opportunities for sustainable utilisation of the global biodiversity resource. Situated 
within one of the most important global biodiversity hotspots, these complementary factors are 
especially relevant for Sarawak.  Since 2003, faced with the growing world biodiversity crisis, UNEP 
has promoted Planetary Biodiversity Inventories (PBI).  These include both global programmes to 
discover, identify and list all species of selected taxonomic groups (e.g., amphibians, catfish, flies) and 
also national inventories of biota (e.g., the Swedish All Taxa Initiative).  These and other examples of 
CBD-related actions will be examined, in order to provide a background against which Sarawakôs own 
initiatives can be evaluated during the Symposium. 
 
Introduction  
 

In 1992, sponsored by the United Nations Environment Programme (UNEP), the Convention on 
Biological Diversity (CBD) agreed at Rio was the first international instrument to regulate the 
management of ecosystems, habitats and species within a holistic framework1.  A decade later, in 
April 2002, facing up to the world biodiversity crisis, the Parties to the CBD committed themselves to 
achieve by 2010 a significant reduction of the current rate of biodiversity loss at the global, regional 
and national level (COP Decision VII/30).  Subsequently endorsed by the UN Summit on Sustainable 
Development, this target was incorporated in the UN Millennium Development Goals.  It was then 
realised that there existed a substantial ñtaxonomic impedimentò to the achievement of this goal.  From 
2003, CBD has therefore promoted a Global Taxonomic Initiative (GTI).  Related to this initiative, 
Planetary Biodiversity Inventories (PBI) have been launched, to include both global programmes to 
discover, identify and list all species of selected clades2, and also óall taxaô initiatives (ATI) to create 
inventories of biota within the territorial bounds of states or nations. 
 Reflecting Sarawakôs constitutional position, which gives considerable autonomy in matters 
relating to land, water and wildlife, the Malaysian delegation at Rio 1992 included the Chief Minister, 
supported by a professional team. In subsequent CBD meetings, Sarawak representatives have 
attended as part of the Malaysian delegation and with other Contracting Parties, Sarawak has thereby 
accepted the obligation, under Article 6 of CBD (see Appendix), to develop ñstrategies, plans or 
programmes for the conservation and sustainable use of biological diversity éò.   

To initiate discussion on a core theme of this conference, this presentation will offer a 
preliminary assessment of Sarawakôs achievements in biodiversity conservation and utilisation, in the 
context of the goals of CBD, with particular attention to Articles 6, 7 and 8. It could also be helpful to 
consider further measures that might be adopted towards the sustainable utilisation of the biodiversity 
resource as encouraged in Article 10, and touch on dissemination and education, Article 13. Direct 
proposals towards these objectives made in this Plenary Address are numbered in bold, (1) ï (12). 

It is the role of a Plenary Address to stimulate constructive discussion and debate. I am grateful 
to several Malaysian colleagues for points of information, but the opinions and proposals in this paper 
are solely personal.  As an outside observer, it is not unlikely that I have overlooked relevant 
implementations successfully undertaken by the Sarawak State Government or institutions.  I 

                                                           
 
1
 Key articles from the Convention are repeated in the Appendix to this presentation. 

2
 A clade may be defined as a related group of organisms with a common ancestor. 
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apologise in advance for any such oversights, and I hope they will be corrected in discussion so that 
any final version can be free of such inadequacies.  Equally, some of my suggestions may seem 
impracticable to participants faced with the recurrent problems of financial management, the pressures 
of development and other important constraints that prevail in Sarawak.  None the less, I hope that 
these ideas may lead to the emergence of positive consequences from this Symposium.  
 
A global hotspot  

 
As we all know, the huge island of Borneo (~ 575,000 km

2
), transected by the equator, lies at the heart 

of western Malesia, one of three major world biogeographical regions of perhumid evergreen tropical 
rainforests noted for their rich biodiversity. Borneo shares many species with the other main 
landmasses of west Malesia, i.e., Sumatra, Java and the Thai-Malay peninsula, but also hosts a high 
proportion of endemics. Nowadays, in books, learned journals or, increasingly, on websites, there is a 
substantial and accessible resource treating the biodiversity heritage of Borneo.  The totality of 
references is large; selected examples will suffice for present purposes.  Among these, an impressive 
series of reference books has been published by Natural History Publications (Borneo). 

The flora of Borneo amounts to 10,000 ï 15, 000 species, compared with 8500 for Peninsular 
Malaysia (Fatawa and Mori, 2000).  Dipterocarps are especially numerous, with 267 species recorded 
of which 155 are endemic.  Species area curves for trees from Borneo sites are exceeded only by a 
plot from Peru (Morley, 2000). Early work at the LTER plot at Lambir FR, Sarawak, identified 1083 tree 
species (278 genera, in 72 families) in the 52 ha plot (Chai et al., 1995).  On a larger scale, Mulu 
National Park (544 km

2
) is estimated to support 3500 plant species (about 1500 being trees) and 8000 

fungi (Hazebrook and Abang Kashim 2001).  Ongoing specialist studies include a multi-volume 
Orchids of Borneo (ed. P. J. Cribb) published by the Sabah Society in conjunction with the Royal 
Botanic Gardens, Kew. 

Animal diversity is also exceptional. For example, a preliminary list of mammals of Borneo 
posted on Wikipedia by Mohd Tajuddin Abdullah3 comprises 288 terrestrial species, of which 102 are 
bats and 61 rodents, plus 91 marine species within territorial waters, i.e., about 7.2% of the global total 
of ~5400 species.  Among terrestrial mammals, the world checklist identifies 50 species as Borneo 
endemics (Wilson and Reeder, 2005). Davison (1999) listed 622 bird species, Das and Ghazally 
(2001, 2002) 105 lizards, plus crocodiles and turtles, and Inger and Stuebing (2005) 150 frogs.  
Invertebrate groups are strikingly numerous: the ómacroô moths alone amount to ~4500 species 
(Holloway, 1985 ï 2008), the phasmids exceed 350 species (Bragg, 2001), and the dragonflies 275 
species (Orr, 2003).  550 species of one beetle family (Cerambycidae) were found in ~1000 ha study 
plot in E. Kalimantan (Fatawa and Mori, 2000). 
 
CBD Preamble: ñConscious of the intrinsic value of biological diversity and of the ecological, 
genetic, social, economic, scientific, educational, cultural, recreational and aesthetic values of 
biological diversity and its components, éò 
 

There can be no doubt about the economic value of Sarawakôs biodiversity resource. For instance, 
timber extraction from natural forests has been a huge contributor to the State revenue.  The 
importance of wild animal meat in rural diets has been highlighted by Bennett et al., 2000), and the 
(unquantified) contribution of freshwater fisheries is significant (Latiff and Zakri, 1998).  Managed 
exploitation of natural colonies of edible-nest swiftlets can lead to personal prosperity (Lim and 
Cranbrook, 2000). Many other biodiversity resources, and their untilisation in Borneo, are listed by 
MacKinnon et al. (1996).  

The formulation of CBD in 1992 was preceded by the report of the World Commission on 
Environment and Development, entitled Our Common Future (1987).  This roused international debate 
on the concept of ñsustainableò utilisation of natural resources.  The hot issue of sustainability of 
tropical forest management (Poore, 1989) prompted the Chief Ministerôs invitation to the ITTO Mission 
to Sarawak of 1988-89.  The Mission report concluded that current logging practices were not 
sustainable, but could become so with certain specific actions. The debate on sustainable logging has 
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See http://en.wikipedia.org/wiki/Mammals_of_Borneo 
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now moved on with the establishment of the Forest Stewardship Council and Malaysian Timber 
Certification Council, which includes representation from Sarawak.  The regional debate on many 
other aspects of nature conservation and sustainability rumbles on (Wu, 2007).  Without ignoring the 
importance of this issue, for positive discussion at this conference let us look at some key articles of 
the CBD and their implications for Sarawak.   
 
CBD Article 7. Identification and m onitoring  
 
(a) A state i nventory of biodiver sity  

 
Although many of the original data may have derived from Sarawak, the bulk of published sources are 
pan-Bornean in treatment. More closely Sarawak-oriented inventories are needed in order to conform 
with CBD Art. 7, and to provide the baseline from which to assess progress towards the Millennium 
Goal of reduction in the rate of biodiversity loss by 2010.  The production of such inventories is the 
stated objective of Sarawak Forestry4.  Relevant achievements include publication of the 3-volume 
Tree Flora of Sabah and Sarawak, establishment of the Sarawak Herbarium, and the accumulation of 
information on plants used by local communities for food, medicines, handicraft and other traditional 
uses The publication of pocket guides to Sarawak flora, such as pitcher plants (Clarke and Chiôen Lee, 
2004) or gingers (Poulsen, 2006), contributes to this objective, while also meeting requirements for 
public education.  More cogently, the publication of field guides, and the dissemination of the means of 
identification by other means (including web sites) laudably encourages the assimilation of volunteers 
and ñparataxonomistsò into the official drive towards CBD objectives. 

Animal biodiversity is much higher than that of plants, so that the task of compiling Sarawak 
State inventories is more demanding.  Atackôs (2006) field guide to fishes of Kuching rivers is 
commendable, but a comprehensive guide to Sarawakôs rich freshwater fish fauna is lacking. Watson 
(1986) provided a list of Sarawak mammals, but his source is now out of date and a revised 
compilation needs to draw on new knowledge.  With evident deficiencies for planning purposes, it is 
reasonable to propose that effort should be dedicated to (1) abstraction of Sarawak inventories of 
animal species from existing pan -Borneo literature a nd other published sources.  

The zoological collections (off display) of the Sarawak Museum (SM) are used for teaching to a 
limited extent, and for reference by visitors and members of the voluntary community such as the 
Kuching branch of the Malaysian Nature Society. Whether remaining at SM, or transferred to another 
holder, these historically important specimens remain an under-used and poorly known resource. 
Many museums, world wide, have by now digitised their catalogues and many of these electronic 
versions are publicly accessible via websites. Production of a digitised catalogue would be fully 
compatible with the aspirations of the UNDP (Malaysia) project to set up a national natural history 
museum (NHM) (Ng, 2008). Regardless of progress on development of the national NHM, (2) a 
digitised catalogue of the zoological collections of the Sarawak Museum,  together with other 
collections in secure repositories elsewhere  (e.g., the entomology section of SFC, or Unimas), will 

enhance the Stateôs capacity to meet the objectives of GTI. The exercise would also build upon local 
expertise, potentially draw from international experience through technological transfer, while creating 
a digital centre for communication, education and public awareness of biodiversity (CBD Art. 13).  

The inability to identify (or obtain identifications of) specimens is a major component of the 
taxonomic impediment. The GTI recognises that, while resources for the identification (or description, 
if new) of species of large organisms, e.g., trees or vertebrate animals, are generally available, the 
most biodiverse groups are invertebrates, fungi and micro-organisms.  These require expert skills for 
correct identification and, indeed, most of them have not been categorized or given formal scientific 
names. The increasing deployment of molecular technologies has provided a novel tool to investigate 
taxonomic problems.  It has still been estimated that, while only 10% of vertebrates remain to be 
described, greater than 50% of terrestrial arthropods and up to 95% of nematodes and protozoa are 
undescribed.  

One approach to tackling this deficiency, through global inventories of large or small clades 
(PBIs), is likely to produce many species that are undescribed or otherwise require major revision to 

                                                           
 
4
 See forestry.Sarawak.gov.my/forweb/research/frc/facility/botany.htm. 
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complete their taxonomy.  New techniques can assist. Biotechnology has enhanced the researcherôs 
capability to define taxonomic boundaries and, sometimes, to identify cryptic species.  Molecular 
evidence can also assist the understanding of evolutionary relationships (Ghazally Ismail, 1998; 
Campbell et al., 2004; Jayaraj and Abdullah, under review; Kho et al., in prep).  

Some PBIs are supported by public money: in 2003, four awards were made by the US 
National Science Foundation for the study of plant bugs (Miridae), slime moulds (Eumycetozoa), the 
genus Solanum (containing nightshades, tomatoes, potatoes and related plants) and catfishes 

(Siluriformes). Comparable initiatives have also arisen by coordinated action of specialists. A botanical 
example is the Species Plantarum Project, set up in 1995 under the International Organisation for 
Plant Information, affiliated to the International Union of Biological Sciences (IUBS). Instructions to 
contributors and accounts of five relatively small families have already been published in hard copy, 
and accounts of two further families totalling nearly 1000 species in press (Brummitt et al., 2001), 
perhaps now published. A zoological parallel is the BioSystematic Database of World Diptera, of which 
the current version 10 contains nomenclatural data for an estimated 98% of all named flies, amounting 
to 156,599 species, in 11,671 genera and 154 families (Evenhuis et al., 2008).  To accomplish the 

huge task of a global inventory of a large clade, each PBI must engage a multinational team of 
taxonomic experts and involve institutions with biological research collections. In building up the State 
biodiversity database, it would be beneficial for Sarawak (3) to develop active awareness of relevant 
PBIs and to offer partnership, if only as a location for associated field studies. 

Of alternative approaches, the first is habitat based. For example, freshwater animal diversity is 
astonishingly rich and at the macro-biotic level exceeds marine biodiversity.  The global freshwater 
animal diversity assessment (FADA), involving a consortium of more than 100 taxonomists, has 
compiled world data on the diversity and distribution of vertebrates, insects, crustaceans and a suite of 
minor phyla (Balian et al., 2008).  Individual Sarawak river systems have been sampled, mainly for fish 
and fisheries (e.g., Anon, 1986), but a State-wide synthesis of the freshwater biodiversity 
resource is needed (4).  Other habitats of importance that could be treated in a State inventory 

include estuarine waters and mangrove. 
A second alternative approach is the local, regional or national ñall taxaò initiative (ATI).  An 

example at the national scale is the Swedish Taxonomy Initiative to create a total inventory and 
develop keys for the identification of all multicellular organisms of Sweden.  Started in 2002, the work 
has since discovered so many new species (for instance, 2000 previously unknown insects, about 
one-third of which are new to science) that the time scale will certainly be extended (Ronquist, 2008); 
the estimated 20-year cost runs to US$ 200 million.  

Such huge sums of money appear daunting but, if spread over time and through existing 
institutional resources, the investment is not unattainable. Within annual research budgets, Sarawak 
Forestry has promoted multi-taxa inventories (MTI) of the Stateôs National Parks, published in the 
house journal Hornbill and elsewhere.  External funding supported the first coordinated project of SBC, 
the survey of the Bau limestone area (Yong et al., 2004). This was a good example of a local MTI 
applied to a limited area of distinctive topography and land settlement. The human effort and overall 
budget of this exercise provide a model for similar studies under Sarawak conditions, such as 
Sarawak Forestryôs current study on the Pedawan/Serian limestone area.  The results of these, and 
comparable studies by others, can be collated. (5) An overview of the local inventories already 
achieved could then lead to a coordinated programme towards a full S tate inventory.  

 
Art 7. (b) Monitoring  

 
Nature is dynamic and, when people intervene, for instance through hunting, agriculture, forestry or 
mining, natural systems are disrupted, species populations altered and the balance of communities 
shifted.  Article 7 (2) of CBD requires monitoring ñthrough sampling and other techniquesò.  The 
techniques required by a monitoring are likely to be the same as those useful in sampling. Fifty years 
ago, the mist-net revolutionised knowledge of Sarawak birds (particularly understorey passerines), and 
monel-metal cattle ear-tags (provided by Great Glemham Farms) were used to initiate the tagging of 
turtles on Talang-talang and Satang.  New technologies once again offer new insights into the 
distribution and behaviour of animal species: for instance, harp nets for bats, implanted transponders 
for small animals, satellite tracking by gps and new, compact, long-lasting and weatherproof cameras 
for photo-trapping, with or without lures, still and video, by natural light or by infra red. Already, photo-
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trapping has been used to monitor wildlife in Sarawak planted forests (Giman et al., 2007) and to 
investigate the distribution of the rare bay cat Catopuma badia (Mohd-Azlan and Sanderson, 2007). 
(6) For cross -comparisons between pl ace and time, monitoring sites should be selected and 
methods and protocols need to be standardised.  
Ar t 8. In-situ  conservation  

 
(a) Protected areas: s election, management and protection  
 

Since the first National Park at Bako in 1958, Sarawak has undertaken a progressive policy in the 
selection and designation of Totally Protected Areas (TPA), as National Parks, Wildlife Reserves and 
other designations.  The programme is still unrolling and it is encouraging that local communities are 
increasingly involved. In the case of the Bungoh range, decisive support for a new NP came from the 
Bidayuh communities of the Krokong area (pers. obs.).  A long-term target for TPAs had been 10% of 
the State area; the present achievement is ~ 700,000 ha, i.e about 5.4% of the State area of 13 M ha.  
However, the natural richness of the tropical biota creates special difficulties in Sarawak.  Many of the 
components of the extraordinarily rich biodiversity are rare, or localised in distribution, creating special 
problems for in-situ conservation.  For rare organisms (whether forest trees or herbaceous plants, or 
vertebrate or invertebrate animals) exceptionally large areas may be needed for effective conservation 
of viable populations (7) It is important to keep a perspective on the programme of TPA designation, in 
the light of the known distribution, population densities and ecological requirements of individual 
species. 

The management of TPAs and protection of biodiversity within their boundaries may require 
effective management of people outside the pay-roll of protection and enforcement agencies. Some 
Sarawak TPAs with open boundaries, easily accessible from adjoining land, are particularly vulnerable 
to illegal intrusion and consequent depletion of the biodiversity resource.  For instance, I myself have 
witnessed wholesale illegal extraction of timber from Samunsam.  Regulations encouraging the 
appointment of Honorary Wildlife Rangers have been introduced, and indicate one route whereby local 
community involvement can be enlisted. Education and out-reach programmes are important aspects 
of the management and protection roles. But, experience elsewhere in the world indicates that (8) 
enduring biodiversity protection is dependent on the widespread acceptance by people, a t all 
levels of society, of the values of natural biodiversity and the objectives of protective 
legislation (CBD, Art. 13) .  

 
Art. 8 (b) Rehabilitation, restoration and recovery  
 

Sarawak is a large State. The ordinary visitor, especially when travelling along established routes such 
as the main highways, is struck by the extent of areas of apparently degraded forest land. Of course 
there are recognised ownership and agronomic factors involved, and social, economic, regulatory and 
other reasons why reforestation is not at all easy. From the perspective of scientific ecology, however, 
projects and programmes to replant native forest species are a first step towards biodiversity 
restoration, for instance, Samajaya at Setutong.  Native tree plantations, even of small size, are likely 
to attract and maintain populations of dependent or semi-dependent small animal species, invertebrate 
or vertebrate, and are being encouraged by the ñTrees for lifeò project (MNS and SF). (9) 
Encouragement of the re -establishment (on  any scale) of native timber trees could improve the 
prospects of sustainability of ecologically linked animal communities.  

Nineteenth-century travellersô accounts, past tales of hunting prowess, and other anecdotal 
sources together point out the losses of large vertebrate diversity that have occurred in Sarawak in 
historic times.  Archaeology has exposed significant changes in the large mammal fauna over a longer 
time scale.  The principal site in Sarawak, at Niah, is well known; other sites at Jambusan (Bau district) 
and Sireh (Serian district), and at Madai cave, Sabah, have yielded important confirming data. 
Identification of the animal remains recovered from these excavation have shown that the past 
distributions of orang-utan, Sumatran rhinoceros and banteng were much wider than historic records 
suggest.  Moreover, three large mammals are shown to have been present in Sarawak, in each case 
possibly within the past 1000 years and even within the past couple of centuries: Javan rhinoceros, 
Malay tapir and tiger (Cranbrook and Piper, 2007).  Piper and Cranbrook (2007) have offered a 
worked proposition for the reintroduction of the Malay tapir in the Grand Perfect concession. (10) The 



  Biodiversity Conservation and Utilisation in Sarawak 

8  Session 1: Value of Biodiversity 

possibility of managed re -introductions of Malay tapir from Peninsular Mal aysia (or Sumatra), 
or Javan rhino from Java, deserve professional evaluation.  

 
Art. 8 (c) Prevent the introduction of, control, or eradicate invasive species  

 
Alien herbaceous or bushy plant species abound in Sarawak, particularly in cultivated or disturbed 
areas including roadsides, paths and gardens (e.g., sensitive plant, Siam weed, the smothering 
creeper Mikania).  Among bird-dispersed tree species, the alien óceriô Muntingia, is widespread in 
waste land at the edges of cultivation and, because of its edible fruits, often in fact encouraged by 
rural people or urban householders. So far as I know, these plant introductions have not invaded 
undisturbed natural vegetation.  The expansion of Acacia mangium plantations, however, merits a 

watch. As yet, this alien tree has not penetrated closed forest but it is clearly spreading in disturbed or 
secondary habitat.  

The aquatic habitat is especially at risk. The ITTO Missionôs report identified the impacts of 
logging on freshwater habitats as being severe, and the greatest impediment to sustainability.  The 
heightened turbidity of the great rivers of Sarawak, so visible from the air, remains witness to 
persistent environmental deterioration. The additional impacts of introduced species on the native 
aquatic fauna are unquantified.  The introduced American bullfrog is thought to displace native 
amphibians.  The fish faunas of ditches, ponds and small streams have been altered by escapes from 
fish ponds, such as Tilapia varieties, and releases of exotic aliens from aquariums, such as members 
of the carnivorous South American piranha group.  The extent of affected waters has not been 
surveyed in detail. (11) The distributions of alien aquatic animals in the freshwater environment 
need to be surveyed, and regulations to prevent further releases of alien species need to be 
enforced.      

Urban bird communities have changed dramatically in past decades. The first appearance of 
the tree sparrow Passer montanus was monitored by Harrisson (1974), and the species is now 
pervasive. Mynas Acridotheres tristis and A. cinereus also appeared from the 1970s, and have 

multiplied in the Kuching area and elsewhere (Davison, 1999; pers. obs.); their nest parasite, the koel 
Eudynamis scolopacea will surely increase accordingly. These introduced species seem to have 
ousted others of similar habits, including the earlier introduction, Java sparrow Padda oryzivora.  More 
to be feared is the house crow Corvus splendens, an unspecialised predator that has spread 
phenomenally in Peninsular Malaysia. (12) Vigilance is necessary to detect the arrival of further 
alien birds; the house crow presents a high risk to local biodiversity and, if it appears, should 
be eradicated at once.  
 
CBD Article 10. Sustainable Use of Components of Biological Divers ity  
Integrate consideration of the conservation and sustainable use of biological resources into 
national decision -making;  

 
CBD Article 18. Technical and Scientific Cooperation  
Promote international technical and scientific cooperation in the field of conservation and 
sustainable use of biological diversity . 

  
A dozen suggestions for action have been made, above. In many cases, cooperative engagement with 
another local body, or a foreign institution or international agency, could assist in implementation. 
Whether or not these suggestions are adopted, the test of fulfilment of Articles 10 and 18 requires 
clarification. In short, which Minister, Department or agency should grasp the varied and complex 
issues involved in a strategic overview of the sustainable use of the components of biological diversity 
in Sarawak, and integrate consideration of these into State decision-making? 

The first Sarawak Biodiversity Centre Ordinance, 1977, set up a grand vision of SBC with the 
defined roles (under Section 5), not only of providing Government and other approved institutions with 
ñaccurate (!) information or dataò on the Stateôs biodiversity, but also inter alia to determine policies 

and guidelines for the use of biological resources, to keep records, hold collections, identify research 
priorities, establish linkages within Malaysia or outside the country, and generally to promote 
education and understanding of biodiversity. 
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For a variety of reasons, this broad, all-embracing, powerful and independent new agency 
encountered obstacles and objections that led to the curtailment of its remit.  The Sarawak Biodiversity 
Centre (Amendment) Ordinance, 2003, enacted a heavily revised S. 5 which led to the four current 
functions of maintaining a library of extracts, undertaking research into traditional usage of biodiversity 
among Sarawak communities, providing screening facilities for bioactive compounds, and establishing 
partnerships (within Malaysia or overseas) to develop products from the biological resources of the 
State. 

In addition to the new SBC, at its foundation in 1997, there already existed long-established 
and well-resourced State agencies with functions that partly met the requirements of CBD, including 
departments of forestry (and SFC), agriculture, fisheries, the museum, and the growing number of 
university biology departments. Each of these contributes to the target, but it is not evident to me that 
all of them mutually cooperate towards the objectives of CBD. Nor is it evident that theses bodies have 
a coordinated approach to international funding, or a shared awareness of opportunities for 
international cooperation with initiatives such as the UK Natural Environment Research Councilôs 
strategic biodiversity theme (Peck, 2008), or the British Ecological Societyôs Tropical Ecology Group 
(Gosling, 2008). 

With the intention, as I have already said, of promoting (or provoking) discussion, I make a final 
proposal, that, in order to fulfil the obligations of a Contracting Party to CBD to integrate consideration 
of the conservation and sustainable use of biological resources into national decision-making, and to 
promote international technical and scientific cooperation in the field of conservation and sustainable 
use of biological diversity, thereby releasing for the benefit of the people of Sarawak the full value of 
the Stateôs biodiversity resources, there needs to be a single over-arching body, with an adequate 
budget, that will bring together, on an equal footing, all available expertise from the diversity of 
relevant State departments, agencies, institutions, universities and research centres, together with 
experienced individuals and voluntary conservation bodies.   
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Appendix  

 
Article 6. General measures for conservation and sustainable u se  

 
Each Contracting Party shall, in accordance with its particular conditions and capabilities:  

(a) Develop national strategies, plans or programmes for the conservation and sustainable 
use of biological diversity é; and 

(b) Integrate, as far as possible and as appropriate, the conservation and sustainable use of 
biological diversity into relevant sectoral or cross-sectoral plans, programmes and 
policies.  

 
Article 7. Identification and m onitoring  

 
Each Contracting Party shall, as far as possible and as appropriate, in particular for the purposes of 
Articles 8 to 10:  

(a) Identify components of biological diversity important for its conservation and sustainable 
use having regard to the indicative list of categories set down in Annex I;  

(b) Monitor, through sampling and other techniques, the components of biological diversity 
identified pursuant to subparagraph (a) above, paying particular attention to those 
requiring urgent conservation measures and those which offer the greatest potential for 
sustainable use;  

(c) Identify processes and categories of activities which have or are likely to have significant 
adverse impacts on the conservation and sustainable use of biological diversity, and 
monitor their effects through sampling and other techniques; and  

(d) Maintain and organize, by any mechanism, data derived from identification and 
monitoring activities pursuant to subparagraphs (a), (b) and (c) above. 

 
Article 8. In-situ  conservation  

 
Each Contracting Party shall, as far as possible and as appropriate:  

(a) Establish a system of protected areas or areas where special measures need to be 
taken to conserve biological diversity;  

(b) Develop, where necessary, guidelines for the selection, establishment and management 
of protected areas or areas where special measures need to be taken to conserve 
biological diversity;  

(c) Regulate or manage biological resources important for the conservation of biological 
diversity whether within or outside protected areas, with a view to ensuring their 
conservation and sustainable use;  

(d) Promote the protection of ecosystems, natural habitats and the maintenance of viable 
populations of species in natural surroundings;  

(e) Promote environmentally sound and sustainable development in areas adjacent to 
protected areas with a view to furthering protection of these areas;  

(f) Rehabilitate and restore degraded ecosystems and promote the recovery of threatened 
species, inter alia, through the development and implementation of plans or other 
management strategies;  

(g) Establish or maintain means to regulate, manage or control the risks associated with the 
use and release of living modified organisms resulting from biotechnology which are 
likely to have adverse environmental impacts that could affect the conservation and 
sustainable use of biological diversity, taking also into account the risks to human health;  

(h) Prevent the introduction of, control or eradicate those alien species which threaten 
ecosystems, habitats or species;  

(i) Endeavour to provide the conditions needed for compatibility between present uses and 
the conservation of biological diversity and the sustainable use of its components;  

(j) Subject to its national legislation, respect, preserve and maintain knowledge, innovations 
and practices of indigenous and local communities embodying traditional lifestyles 
relevant for the conservation and sustainable use of biological diversity and promote 
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their wider application with the approval and involvement of the holders of such 
knowledge, innovations and practices and encourage the equitable sharing of the 
benefits arising from the utilization of such knowledge, innovations and practices;  

(k) Develop or maintain necessary legislation and/or other regulatory provisions for the 
protection of threatened species and populations;  

(l) Where a significant adverse effect on biological diversity has been determined pursuant 
to Article 7, regulate or manage the relevant processes and categories of activities; and  

(m) Cooperate in providing financial and other support for in-situ conservation outlined in 
subparagraphs (a) to (l) above, particularly to developing countries. 

 
Article 10. Sustainable use of components of biological diversity  

 
Each Contracting Party shall, as far as possible and as appropriate:  

(a) Integrate consideration of the conservation and sustainable use of biological resources 
into national decision-making;  

(b) Adopt measures relating to the use of biological resources to avoid or minimize adverse 
impacts on biological diversity;  

(c) Protect and encourage customary use of biological resources in accordance with 
traditional cultural practices that are compatible with conservation or sustainable use 
requirements;  

(d) Support local populations to develop and implement remedial action in degraded areas 
where biological diversity has been reduced; and  

(e) Encourage cooperation between its governmental authorities and its private sector in 
developing methods for sustainable use of biological resources. 
 

Article 13. Public education and awareness  

 
The Contracting Parties shall:  

(a) Promote and encourage understanding of the importance of, and the measures required 
for, the conservation of biological diversity, as well as its propagation through media, and 
the inclusion of these topics in educational programmes; and  

(b) Cooperate, as appropriate, with other States and international organizations in 
developing educational and public awareness programmes, with respect to conservation 
and sustainable use of biological diversity. 

 
Article 18. Technical and scientific c oopera tion  

 
The Contracting Parties shall promote international technical and scientific cooperation in the field of 
conservation and sustainable use of biological diversity, where necessary, through the appropriate 
international and national institutions. 
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Abstract  

 
Malaysia is well endowed with rich and diverse natural asset which has been in the custodian of 
indigenous communities for ages.  Efforts to conserve and sustainably utilize the diverse ecosystem, 
rich flora and fauna and the possible use of genetic materials have been taken through the national 
and state efforts in establishing National Parks, State Parks, Wildlife Sanctuaries, Virgin Jungle 
Reserves and other protected forests.  To-day a total of 1.39 million ha (about 7.6%) of the forest of all 
types have been set aside for in situ conservation of biodiversity. It is hoped that these protected areas 
have captured most of the diverse and useful species of plants and animals found in various 
ecosystems. Biodiversity affects the lives of rural Malaysians more than it does to the more affluent 
urban communities. Much of the advances in agro-industries, forestry, bioprospecting, supply of clean 
water and electricity, flood control and maintaining of ecological functions and balance had impacted 
the structure, organization, traditional practices and culture of rural communities that had contributed 
to impoverishment of their life style.  Indigenous culture especially the use of medicinal plants is often 
kept out of the definition of physical and social development.  There are evidences that diversity has 
become tenets of great religions, traditions and beliefs.  There are also examples both at global and 
local levels where the diverse culture, through uses of resources have contributed to our 
understanding of human's dependence on the complexity of biodiversity. However, developing and 
marketing biodiversity to create new wealth can be a complex and frustrating task. It is often said by 
those with experience that, ñDeveloping biodiversity is more difficult than conserving it!ò. There are 
many reasons for this, and some are less obvious. Underlying all of them is the need to recognise the 
science value chain and the different techniques and competencies required to manage and package 
biodiversity for strategic planning and management programmes.  The science value chain can 
broadly be described in the following sequence : idea, proof of concept, working prototype, early 
customisation and installation of products and commercialization.  The traditional sellers and 
international buyers of biodiversity usually operate in different paradigms with different view points of 
the same subject.  This paper attempts to illustrate a framework within which biodiversity can support 
commercialization of traditional knowledge such as in biodiversity prospecting and eco-tourism. 
 
Introduction  

 
Malaysia is one of the 12 megadiversity countries of the world.  These 12 countries altogether contain 
at least 60% of the worldôs known species of living organisms.  In Asia among the biodiversity rich 
countries are China, India, Indonesia, Papua New Guinea, Malaysia, Thailand, The Philippines and 
several others. Malaysia is situated in the western part of Malesia and between two great floras and 
faunas, the Asiatic flora and fauna in the north and the Australian flora and fauna in the south. The 
flora and fauna of Malaysia is exceedingly rich and had been conservatively estimated to consist about 
15,000 species of flowering plants (Bidin and Latiff, 1995) and more than 1,170 species of ferns 
(Parris and Latiff, 1997).  For Peninsular Malaysia alone, more than 8,500 species of seed plants have 
been catalogued (Turner, 1995). The tree taxa were well treated taxonomically through the Tree Flora 
of Malaya project (Whitmore, 1972, 1973; Ng 1978, 1989) and the Tree Flora of Sabah and Sarawak 
(Soepadmo and Wong, 1995; Soepadmo et al., 2004). For Peninsular Malaysia there are more than 
2830 tree species were enumerated and over 26% of these tree species are endemic (Ng et al., 

1990). However, the fate of non-tree taxa is not well documented as well as the tree taxa, except for 
orchids, grasses and palms, begonias and several other groups. 

The fate of the Malaysian fauna is no better as the country still lack a comprehensive fauna. 
Except for the avifauna, fish fauna, herpetofauna, mammals and several other groups, most of the 
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insects are unknown. Many more species are yet to be described but their habitats are consistently 
being destroyed and degraded. 

Malaysia has undergone and is still undergoing tremendous physical and socio-economic 
development, especially in the last 20 years or so, paving the way for future industrialisation by the 
year 2020. In the process of achieving that end through exploitation of natural resources some forms 
of endangerment to the environment and biodiversity was inevitable. It is quite natural to expect a 
continuous process of habitat transformation, forest fragmentation, conversion of forest lands to 
agriculture and destruction of rural landscape which have taken great and significant toll of our rich 
biodiversity to leave a tremendous impact on our environment. Although this concomitant loss of 
habitat and also species has not been quantified scientifically, by and large the scientists, public and 
the administrators in Malaysia recognised the gradual but steady loss of biodiversity. These losses are 
real and rationally it should be addressed before it is too late.  
 
A brief Introduction to b iodiversity  

 
Biodiversity may be introduced to the public at three levels of organisation, namely the ecosystem or 
community, species and genetic diversity. From the coasts to the mountains there is a spectrum of 
natural ecosystems, each contains a very specific community of plants and animals, including the 
microbes. These biotic components together with the abiotic components have made the ecosystem 
functioning very well not only for their inhabitants but also for human populations through ecosystem 
services. The ecosystem services have been free and yet humans were not grateful to them. The 
species diversity has been realized by numerous taxonomic studies either at family or genus level. It 
also may be realized through the study of taxonomic composition of the ecosystem. However, genetic 
diversity is still in its infancy stage.  

Over the years there had been tremendous environmental degradation and forest loss due to 
socio-economic development that was planned and implemented both by the state and federal 
governments. The irony is that much of the biodiversity resources, especially those of species and 
genetic diversity have yet to be understood, studied and documented, and hence would definitely 
impede our efforts to better utilise them sustainably for our own benefits and those of generations to 
come. 

The diversity of biological resources provides direct economic benefits such as timber products 
and some non-timber goods in the forestry sector, such as rattans, bamboos, fruits and others. 
Biodiversity provides food security for the nation and industrial crops for the agricultural sector, and 
food in the fisheries sector. Certain indigenous plants, animals and their derivatives have long been 
used in traditional medicine by various ethnics in Malaysia.  Many plants, not presently used in 
traditional medicine, and some have also been found to contain biologically active compounds that are 
likely to be starting materials for a large number of drugs.  A case in point is the recent discovery of 
chemically active compounds in the bark of Callophylum lanigerum and C. teysmanii which have 
positive reactions against the HIV virus. On the basis of the above, there is tremendous prospect to 
promote the development of natural products as an industry in this country. 
 
Biodiversity for b iotechnology  

 
The world community also recognizes the sovereignty of our natural resources and they also 
recognized some forms of equitable sharing of the biodiversityôs monetary and non-monetary values, 
to spur biotechnology cooperation, and to establish mechanisms (such as GEF) to finance some 
investments in maintaining and utilizing biodiversity, especially in the biodiversity-rich countries, like 
ours. 

Over the years, we have heard a number of foreign scientists who talked about the potential of 
using biotechnology to realize the commercial potential of food crop productivity, fisheries harvest, 
producing fine chemicals and even in waste management. And I envy such high hopes and dreams of 
those learned scientists! These scientists knew what they were talking about, and many of them based 
on their personal experience. More relevant to all of us when I realized that Malaysia could offer such 
resources to realize the biotechnological dreams of those scientists from the developed countries, 
working together with the local scientists. More relevant is, for a start, such a rich resource could be 
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harness by the local scientists either working locally or in collaboration with foreign scientists to 
develop certain commercial products through biotechnology. 

However, we were also told that many small and smart start-up companies in western countries 
suffered from backlash of investments in biotechnology. Most venture capital companies also realized 
that biotechnology is expensive and time-consuming. That is why we felt a little perturbed and 
sometimes emotionally upset when the local scientists, policy makers and science managers 
envisaged biodiversity promises many potential for local biotechnology. Many people tend to equate 
our potential with those that exist in many laboratories of the developed countries. As a scientist I have 
visited many laboratories in Japan, South Korea, Germany and England, and we can say, without fear, 
that our laboratories are 50 years behind them. Thus, it poses several questions on our real and 
perceived capacity to address these issues. For thought, we have a couple of questions to ask these 
prophets of science. How many bacterial and fungal isolates have we made in our own laboratories in 
the last 10 years that promise certain break-through in biotechnology? We know some local scientists 
worked with their counterparts in developed countries, but we did not know of their progress. How 
many of them that shows promises in fermentation or industrial technology and medical technology 
that could be developed by local industries? We were informed that there are no local industries with 
adequate venture capital which dare take the plunge in this biotechnology.  

How many genetic transformations of food crops have we produced for our agriculture? We 
also knew some of our scientists had made break-though in this field in our oil palm and rubber 
biotechnology. More relevant this is now that, the Honourable Prime Minister has wanted Malaysia to 
realize our food security through intensive agriculture. We are sure many budding, small and medium 
industries in agriculture will mushroom our industrial landscape in the next 10 years. Recently, we read 
in the local paper that a prominent Chinese rice breeder has been invited to develop certain rich 
cultivars in our own paddy fields. Is this a way forward? 

Many more questions follow. How many fine chemicals have we isolated and characterized in 
the last 10 years to harness pharmaceutical industries? All we heard that foreign chemists had done 
so from our plants with the help of the locals.  How many of these will make to the pharmacy shelf in 
10 years from now? Of course, I believed that somewhere out there, there are answers that I do not 
think of, as of now. Perhaps the advent of high-throughput screening for secondary metabolites will 
deeply affect the field of natural products and chemical modeling and simulation. One foreseeable 
consequences of this new scientific context, where massive data are produced exclusively at the 
molecular level, is an increased emphasis on constructive modeling approaches, starting from 
molecules to produce pharmaceutical products.  

In the medical science, on the other hand, the completed human genome project may also hints 
some answers to some of the world worst enemies such as cancer, etc. As a plant taxonomist who 
professes some humble philosophy of enhancing local scientific capacity in biodiversity, much is yet to 
be done to biodiversity before we could talk about using biotechnology to realize our dreams that are 
product-driven. We need to know the mechanisms of harnessing ecosystem services to assist 
biotechnology and we need to know how discoveries of new strains of bacteria and fungi in our local 
ecosystems could directly help biotechnology. Sometimes, we also asked ourselves do we have the 
human resources and the laboratory capacity to address such issues in modern biotechnology. 
Perhaps the various research institutes that are planned for the countryôs Biovalley have some 
answers. 
 
Economic b enefits  
 

In the past the country had relied heavily on timber from the most productive lowland dipterocarp 
forests and the two most important imported agricultural crops, rubber and oil palm as foreign 
exchange earners. The logged forests lands gave rise to agro-plantations, oil palm and rubber 
plantations as well as other commodity crops. These are the three natural major earners, in addition to 
pineapples, pepper, cocoa, etc.  In the light of depleting hard-wood and medium-wood timber 
resources, the country has gone to agro-plantations. Millions of hectares are grown with Acacia 
mangium, Gmelina arborea and some other exotic species for the supply of soft wood products. 
However, much of the present day foreign exchange has been derived from non-timber resources 
such as rubber-wood, rattans, palms, resins, fruits, medicinal plants and orchids (de Beer and 
MacDermott, 1996). The genetic diversity of these non-timber resources are being threatened by 
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genetic erosion as a by-product of excessive logging. In particular the advancement in floriculture and 
biotechnology is going to be dependent on indigenous biodiversity. Lately biotechnology has helped 
tremendously in the introduction of Timber-Latex Clone for rubber, excellent breed of oil palms and 
other commodity crops. These augurs very well for agro-industrialisation of the country in light of 
depletion petroleum. 
 
Food security  

 
The genetic diversity of our staple food (Oryza sativa) and commodity crops such as rubber has been 
consistently eroded by changes in climatic and water regimes both in the country as well as in other 
agricultural countries. Elsewhere genetic engineering and biotechnology are being utilized to improve 
the current cultivars and hence produce more rice for the world. However, such an undertaking will not 
go easy with the more conservative consumers. The supply of edible fruits and nuts from the forests 
and village orchards has been irregular and threatened. This has affected the local village market. 
Realising the population is increasing steadily annually, the country must ensure that food security 
problems are addressed so that the future generations will not go hungry and malnutrition prevails. 
 
Value of traditional k nowledge  
 

In 1992 the Convention of Biological Diversity (CBD) was held at Rio de Janeiro, Brazil, in conjunction 
with the United Nations Conference on Environment and Development (UNCED). The CBD is the 
most important document discussed and negotiated by many countries and parties and subsequently 
it paved the way for establishing the Global Environmental Facility, a global-scale funding mechanism, 
Conference of Parties (COP), a global negotiation forum, among others. As of February 1995, a total 
of 168 countries have signed this Convention, while in April 1995, already 118 countries had ratified it. 
Malaysia signed it on 29th December 1993, thus becomes a party to it. The CBD has been considered 
as one of the most significant and far-reaching environmental treaties ever developed. However, from 
the on-set of negotiation of CBD until to-day there is an underlying dissension between countries of 
the North and of the South which lies on the fact that for the former biodiversity is essentially a global 
issue, thus belonging to the world community. Conversely, developing countries of the South tend to 
show a strong 'country-driven' approach in order to make use of their biodiversity for economical and 
developmental benefits and to ensure equity in the transfer of appropriate technology for application in 
agriculture, forestry and industry. 

Malaysia, having ratified the CBD is working towards incorporating into its national policies and 
planning a set of commitment under the treaty. Thus it is facing this global challenge with a few 
initiatives at national and institutional levels. By far the most significant steps taken by the country is to 
initiate a Biodiversity Country Study and to formulate the national policy on Biological diversity. One of 
the important aspect of the Biodiversity country study is to present the state-of-the art of the socio-
economic factors affecting biodiversity. With increasing population there will be increasing demands 
for infrastructure development, lands and resources.  And cultural factors can play a significant role in 
use of biodiversity and the conversion of forest land to agriculture. This conversion may have a major 
effect upon the appearance of the landscape especially in rural areas. 

The national policy on biological diversity includes a policy statement, "to conserve Malaysia's 
biodiversity and to ensure that its components are utilised in a sustainable manner for the continued 
progress and socio-economic development of the nation". This motherhood statement is formulated in 
such a manner that it observes the ethics and the inherent right to existence of all living forms which is 
deeply rooted in the religious and cultural values of all Malaysians. One of its objectives is to enhance 
scientific and technological knowledge and educational, social, cultural and aesthetic values of 
biodiversity. 
 
Biodiversity for e cotourism  
 

To-day we are engaged in speeding up losses in species and their ecosystems, some knowingly and 
others unknowingly. Our understanding of the value of ecosystems, species and genes is so low that 
we sacrificed most of the components that may ensure our survival. Until the industrial revolution, the 
effects of human activities were local, or at worst regional, rather than global. All the great civilisations 
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of the past have cleared land for cultivation, introduced plants and animals from elsewhere, and 
caused lasting change. The consequence of such industrial revolution include population growth, huge 
growth in consumption of the resources and saturation of its sinks, notably the river systems and 
oceans. Higher standards of living inevitably involve higher consumption of food and more waste. 
Higher consumption of resources in rich countries and heavy pressure in poor ones had already 
changed its face. Similarly, at the local level higher consumption in towns put pressure on rural areas. 
Demand for more water and energy give similar effect on the rural populations. These are the issues 
that have the social and political implications. 
 
Ethical  - Do the exploiters have the right to exterminate plants, animals fungi and planktons, etc. that 
are used in many traditional societies. This has the basis that the capitalist man see humans as 
separate from the rest of nature. But respect for life as such has always been a central tenet of 
Buddhism, Taoism, Christianity and Islam, among other systems of belief. 
 
Aesthetic  - The rural populations are used to the beautiful greeneries and landscapes. With certain 

development activities these rural landscapes may be changed forever and representing a total loss. 
Examples of such loss are the construction of roads and highways across the rural villages, factories 
in rural areas, new townships, etc. In reality these kind of development affect the livelihood of 
traditional communities. 
 
Direct economic  - Malaysians have realised the direct economic importance of biodiversity, 
especially plant and animal species diversity. The exploitation of various timber species as source of 
hard tropical wood is a testimony of our understanding of the potential of diversity. More and more 
lowland dipterocarps forest are being logged to obtain foreign exchange needed to develop the nation. 
In such as development in many instances, the traditional communities are sidelined. The question of 
sustainability does not arise because we believe we still have plenty of the resources. Many people 
still do not comprehend the concept of susutainable development, let alone the sustainability and 
renewal of natural resources. 

As well as conserving biodiversity  at the level of species and ecosystems through in situ 
conservation, we also need to cherish the genetic diversity that occurs within them. The wild relatives 
of useful strains of our economic crops, fruit trees, vegetables, domesticated animals etc. are often 
loss when natural habitats are converted for other land uses (Osman et al., 1995). Without a large 
natural genetic reservoir, we make our food supplies vulnerable to diseases. 

The pristine tropical forests and corals are a major attractions of the modern ecotourists. 
Malaysia is sitting both in the centre of the most diverse and oldest tropical rain forests in the world. 
The likes of Orang utans, proboscis monkeys, hornbills, Rafflesia, orchids among others are still the 

iconic biodiversity that attract the tourists from the Far East, Middle East and Europe. These tourists 
would pay substantially to observe some of these floras and fauna, in addition to traveling in the green 
tropical forests. This is a great ñgreenò asset for the country. Malaysia also is sitting in the centre of 
Coral Triangle with a great diversity of corals and tropical fishes in the vicinity of many off-shore 
islands. Mabul and Sipadan Islands in Sabah and Pulau Langkawi and Pulau Tioman in Peninsular 
Malaysia have been hosts to divers from all over the world. 

 
Issues for  effective  management of  biodiversity assets  

 
IUCN (1997) recognized six categories of threatened plants, namely extinct (Ex), Extinct/Endangered 
(Ex/E), Endangered (E), Vulnerable (V), Rare (R) and Indeterminate (I). These categories are clearly 
and extensively defined. However, Lim and Whitmore (2001) argued that for ease of application in the 
field, complex classification of status as proposed by IUCN can be replaced by a simple index for 
monitoring observable endangerment. Four categories were subsequently proposed, graded in 
ascending degree of survival or perceived survivability, also in order of urgency for rechecking extant 
populations. Category 1 is for already rare, which calls for urgent protection and regular surveillance of 
sites; category 2 for not yet rare, rapid reduction in population anticipated due to habitat loss; category 
3 is for sporadic distribution and adequate surviving population to be identified and category 4 is for 
relatively common and widespread but local protection is desireable. 
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There are several causes of rarity of species in Peninsular Malaysia and these include: The 
plant specimens are present in the wild but were not collected by the collectors over time and these 
species are not quite known locally. The populations are isolated in distribution and probably the 
population is on the verge of extinction. Some species have suffered from over-collected or over-
exploited and some taxa probably are newly evolved. 

An endangered species is a species in serious risk of disappearing from the wild within one or 
two decades if present land use and other causal factors continue to operate (Cropper, 1993). Such 
species usually represent the rare and unusual end of the spectrum of biodiversity. Rarity may arise 
from the fact that the species has a highly specialized and unusual habitat requirement which is 
extremely restricted in distribution. In other words rare species are not necessarily endangered 
species unless there are threats to their habitats. At population level some of the criteria that are worth 
noting for conservation efforts include: 

¶ Minimum Viable Population. An estimate of the number, density, frequency of the viable 
population must be made 

¶ Minimum Dynamic Area. Similarly, an estimate of its reproductive range should be 
ascertained 

¶ Loss of genetic Variability. Through DNA studies an estimate of genetic variability could 
be made 

¶ Inbreeding Depression. As estimate by population and genetic studies 

¶ Outbreeding depression. Similarly an estimate by population and genetic studies could 
be initiated 

¶ Demographic variation. As estimate by population studies in various habitats such as 
Virgin Jungle Reserve may be considered. 

¶ Environmental Variation. As estimate the effect of environmental factors on populations 

¶ Extinction Vortex. if any. 
 

Some conservation measures may be adopted. These include: 

¶ Study population natural history as far as known. This is lacking for the endemic species, 
especially for those which are considered very rare and rare. 

¶ Monitoring populations from time to time. As proposed by Lim and Whitmore (2001) such 
threatened populations must be monitored frequently. 
(i) Demographic studies covering adults, saplings, regenerants. Ecologists should 

now consider some demographic studies involving not only adults but saplings 
and a series of regenerants. 

(ii) Establishment of new population. If nee arises, new population may be 
established from seeds or through tissue culture of species which are at the brink 
of extinction 

(iii) Improve the scientific knowledge base of endemic species. Our scientific 
knowledge about endemic species is yet to be realised. There is great progress 
with the tree taxa but not with the non-tree species.  

(iv) Develop a centre of excellence in threatened plants. Some cooperative research 
between research institutes and universities may be explored to address this 
issue.  

(v) Strengthen the institutional framework for biodiversity management.  There should 
be an agency to coordinate all biodiversity management to strengthen the current 
activities regarding endemic species, including threatened species. This also 
could strengthen inter-institutional frameworks and networking. 

(vi) Strengthen and integrate conservation programmes. Some conservation 
programmes in the country is in place under the Department of Wildlife and 
National Parks. However, much is desired to address the issue of capacity 
strength within that department and also integration of all efforts towards 
sustainable utilisation and conservation.  

(vii) Enhance skill, capabilities and competence. The national critical mass in 
biodiversity conservation is still far from being realised. At present there are 
independent research groups with small number of ecologists in various 



Biodiversity in Malaysia: The Most Undervalued Natural Asset 

Session 1: Value of Biodiversity   19 

universities and research institutes but the number is still small considering the 
mammoth tasks of elucidating the strategic management of threatened taxa.  

(viii) Encourage private sector participation. The private industries are encouraged to 
participate actively in biodiversity conservation efforts. Currently Malaysian Nature 
Society and WWF Malaysia have taken some active parts in promoting 
conservation. 

(ix) Reviews legislation to reflect biodiversity needs. At present the current legislations 
are more than adequate to address the issue. 

(x) Minimise impacts of human activities on biodiversity. As long as unplanned or ill-
planned developments are allowed to operate there is no guarantee that 
minimisation is going to occur. 

(xi) Enhance institutional and public awareness. All parties should address this issue 
at all levels, starting at primary school level to university and also the communities 
at large. 

(xii) Promote international co-operation and collaboration. This is in place as many 
local scientists have worked with their overseas counterparts from Japan, United 
Kingdom, Germany, France, United States and other countries on government to 
government arrangements. 

(xiii) Promote exchange of information. In the current iinformation technology scenario, 
exchange of information via the electronic media should be addressed, in addition 
to the conventional methods. 

(xiv) Establish funding mechanisms. At present the IRPA mechanism is adequate, 
however, much is to be desired with respect to addressing biodiversity research 
and biodiversity conservation as a national agenda for the coming years. 

 
Malaysia ratified the Convention on Biological Diversity in June 1994, which set the platform of 

commitments under the treaty and reaffirms the sovereign rights of states over their biodiversity and 
the responsibility to conserve and utilise the resources in a sustainable manner. As most of the 
countries are a party to the Convention of International Trade in Endangered species of wild fauna and 
flora (CITES) and also a member of the International Union of Conservation of nature and natural 
resources (IUCN), as well other international networks, the responsibility is even more important. 
Ironically, Malaysia is yet to prepare our Red Data Book for her biodiversity.  

It is a common knowledge that protection of the environment is the central issue in the 
preservation and conservation of biodiversity, especially the threatened plant species. It is widely 
accepted that Malaysia has enough concurrent laws and regulations to protect her environment, but 
there is no single legislation, which relates to biodiversity conservation and management.  Much of the 
present legislations are sector-based, for instance, the National Forestry Act 1984 deals with the 
management and utilisation of forests and forest products alone. However, what are more pertinent 
are not the number of laws and regulations but the mechanism of strict implementation and 
enforcement of such legislations to achieve the required expectations. In order for the legislation to be 
more effective, not only the government agencies should adhere to them but also the public must 
participate actively to ensure its accountability.  In this context the communities, and in particular the 
indigenous communities who are directly associated with the protected areas should be aware that 
they are not only the users of the resources but also the custodian of the biodiversity. The legislation 
relevant to this include: 
 

National Legislation 

¶ Protection of Wildlife Act 1972 

¶ National Park Act 1980 

¶ National Forestry Act 1984 
 

State Legislation 

¶ National Parks (Johor) Corporation Ordinance 1989 

¶ Taman Negara (Pahang) Enactment 1939 

¶ Taman Negara (Kelantan) Enactment 1938 

¶ Taman Negara (Terengganu) Enactment 1938 
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Of the existing national policies and regulations in Malaysia, the national Forest Policy 1978 is 

one of the important policies in ensuring the survival of forest ecosystems and species. However, the 
National Forest Policy 1978 is only applicable in Peninsular Malaysia, whereas the National Forestry 
Act 1984, as a federal legislation is deemed to apply nationwide only provides the classification of the 
forests.  As land is a state matter, gazettement and degazettement of forest reserves are within the 
power of the state legislatives. The process of degazettement of the protected forests must be made 
with prior consultation with the Federal Government.  However, there are other Federal legislations 
which are supposed to complement and support the above policies.  These include Land Conservation 
Act 1960, Protection of Wildlife Act 1972, National Park Act 1980 and Environmental Quality Act 1974. 

Biodiversity has both the positive and negative aspects. When we look as the diversity of life 
within and between countries, we are struck by huge inequalities. The developed countries by and 
large have lost their biodiversity through industrialisation and the developing countries are still rich with 
their natural endowment. The former now focused their endeavors in bioprospecting in the developing 
countries which need the financial resources to develop their countries. These inequalities make it 
very difficult to preserve biodiversity because of the rate of consumption and of pollution of the 
privileged minority on Earth have been made burden of the developing world. How can one ethically 
give first priority to biodiversity as long as the problem of poverty has not been solved? In the world 
about 1500 million people live in a state of absolute poverty, have no drinkable water or electricity and 
are illiterate. On the other hand we find 20% of the world population earning 150 times more than the 
poorest 20%. There are more than 1100 million persons who earn less than 2 ringgit per day. We just 
wonder for how long can the ethics of biodiversity endure the consequences of inequitable economic 
diversity within and between countries? 
 
The challenge ahead 
 

From the above deliberation it becomes apparent that it is important to bring in the cultural 
perspectives, especially the traditional knowledge in biodiversity issues. The indigenous culture is 
more important in conserving and protecting the environment, whether locally or nationally. On of the 
major challenge is to incorporate the cultural and ecological aspects in the planning for the 
development of natural resources. Optimal economic development has to be integrated with cultural 
and ecological consideration and understanding to enable sustainability to be achieved (de Beer and 
McDermott, 1996). It is felt that in future scientists should play a more positive role in planning and 
management processes affecting the environment and biodiversity, in particular, rather than withdraw 
from all the planning and bureaucracy. Dassmann et al. (1974) has long called for a partnership 
between the scientists and policy makers in working towards a sustainable development, especially in 
issues affecting the traditional societies. 

Another challenge lies in effective communication between all concerned with the environment. 
For example, in the management of forest, there are many sectors involved in influencing the decision. 
Developmental, agricultural, forestry, industrial sectors and public also play a role in determining the 
quality of forest, it is not the sole responsibility of the forest department anymore. An awareness 
towards the relationship of a healthy environment and the well-being of all communities need to be 
enhanced, so that each and every party realises that we need one another, working together, to 
conserve the environment. 
 
Sustainable utilization of biodiversity  

 
Man has been appointed the custodian for the earth. He is allowed to use all other species, plants and 
animals, for his benefits in a sustainable manner.  Prior to Industrial Revolution, most things 
apparently were in harmony and equilibrium.. Since the Industrial Revolution, man has succeeded in 
accelerating the rate of producing products for consumption in a massive form that has threatened 
food security and health. As a result an important ecological resource has suffered in the pursuit of 
economic advancement is the forest (Mannion and Bolwby, 1994) .Much of the degazetted forests 
have been converted to agriculture and when agriculture proved less competitive these lands are 
converted to industrial or housing estates. Each step of conversion would result in some losses of 
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biodiversity, especially the vegetation types, plant species and animal populations. Some are 
replaceable but most are not. 

Human activities affecting the sustainability of the biosphere was well discussed by Lubchenko 
et al. (1991) and some of the pertinent components that affect the traditional communities and 
knowledge are shown (Table 1).  
 
Table 1. Relationship between human activities and ecological functions 

Activities   Intended results  Improved quality  of life  

 
Land clearing 
Agriculture 
Forestry 
Fisheries 
Water diversion 
Mineral extraction 
Fuel consumption 
Industrialisation 
Urbanisation 
Recreation 

  
Food production 
Shelter 
Consumer goods 
Culture 
 

 
Fibre production 
Water supply 
Enjoyment 
Knowledge 

Unintended results  Environment costs  

Habitat destruction 
Deforestation 
Acid precipitation 
Climate change 

Soil degradation 
Pollution 
Eutrophication 
Loss of biotic 
Diversity 
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Abstract  

 
The tropical rainforest of Sarawak is well gifted with some of the worldôs richest forests. Its forest is not 
only rich in terms of numbers and uniqueness of species but also diversity of habitats and ecosystems. 
The total forest cover in Sarawak is about 70% of its land area which include Permanent Forest 
Estate, State land and Totally Protected Areas (TPAs). Of this total, 700,727 hectares are within TPAs. 
TPAs are legally gazetted Forest Reserves, managed sustainably for economic, social and 
environmental values. Large forest areas had been cleared to give way to plantation and others 
development purposes, at the same time there was a significant increase in the gazettement of TPAs. 
In 1950s, the total area gazette as TPAs was 2,727 hectares and it was increased to 700,727 hectares 
in 2007. The Sarawak Government is targeting at least one million hectares (10% of the state land 
area) to be gazette as TPA and also committed in forest and biodiversity conservation, where effort is 
taken to ensure the in situ and ex situ conservation. This paper discusses on the efforts taken by 
Sarawak Government on conserving its biodiversity. 
 
Introduction  

 
Biological diversity or popularly termed as biodiversity, is the total variety of life on earth. Article 2 of 
the Convention on Biological Diversity (CBD) defines Biodiversity as ñthe variability among living 
organisms from all sources including terrestrial, marine and other aquatic ecosystems and the 
ecological complexes of which they are part; this includes diversity within species, between species 
and of the ecosystemsò. 

Malaysiaôs biodiversity is our precious treasure, as a source of food, fuel, medicine and 
materials for shelter and livelihood. It will continue to play an important role in the countryôs 
socioeconomic development and environmental conservation. Besides the thousands of plants 
species, the forests are also habitats for the animal life found within the forests. Malaysia is one of the 
worldôs 12 ñmegadiverseò countries due to the biodiversity hotspot. The World Development Indicators 
stated that Malaysia has only 20% of the worldôs land mass, but its diversity of flora and fauna species 
makes it one of the richest countries in the world in terms of biodiversity per unit area. The number of 
species in Malaysia is not known with certainty, but it is estimated that there are more than 170,000 
species in Malaysia. Malaysia homes to over 15,000 species of flowering plants and trees, 600 
species of birds, 286 species of mammal, 140  species of snake and 80 species of lizards (MPI, 2004).  
 
Forest types in Sarawak  

 
The total forest cover in Sarawak is amounted to 10 million ha or about 70% of the land area. These 
forests area comprises of the inland forests, wetland, planted forest and secondary forest which 
include Permanent Forest Estate, State land and Totally Protected Areas (TPAs). Of the total forested 
area in 2008, 700,727 hectares has been earmarked as TPAs.  

The TPAs comprises of wildlife sanctuaries, national parks and nature reserves. The main 
objective of TPAs is to conserve the biodiversity (Ngui, 1991; Kassim and Gumal, 1995; Gumal and 
Ahmad, 1995). The wildlife sanctuaries are strictly for conservation and research, so public access is 
strictly limited. The national parks and nature reserves are open for public recreation and for tourism. 

A large proportion of Sarawakôs animals are unique to Borneo and do not occur in mainland 
South-east Asia. These include approximately 19% of the mammals, 6% of the birds, 20% of the 
snakes and 32% of the lizards; and these species are largely found in TPAs (FDS 2009). The vascular 
flora of Sarawak comprises more than 8,000 species. Over 2,000 tree species have been enumerated 
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whereas orchid would number more than 1000 species, ferns account for 757 species and palm make 
up another 260 species (FDS 2009).  

It is an undeniable fact that much of Sarawakôs endangered species is under threat of 
disappearing forever to extinction and this degeneration must be redressed. To conserve all species 
and habitats in perpetuity, Sarawak has adopted the International Union for the Conservation of 
Nature (IUCN) recommended action that at least 10 per cent of its land area should be in TPAs.  

In 1996, the Sarawak Government commissioned a Master Plan for Wildlife, which comprised a 
strategy to balance wildlife conservation with development in the State. Following its 
recommendations, the Government passed a new law, the Wild Life Protection Ordinance 1998, which 
banned all commercial sales of wildlife and wildlife products taken from the wild. It recognised that 
rural communities depend on wild meat and thus did not ban hunting. The new law was strictly 
enforced in urban areas followed by a widespread publicity and education campaign. Under this 
Ordinance, some of Sarawakôs wildlife which are endangered or rare are categorised as Totally 
Protected and Protected Animals. Sarawak has also implemented the total ban or trade of wildlife.  
 
Wildlife in Sarawak  

 
In Wild Life Protection Ordinance, 1998, wild life is defined to include all species of wild animal or wild 
plant. Wild animals mean all species of animal and include mammals, birds, reptiles, amphibians, fish, 
or invertebrates that exist or occur in the wild state in Sarawak or elsewhere in the world. Wild plants 
mean all species of plants which exist or occur in the wild state in Sarawak or elsewhere in the world. 
All wildlife in Sarawak is legally assumed to be the property of the State.  
 
Totally Protected Animals  
 
Totally Protected Animals are defined as animal species which are in danger of extinction due to 
hunting and habitat destruction. Most of these species are now extremely rare (Appendix 1). Thus, any 
person who hunts, kills, captures, sells, offer for sale or claim to be offering for sale, imports, reports or 
in possession of Totally Protected and Protected species, or its part thereof without written permission 
of the Controller for scientific or educational purposes and conservation of the species shall be guilty 
of an offence as stipulated in Section 29 (1) of the Wild Life Protection Ordinance, 1998.  

Protected animals, on the other hand, are species having potential to be endangered if hunting 
and its habitat destructions are not properly controlled. Keeping, hunting, importing and exporting any 
of protected animal species require license from the Controller of Wild Life. 
 
Protected animal s 
 
Protected animals are those listed in Part II of the First Schedule of the Wild Life Protection Ordinance, 
1998 (Appendix 2). These animals are protected in Sarawak because they are now rare, due to 
hunting and habitat destruction. Protected animal may however be hunted, killed, imported, exported 
or held in possession under the terms and conditions of a licence issued under the above mentioned 
Ordinance. License are needed to keep them as pets, hunt, kill, capture, sell import or export them, or 
possess any recognizable part of these animals. Issuing of licenses is at the discretion of the Forest 
Department.  
 
Other animals  
 
Any other animal other than a totally Protected and Protected species are those that also received 
some degree of protection in Sarawak. It is illegal to trade, breed or be in possession, for own 
consumption or use, unless licensed under the Wild Life Protection Ordinance. Only natives residing 
within a Native Area Land or Native Customary Land can keep, consume or use this category of wild 
animals and its recognisable parts. 
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Totally Protected Plants  
 

Totally protected plants are those categorised of wild plants listed in Part I of the Second Schedule of 
the Wild Life Protection Ordinance, 1998 (Appendix 3). No person shall collect, cultivate, cut, trim, 
remove, burn, poison, injure, sell, offer for sale, import, export or be in possession of any totally plant 
or recognisable part or derivative thereof, except with the written permission of the Controller of Wild 
Life and only for scientific or educational purposes or for the protection and conservation of such wild 
plant.  
 
Protected p lants  
 

Protected plants are those category of wild plant listed in Part II of the Second Schedule of the Wild 
Life Protection Ordinance, 1998 (Appendix 3). Protected plants may however be collected, cultivated, 
sold, imported, exported, or held in possession under the terms and conditions of a licence issued 
under the above mentioned Ordinance. 
 
Other p lants  
 

Any wild plants other than a totally protected or protected species are those wild plants that need a 
licence for the purpose of export out or import into Sarawak. 
 
Const itutional provisions, policy and legislations  

 
Under Article 72(2) of the Malaysian Constitution, forestry comes under the jurisdiction of the 
respective State Governments. As such, each state in Malaysia is empowered to enact laws on 
forestry and to formulate forest policy independently. The executive authority of the Federal 
Government only extends to the provision of the maintenance of the experimental and demonstration 
stations, training and in the conduct of research. 

Malaysia has formulated laws and legislations to protect the environment and the diverse 
biological resources. However, there is no single legislation related to biodiversity conservation and 
management at the national level except for the National Biodiversity Policy. As for Sarawak, the 
Sarawak Biodiversity Centre Ordinance, 1997 (amended 2003) is the only ordinance specifically 
prepare to protect biodiversity in Sarawak.  

Apart from SBC Ordinance, 1997 (amended 2003), other ordinances related or relevant to 
forestry industry in Sarawak are Sarawak Forestry Corporation Ordinance 1995; the Forest Ordinance, 
1958; the National Parks and Nature Reserves Ordinance, 1998 and the Wild Life Protection 
Ordinance, 1998 (amended 2003). Its functions include: 

¶ Sustainable forest management and conservation 

¶ Reforestation and rehabilitation 

¶ Management of protected and totally protected areas 

¶ Enforcement of forestry and forestry-related legislation 

¶ Conducting scientific research on Sarawakôs rainforests and its products 

¶ Training and education of employees, stakeholders and the general public 

¶ Providing customers of Sarawakôs forest products with reliable information and support 
 
Management and c onservation of forest biological resources  

 
Forest management in Sarawak has started since the Colonials era in early 1900s. Over the years, 
forest management has evolved and subjected to constant review and refinement. Since its start it has 
undergone a number of changes in its major trend, i.e. from the supply of timber to a strategic role in 
the maintenance of environmental quality, protection of water quality and supply, moderation of local 
climate and conservation of biological resources.  

Sarawak has adopted a Sustainable Forest Management (SFM) practice to achieve a 
continuous flow of desired forest products and services without any socially unacceptable, 
environmental or social impact or reduction of its inherent value and potential future performance. 
Selective logging practice is carried out in the Permanent Forest Estates (PFEs) whereby only the 
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matured and over matured trees are felled in a single operation, while at the same time, leaving 
behind a residual stand with sufficient number of trees in the intermediate diameter classes to form the 
next crop.  

The forest management practices is also being assessed under the forest certification 
programme using the Malaysian Criteria and Indicators (MC&I), the essence of which is to conduct 
good forest practices socially, economically and environmentally. To date two timber companies in 
Sarawak have been certified and awarded with the certificates by the Malaysian Timber Certification 
Scheme after being assessed by independent assessors. 

As a signatory to the Convention on Biological Diversityôs Conference of Parties, Malaysia 
(including Sarawak) is committed to implement its obligation in biodiversity conservation. In this 
regard, Malaysia has established the National Bio-Diversity and Bio-Technology Council in 2001 to 
further elaborate on related issues and provide strategy and direction for the conservation of 
biodiversity and development of bio-technology in the country. 
 
Conservation effort by Sarawak Government  

 
The National Policy 1978 (revised in 1992) provides Sarawak Government direction in implementing 
conservation programme towards achieving SFM.  

In response, Sarawak has designated 1 million hectare or 10% of its forests as TPAs for in situ 
conservation of its biological and genetic resources. Rare and threatened plant species are also 
conserved on the ex situ basis, in Botanical Research Centre, Kuching. Small-scale ex situ 
conservation of wildlife is carried out in Semengoh Wildlife Rehabilitation Centre, Matang Wildlife 
Centre and in a number of turtle islands near Kuching where turtle eggs deposited near the shorelines 
are removed to hatcheries. 
 
In-situ c onservation at Totally Protected Area  
 

As of now, Totally Protected Areas are the best place for in-situ conservation. In-situ conservation, 
among other things, provides protection of flora and fauna in its natural habitats. Currently, Sarawak 
has a total of 29 Totally Protected Areas (TPAs), comprising of 20 National Parks, 4 Wildlife 
Sanctuaries and 5 Nature Reserves, covering a total area of 700, 727 ha.  

Totally Protected Area (TPA) in Sarawak refers to forest lands so designated and established 
under the provisions of the National Parks Ordinance, 1998 and Wild Life Protection Ordinance, 1998. 
 
i. National Park s 
 

At present there are 20 National Parks in Sarawak. Among those, Bako National Park, with a total 
area of 2727 ha, is the smallest and the first National Park. It was gazetted in 1957. On the other 
hand, the largest National park in Sarawak is the Pulong Tau National Park, gazetted on 24 March 
2005, and covers an area of 59,817ha. Stated below are lists of National Parks in Sarawak as of 
November 2007; 
 

¶ Bako National Park  

¶ Gunung Mulu National Park  

¶ Niah National Park  

¶ Lambir Hills National Park   

¶ Similajau National Park  

¶ Gunung Gading National Park   

¶ Kubah National Park   

¶ Batang Ai National Park  

¶ Loagan Bunut National Park  

¶ Tanjung Datu National Park  

¶ Talang-Satang National Park 

¶ Bukit Tiban National Park  

¶ Maludam National Park 
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¶ Rajang Mangrove National Park 

¶ Gunung Buda National Park 

¶ Kuching Wetland National Park 

¶ Pulong Tau National Park 

¶ Usun Apau National Park. 

¶ Miri-Sibuti Coral Reefs National Park 

¶ Santubong National Park 
 
ii. Nature Reserve s 

 
Nature Reserves are similar to National Parks. However, the sizes of each one of the 5 Nature 
Reserves we are having thus far is smaller (less than 1000 ha) than that for National Parks. By 
definition, a Nature Reserve is constituted to conserve the flora, fauna and the aesthetic value of the 
whole area either for education, research or recreation.  

Nature Reserve has contributed a total of 945.07 ha of the TPAs in Sarawak. Wind Cave 
Nature Reserve is the oldest nature reserve in Sarawak which was gazetted on 4 November 1999 
covering an area of 6.16 ha. Five Nature Reserves in Sarawak are as follows;  
 

1. Wind Cave Nature Reserve 
2. Sama Jaya Nature Reserve 
3. Semenggoh Nature Reserve 
4. Bukit Hitam Nature Reserve 
5. Bukit Sembiling Nature Reserve 

 
iii. Wildlife s anctuaries  
 
Currently there are 4 wildlife sanctuaries been gazetted since 1978, with a total area of 192,235.4 
hectares. The oldest one is the Samusam Wildlife Sanctuary, with a total area of 6,092 ha. It was 
gazetted on 1 July 1978. Its first Extension, with an area of 16,706 ha, was gazetted in May 2000. The 
primary objective for its gazettment is to provide protection to a population of proboscis monkeys 
(Nasalis larvatus) which are endemic to Borneo. Below are the lists of gazetted Wildlife Sanctuaries in 
Sarawak; 

1. Samusam Wildlife Sanctuary 
2. Pulau Tukong Ara/Banun Wildlife Sanctuary 
3. Lanjak Entimau Wildlife Sanctuary 
4. Sibuti Wildlife Sanctuary 

 
iv. Arboretum  

 
The Semengoh Arboretum in the Semengoh Forest Reserve was established in 1951 to preserve in 
perpetuity a small area of easily accessible, natural primary lowland forest. It covers an area of 
approximately 14 hectares and is one of the few least disturbed lowland dipterocarp forests near 
Kuching city. The Arboretum is floristically rich with about 2,500 tree species from 60 plant families 
and has attracted a large number of researchers and naturalists.  
 
b. Ex situ conservation for forest biodiversity  
 

Ex-situ conservation is an important tool to complement the function of in-situ conservation. The 
Botanical Research Centre (BRC), Semengoh, was established in 1976 within an area of 22 hectares. 
BRC lies in Semenggoh Forest Reserve which is the first and oldest Forest Reserve in Sarawak. 
Semenggoh FR with a total area of 653 ha approximately was gazetted on 16 November 1920, a year 
after the Forest Department was established. BRC consists of 9 specialized gardens. At present it is 
developed as Wild Orchid Garden, Nepenthes Garden, Mixed Planting Garden, Palms Garden, 
Ethnobotany Garden, Aroids Garden, Bamboo Garden, Fernarium Garden and Wild Fruits Orchard 
within an area of 22 hectares.  
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c. Conservation m easures in Permanent Forest Estate (PFE)  
 
Environmental protection and conservation measures have also been instituted within the PFE. No 
logging is allowed on steep slope more than 40 degrees. Harvesting operation has to subscribe to 
approved Forest Harvesting Guidelines and Forest Engineering Plan. Tree felling during harvesting 
operation is carefully done to ensure minimal impact to the environment. The cutting limits 
prescriptions allow only the selected and correct trees to be harvested thus reducing damage, 
conserving diversity and the environment.  

Other measures include retention of trees for protection, buffer zones along rivers and streams, 
timber tagging and directional felling as well as leaving behind buffer zones to protect the water 
resources and minimise soil erosion. Reduce Impact Logging (RIL) is another milestone innovation 
with the objective of reducing the negative impact of timber harvesting to environment and damage to 
residual stand. 
 
Forest Management Certification  

 
Forest Management Certification involves an independent assessment of forest management 
operation, according to specific economic, social, environmental and ecological criteria, indicators, 
activities and management specifications. This forest evaluation typically includes an evaluation of 
economic viability of the operation, social and environmental impact of the forest management 
activities and ecological health of the forest.  

Since the establishment of Malaysia Timber Certification Scheme (MTCS), it has been involved 
in a number of internal consultative processes to formulate and revise the MC&I. It involved 
government departments and agencies, environmental non-governmental organisations (NGOs), 
forest licensees, manufactures of wood and panel products and trade unions. To date, a total of 
162,769 ha of PFE in Sarawak covering the state Forest Management Units (FMUs) had been given 
MTCSô Certificate for Forest Management. 

The MS ISO 9000, in brief is a series of standards for quality management and quality 
assurance system. The adoption of MS ISO 9000 series will ensure the establishment of quality 
systems, products ands services. The MS ISO 9000 processes can help to attain sustainable forest 
management because the processes will ensure activities are carried out according to the standards. 
SFC is certified with ISO 9001:2000 and also awarded the ISO 14001:2004 and OHSAS 18001:1999 
from the Department of Standards Malaysia, United Kingdom Accreditation Service and Moody 
International Certification. 
 
International agenda  

 
Malaysia is signatory to international agreements, having a direct bearing on forest management, such 
as the Convention on the International Trade in Endangered Species of Wild Fauna and Flora 
(CITES), Convention on Biological Diversity (CBD), the United Nations Conference on Environment 
and Development (UNCED), the Kyoto Protocol, the RAMSAR Convention and Trade agreements and 
United Nation Framework Convention on Climate Change (UNFCCC). This is Malaysiaôs commitment 
and contribution to the world in the conservation of the nationôs rich and diverse biological resources. 
 
Issues  and c hallenges  

 
Biodiversity conservation issue is very complex and recently has become one of the prime issues in 
forest management. The issue of biodiversity has changed the whole scenario of forest values and 
their development potential. The increasing pressure for conserving of biodiversity has influenced our 
way to manage the forest. The need to reduce deforestation and forest degradation; and to protect, 
conserve and ensure the sustainable use of the genetic resources, remained as a widespread concern 
requiring actions. These are the uphill challenge to foresters. 

Our knowledge on conservation is comparatively lagged as it cannot work without adequate 
knowledge and information. There are lot of gaps to be filled in terms of knowledge and information 
about our forest biodiversity. Although some works have been done on the valuation of goods and 
services that the forest provided, more work need to be done to enhance their full valuation. 
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Mechanisms and methodologies for valuation of the various goods and services need to further 
develop. Among the essential focus are the development of rapid assessment techniques for a 
complete appraisal of the biological resources of the forest, methodologies for ascribing economic 
values to them, the formulation of nationally agreed biogeographic area for the conservation of 
biological diversity and the completeness of representations of the various forest ecosystems.  

The need to develop methodologies and technique for recovery and rehabilitation of species 
and habitats to avoid their loss or extinction is also crucial. Present legislation may need review, 
whether they are comprehensive enough to ensure effective conservation, and whether the 
endangered, rare and threatened species are sufficiently protected. 

Knowledge on relating plants and animals and their uses in medicine, food and cultural need to 
be recorded to enhance knowledge in forest biodiversity conservation. Non-timber forest products and 
environmental functions of forest will be accorded as higher priority. Forest based recreation is likely to 
become even more important as per capita productivity rises and leisure time increases.  

There has been an increasing concern over bio-piracy and bio prospecting. Samples of a 
diverse range of target organisms were taken for screening, bio-assaying or chemical elucidation. 
These searches for new bioactive compounds have to be looked upon with caution. In most cases, it 
has not been benefiting the source country. Sarawak has the advantage in terms of its rich biological 
resources, but the latest technologies are with the developed countries. It is only through an equitable 
partnership between parties concerned that biodiversity could be utilised for the benefits of the source 
country as well as the developed nations. 
 
The way forward  

 
The need for effective forest management and conservation must be given priority, not only to ensure 
a sustained supply of wood and non-wood forest products but also to maintain forest health for 
environmental stability, to provide sanctuary for wildlife and to serve as an invaluable storehouse of 
genetic resource useful for indigenous tree species, agricultural crops and livestock. This renewal 
asset will continue to be managed in accordance with national objectives and priorities so that the 
country will continue to enjoy the benefits generated from the forests and forest industries. 

The total extent of PFEs in Sarawak has not changed much, while the TPAs showed an 
increasing trend. This is clear indication of Sarawak governmentôs effort in giving more emphasis to 
conservation. Forest certification and timber labelling are expected to become an integral component 
of forest resource management and development. It is envisaged that more intensive forest 
management will be carried out in the coming years, particularly with the increasing emphasis now 
being placed on sustainable management, conservation and development. 

Latest technology will be used for rapid appraisal of the physical and some biological resources 
of the forest such as Airborne Hyperspectral Imaging Technique and Geographical Information 
System. These techniques will provide reliable data and information which may take months to 
complete with other convectional method. 

Finally, as the effects of global climate change become more visible, the roles of forests as both 
carbon sinks and moderators of climate disturbance (such as flooding) will take a new meaning. 
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Appendix 1  
English name  Scientific name  Local name  

A. MAMMALS 
Slow loris Nycticebus coucang Ukang; bengkang (I) 
Western tarsier Tarsius bancanus Kera hantu; ingkata (I) 
Silvered langur Presbytis cristata Lotong 
Hoseôs langur Presbytis hosei Berangad  
White-fronted langur Presbytis frontata Puan 
Banded langur Presbytis melalophos Penetat 
Maroon langur Presbytis rubicunda Lotong merah; jelu merah (I) 
Proboscis monkey Nasalis larvatus Orang belanda; rasong (I) 
Bornean gibbon Hylobates muelleri Wak-wak; empeliau (I) 
Orang utan Pongo  pygmaeus Mawas; maias (I) 
Giant squirrel Ratufa affinis Tupai kerawak 
Tufted ground squirrel Rheithrosciurus macrotis Tupai 
Clouded leopard Neofelis nebulosa Rimau dahan; engkuli (I) 
Bay cat Felis badia Kucing merah 
Marbled cat  Felis marmorata Kucing dahan 
Flat-headed cat Felis planiceps Kucing hutan 
All whales, dolphins and porpoises All species of Cetacea Paus; lumba lumbi 
Dugong Dugong dugon Dugong; duyong (I) 
Rhinocerous Decerorhinus sumatrensis Badak 
Wild cattle Bos javanicus Tembadau 
Naked bat  Cheiromeles torquatus   
      
B. BIRDS 
Oriental darter Anhinga melanogaster   
Pacific reef egret Egretta sacra Ujoh laut 
Cattle egret Bubulcus ibis Burung apuh; burung lima ringgit 
Stormôs stork Ciconia stormi Bangau 
Lesser adjutant stork Leptoptilos javanicus Bangau 
White-bellied fish eagle Haliaeetus  leucogaster Lang laut 
Grey-headed fish eagle Ichthyophaga ichthyaetus Lang laut 
Bornean peacock pheasant Polyplectron schleiermacheri Ruai 
Argus pheasant Argusianus argus Ruai 
Bulwerôs pheasant  Lophura bulweri Bekia 
Black-naped tern Sterna sumatrana Burung laut 
Bridled/brown-winged tern Sterna anaethetus Burung laut; entala puteh (I) 
All phalaropes Phalaropus spp. Kedidi 
All imperial pigeons Ducula spp. Rawa 
Silvery (grey) wood pigeon Columbia argentina Pergam 
White-crowned hornbill Aceros comatus Sentuku (I) 
Bushy-crested hornbill Anorrhinus galeritus Kakalau (I) 
Wrinkled hornbill Aceros corrugatus Alau buloh 
Wreathed hornbill Aceros undulatus Alau sangoh 
Asian black hornbill Anthracoceros malayanus Alau babi; gagak/rengak (I) 
Oriental pied hornbill Anthracoceros albirostris Alau pedada; bruie (I) 
Rhinoceros hornbill Buceros rhinoceros Kenyalang (I) 
Helmeted hornbill Buceros vigil Tajai (I) 
All pittas Pitta spp. Burung pacat 
Straw-headed bulbul  Pycnonotus zeylanicus Barau-barau 
Bornean bristle headed Pityriasis gymnocephala   
      
C. REPTILES 
All marine turtles All species of Chelonidae and 

Dermochelyidae 
Penyu-penyu laut 

Painted terrapin Callagur borneoensis  Beluku 
Terrapin Orlitia borneensis Beluku 
Niah cave gecko Cyrtodactylus  cavernicolus Cicak Gua Niah 
Earless monitor lizard Lanthanotus borneensis Cicak purba 

*I ï Iban name 
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Appendix 2  
English name  Scientific name  Local name  

A. MAMMALS 
All treeshrews All species of Tupaiidae   
All bats All species of Chiroptera excluding those already listed in Part I   
All primates All species of Primates excluding those already listed in Part I   
Flying lemur/colugo Cynocephalus variegatus Kubung 
Pangolin Manis javanica Tenggiling 
All flying squirrels All species of Petuaristinae Tupai terbang 
Porcupines All species of Hystricidae Landak 
Sun bear Helarctos malayanus Beruang 
Bear cat Arctitis binturong Binturung 
All civets and mongooses All species of Viverridae Musang 
All otters All species of Lutra and Aonyx Memerang 
All cats All species of Felidae excluding those already listed in Part I Kucing hutan 
B. BIRDS 
Christmas frigatebirds Fregata andrewsi   
All herons, egrets and 
bitterns, excluding those 
already listed in Part I 

All species of Ardeidae   

All storks, excluding those  
already listed in Part I 

All species of Ciconiidae   

Osprey Pandion haliaetus Lang; menaul 
All falcons All species of Falconidae Rajawali; menaul 
All scrubfowl, partridges and 
pheasants, excluding those 
already listed in Part I 

All species of Phasianidae   

All waders, excluding those 
already listed in Part I 

All species of Charadiiformes   

Metallic pigeon Columbia vitiensis Pergam 
Nicobar pigeon Caloenas nicobarica Pergam 
All owls All species of Tytonidae and Strigidae Burung hantu 
All swiflets All species of Aerodramus, Hydrochous and Collocalia Burung layang 
All kingfishers All species of Alcedinidae Pekaka 
All woodpeckers All species of Picidae  Belatok 
Asian paradise flycatcher Terpsiphone paradisi Burung sambar ekor 

panjang 
Crackle or hill myna Gracula religiosa Burung tiong 
All parrots and parakeets All species of Psittacidae Bayan 
White-rumped shama Copyschus malabaricus  
 
C. REPTILES 
Asian Giant Tortoise Manouria emys Baning 
All soft-shelled turtles  All species of Tryonychidea Labi-labi 
Falso ghairal Tomistoma schleglii Buaya jujulong 
Estuarine crocodile Crocodylus porosus Buaya katak 
All monitor lizards All species of Varanus Biawak 
King cobra Ophiophagus hannah Ular tedung 
Common cobra Naja naja Ular tedung 
All pythons All species of Phyton Ular sawa 
   
D. FISH   
Arowana (dragonfish) All species of Osteoglossidae Ikan seruk; ikan 

siluk 
 
E. INVERTEBRATES 
All hard and soft corals All species of Hydrozoa and Anthozoa (Actinozoan) Batu karang 
Raja Brookeôs birdwing Troides brookiana   
 
F. ADDITIONAL SPECIES 
All species  of animal listed in Appendics I and II of the convention of International Trade in Endangered Species of Wild 
Flora and Fauna (CITES) excluding those already listed in Part I. 



 Biodiversity Conservation in Sarawak 

32  Session 1: Value of Biodiversity 

Appendix 3  
Totally Protected Plants  

No. Scientific name  Common name  

1. All Rafflesia species Bunga pakma 
2. Dipterocarpus obloglofolius Ensurai 

 
Protected Plants  

No. Scientific name  Common name 

1 Shaorea macrophylla Engkabang jantong 
2 Shorea splendida Engkabang bintang 
3 Shorea helmsleyana Engkabang gading 
4 Shorea siminis Engkabang terendak 
5 Shorea palembanica Engkabang asu 
6 Shorea stenoptera Engkabang rusa 
7 Shorea pinanga Engkabang langai bukit 
8 Shorea ochracea Raru 
9 All Ficus Species Pokok ara 
10 Sonneratia alba Perepat 
11 Sonneratia caseolaris Pedada 
12 Avincennia alba Api-api hitam 
13 Avincennia lanata Api-api 
14 Avincennia marina Api-api merah 
15 Avincennia officinalis Api-api sudu 
16 Lumnizera littorea Terentum merah 
17 Koompassia excelsa Tapang 
18 Koompassia malaccensis Menggris 
19 Aetoxylon sympetalum Kayu gahru 
20 Aquilaria beccariana Kayu gahru, engkaras (I) 
21 Aquilaria malaccensis Kayu gahru 
22 Aquilaria microcarpa Kayu gahru 
23 Didesmandra aspera   
24 Casuarina equisetifolia Rhu laut 
25 All Rhodedendron species   
26 All Nepenthes species  Periok kera 
27 All Orchidaceae spesies  
28 Salacca magnifica   
29 Johannesteysmannia altifrons Ekor buaya 
30 Areca triadra Pinang  
31 Areca jugahpunya Pinang  
32 Pinanga mirabilis Pinang  
33 Areca subcaulis Pinang  
34 Licaula orbicularis Biris 
35 Eurycoma longifolia Tongkat ali, sengkayap 
36 Goniothalamus velutinus Kayu hujan panas 
37 All Monophyllaea species   
38 Antiaris toxicaria Ipoh  
39 All peat swamp species of Madhuca Ketiau 
40 Calophyllum lanigerum Bintangor 
41 Calphyllum teysmanii Bintangor 
42 Cycas rumphii Paku gajah, paku laut 
43 All epiphytic Lycopodium species Ekor tupai 
44 All Begonia species Riang, telinga gajah 
45 All Aeschynanthus species   
46 All Cyrtandra, Didymorcarpus species Melebab 
47 All species of plants listed in Appendices I and II of the Convention on International Trade in Endangered 

Species of Wild Flora and Fauna (CITES), excluding those already in  Part I. 
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Abstract  

 
Malaysia is one of the mega-biodiversity centres, with many species still waiting to be described.  The 
number of taxonomists in Malaysia is small and they are fast dwindling for a variety of reasons.  The 
lack of young taxonomists to replace them is worrying. Universities in this country are churning out 
students with little or no knowledge of how taxonomy is carried out.  Despite the fact that identification 
is fundamental to all aspects of biological science, most organisations, students and funding bodies 
regard such endeavours as unimportant, and there are no national initiatives to train taxonomists.  
Taxonomists are needed to identify organisms for biodiversity, ecological, medical and economic 
reasons, for future food security and bioprospecting, and for a proper understanding of ecosystems.  
As long as man is dependent on biological resources for food and other essential products and is still 
under threat from pathogens, taxonomy will remain relevant.  The challenges faced by many 
concerned taxonomists are to train interested young researchers and to equip them with relevant 
skills.  Future taxonomists will need to master morphological, molecular and other techniques, develop 
verbal and writing skills to communicate and disseminate information, acquire computational skills and 
stimulate an interest in taxonomy in organisations and funding bodies.  The current lack of interested 
candidates results from the low esteem of the discipline, the lack of job opportunities and the fact that 
future taxonomists will need to utilise a wide range of technologies and work on a range animal groups 
with little opportunity to specialise.  Since there is currently no viable alternative to traditional 
taxonomy, what can be done to solve this problem? 
 
Introduction  

 
Taxonomy is the prerequisite for all biological endeavours and the key to the exploitation of 
biodiversity for biotechnology.  Currently, although taxonomy has many advocates and most biologists 
agree that is an important discipline, it is still given very little attention in the universities and even less 
by funding agencies. This growing national and global trend is worrying.  

We would like to use this opportunity to present the current state of taxonomy in the global 
arena, deliberate on its importance, highlight the need and plight of taxonomist and discuss what can 
be done to improve our knowledge of our national biodiversity and enhance our taxonomic expertise.  
The value and importance of biodiversity has been well elaborated by several presenters at the 
present symposium, particularly in the sessions on Values of Biodiversity and the Policies and Law on 
Biodiversity.  The current status and the importance of biodiversity as the source of material for 
biotechnological endeavours had been very effectively dealt with by Latiff (2008) and Ng and Saw 
(2008), while Cranbrook (2008) presented the global initiatives for safe-guarding and to documenting 
biodiversity resources of ecosystems.  Hence, it will not be necessary for us to elaborate further on 
aspects biodiversity and, in this presentation, we will be concentrating on taxonomy and taxonomists.  
 
Current state of taxonomy: is it still relevant?  

 
Taxonomy (taxo-, arrangement (Greek taxis ) + -nomy, method or law (Greek nomia ) deals with the 

scientific classification of organisms into named groups based either on shared characteristics or on 
evolutionary relationships as inferred from the fossil record or established by genetic analysis 
(Wikipedia). Taxonomy therefore involves collecting, identifying, describing, naming and classifying 
organisms. 

250 years ago Carl Linnaeus provided scientists with the binomial system of nomenclature for 
plants and animals.  This important milestone in the history of biology essentially revolutionised 
science and has inspired and influenced many generations of scientists, such as Darwin and Wallace. 
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The name of a species is important because it unites all the information and knowledge accumulated 
on that particular group of individual organisms, such as physical attributes, reproductive biology, 
ecology, distribution patterns and other life functions. The accumulated knowledge is useful for a 
variety of reasons, particularly for the production of plants and animals for food, medicine and shelter. 
Such knowledge is also necessary for the proper maintenance of our environment and for the strategic 
and effective control of parasitic diseases. 

After 250 years of research since Linnaeusô innovative binomial system of nomenclature, it is 
generally estimated that only a fraction of the worldôs species have been identified, named and 
documented. This has been noted by various researchers, such as E. Wilson, an eminent ecologist, 
who stated that "we have still only classified as few as 10 percent of the organisms living on Earth" 
(AFP, 2008). He also stated that there are an estimated 1.5 million species of fungi, but only 60,000 
are known. Nematodes, including parasitic pinworms and hookworms, comprise the most abundant 
phylum in the animal kingdom - probably four or five million strong - but only 80,000 have been 
classified (AFP, 2008). Both Cranbrook and Ng and Saw (this symposium) have independently 
provided information on our knowledge of the status of vertebrates in Malaysia, essentially noting that 
we only know about 10-20% of our existing fauna. Data from parasitology, and particularly from the 
global helminthological records (Table 1) and estimates of monogenean diversity from biodiversity 
hotspots (Table 2), support the fact that there are still many species waiting to be discovered and 
named. Malaysia has been independent for more than 50 years, yet we have not even begun to close 
the gaps in the knowledge of our biodiversity, and, given the rapid rate of environmental degradation, 
much of this biodiversity will disappear before taxonomists have the chance to document it for 
posterity. 

The number of the helminth species described to date is given in Table 1. However, the figures 
presented are certainly well below their actual diversity, given the facts that the diversity of parasite 
species usually outnumbers that of host species by a conservative estimate of three or more times and 
that in many cases these parasites are host specific (Lim, 1998).  This is magnified when one 
considers that many of the hosts have yet to be examined for parasites. 
 
Table 1. Estimates on global helminth diversity 

Helminth group  Number of species known  

Nematodes 70,000 
Trematodes   20,000 
Monogeneans 8,000 
Cestodes   5,000 
Acanthocephalans  800 

 
Table 2.  Known and estimated monogenean diversity in three biodiversity hot-spots 

Regions  
Percentage 

documented to date  
Estimated total diversity  Source of data  

Malaysia c.10% 1,883ï3,039 (2ï4 spp. /host) 
(freshwater and marine) 
 

Lim, 2007 

New Caledonia  c.1% 1,000 (marine) Justine, 2007 

South America c.2.5% 16,000 (freshwater) D.C. Kritsky, pers. comm. 
(from Kritsky, 2007) 

 
During 2007 at a conference in Viterbo, Italy, three researchers independently  provided 

estimates of the numbers of monogenean species in three biodiversity hotspots (Malaysia, South 
America and New Caledonia) (Table 2).  At best only 10% of the monogenean species available on 
fishes are known, and, in the case of New Caledonia, only c.1% of the estimated number of species 
has been described. Monogenean diversity was estimated by multiplying the host diversity by the 
number of monogenean species per host species (Lim, 1998).   

Thus, 250 years after the introduction of binomial nomenclature, taxonomy is still necessary 
and relevant, because much of the worldôs fauna and flora are still unknown.  Do we need to identify 
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all of the unknown organisms?  Being aware of the species present in ecosystems will enable us to 
develop effective strategic plans for the conservation and management of these ecosystems and the 
species therein. In some areas, the process of species identification and cataloguing are really only 
now beginning. These areas are usually the most vulnerable in terms of biodiversity loss. Will we have 
the time to document the taxa before they are lost? Do we have enough man-power (taxonomists) to 
undertake the enormous task of describing, naming and documenting the unknown species of the 
fauna and flora? Do we have good taxonomists available to do the necessary training to ensure the 
replacement of their expertise?  Who is responsible to ensure that such training is on-going and 
sustained?  These are some of the important questions that we need to consider! 
 
Taxonomists ï the number in Malaysia  

 
Currently there are no statistics on the actual number of taxonomists and their expertise in Malaysia. 
Attempts to determine this number by using publications in ISI-indexed systematic journals will be 
inaccurate, since some international journals do not publish papers on species which they consider to 
be of local interest only. However, such statistics are necessary for estimating the number and types 
of taxonomists we need in the future for documenting our biodiversity.  
 
Taxonomists - are they still needed?  

 
Taxonomists are needed to examine the specimens, identify the species and, if the species is new, to 
describe it, name it, publish the description and deposit the name-bearing specimens in a suitable 
museum. The known species diversity within an ecosystem is dependent on taxonomic activity, which, 
in turn, is dependent on the availability of taxonomists. This is well illustrated by the fact that, prior to 
the 1980s, practically nothing was known of the monogenean fauna of Malaysia; however, between 
1984 and 2008 about 200 species have been recorded from fishes in and around Peninsular Malaysia 
(Lim, unpublished information).  

Taxonomy is more than just the identification and description of new species and taxonomists 
are more than the custodians of biodiversity. Specialist taxonomists also have the task of identifying 
taxa for academic, economic, ecological, medical and veterinary purposes. They are also needed to 
rationalise and classify known taxa. So long as man is still dependent on biodiversity-related resources 
for food, medicine and shelter, and as long as man, his domesticated animals and other food 
resources suffer from disease, particularly parasitic diseases, we will need taxonomists. We also need 
taxonomists to identify our natural food resources for other reasons, but especially for the 
maintenance of genetic diversity.  
 
Are taxonomists still available?  

 
There are growing global concerns over declining number of taxonomists. Is this concern warranted? 
We would like to address this issue by assessing the health of taxonomy as suggested by taxonomic 
activity in terms of the number of taxonomic publications on over a 15 years period, and also to 
indicate how long the currently active taxonomists will be around to do the work by estimating the 
average age of the current crop of active taxonomists both as authors and as reviewers (specialist 
experts). 

The global trends, particularly in the  number of submissions by taxonomic groups (1991-2006) 
to Systematic Parasitology [SYPA] (Fig. 1) and the number of new species described for different 
taxonomic groups since 1988 (Fig. 2), indicate that taxonomy is still an active discipline and that 
experts on the different groups are still available. 

Fig. 3 and 4 show the average age of authors and reviewers of the same systematic journal to 
be 46.2 and 54.5 years, respectively, in 2006. The ages of authors increased during the 1990s, but 
they have levelled off apparently due to young students writing papers under supervision, especially in 
the US and South America (Fig. 3); unfortunately many of these students fail to find positions to 
continue their work.  
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Fig. 1. Trends in the number of submissions on different taxonomic groups (1991-2006). 
 

 
Fig. 2. New species for different taxonomic groups described since 1988.  
 

Although, generally speaking, specialists are still currently available, they are aging and their 
numbers are declining. It seems that, unless something is done to prevent it, this decline will inevitably 
continue. Fig. 4 indicates that the average age of reviewers of one international taxonomic journal is 
55 years. Considering that many retirements are inevitable within the next 20 years, particularly in 
areas where the retirement age is still primitively 55-58, this average age is unlikely to drop. There are 
far too many species to describe and document, and, in the case of some faunal groups, there are no 
taxonomic specialists. Trained taxonomists or taxonomic specialists are very important, particularly in 
biodiversity hotspots where they are often in very short supply. To make matters worse, the centres of 
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mega-biodiversity are usually in countries prone to poor environmental management and conservation 
strategies, with high rates of extinction of both known and unknown species. There is little effort to 
replace or retain retired taxonomists by most universities in these countries.   
 

 
Fig. 3 Estimated average age of first authors.  
 

 
Fig. 4 Estimated average age of reviewers. 
 

There are currently still taxonomists available to do at least part of the task of documenting 
biodiversity and to start to train future specialists to replace their declining numbers. However, will this 
óold guardô be around long enough, taking into account the fact that acquiring specialist taxonomic 
skills takes a long time, for a complete replacement of their expertise (both regionally and globally)?  

Do we have the resources or the will-power to face the challenges in order to sustain and 
further enhance taxonomy?  As indicated above, in many areas we do currently still have the 
expertise, but, in order to sustain it, a new generation of taxonomists has to be found, or we will need 
to find alternatives to current taxonomic practices.  
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Can we find the right candidates to train?  

 
Students are generally not  keen on taxonomy because many of them consider it to be dull and old-

fashioned, and this perception is also held by some biologists. Nothing has been done to promote 
taxonomy, whereas biotechnology is always in the media and is usually well funded. To foster a new 
generation of taxonomists, it is necessary for the present group of taxonomists to:  

a. encourage research in  taxonomy, 
b. advertise the value of the discipline, and  
c. increase the general perception of the value of taxonomy. 

 
If we delve more deeply into the life of taxonomists in order to provide would-be taxonomists 

with an honest view of what they are up against, we find that, generally speaking, professional 
taxonomists are unappreciated (even in taxonomic institutes), lack funds, publish in journals with lower 
impact factors and have a low personal h-index. Characteristics of the professional life of taxonomists 
include: 

a. Poor salary  
b. Not glamorous 
c. Long training period 
d. Poor working conditions 
e. Long working hours  
f. Poor job prospects: institutions traditionally hiring taxonomists are now hiring  generalist 

molecular biologists who are more effective in attracting funds 
g. Lack of support from the universities/institutions in terms of facilities and funds 
h. Promotion prospects are dismal in view of the lack of funding and poor citation rates, 

especially since universities are using citation indices as criteria for promotions. 
(Taxonomic journals usually have low impact factors, and taxonomic papers are poorly 
cited because journals do not require authors to cite the authorities for taxonomic names 
as references, resulting in a lack of recognition by colleagues from other disciplines).  

 
This essentially means that most taxonomic works are so specialised that they are not well-

cited, at least in the short term. Taxonomic (systematic) journals usually have lower impact factors 
than other journals. For example, compare Systematic Parasitology with an impact factor 0.786 with 
that of Trends in Parasitology at 4.528 (Table 3: data for 2006).  Even very good papers on obscure 
group may not be cited for 10-20 years or more. Although taxonomic papers do not have the 
immediacy of papers in other disciplines, they may  continue to be cited for up to 100 years or more. 
Unfortunately, the half-life of a paper is calculated over the period of only a few years. Perhaps some 
of the new ways suggested for the calculation of impact factors and other indices might assist in 
raising the profiles of taxonomists. 
 
Table 3.  Impact factors (2006) of some parasitological and taxonomic journals 

Journal  Impact factor  

Taxonomy/Systematics   
Systematic Parasitology  0.786 
Journal of Natural History       0.694 
Comparative Parasitology          0.615 
Zootaxa                   0.612 
Zoosystema                         0.462 
Systematics and Biodiversity    
  

Unrated 

Review   
Trends in Parasitology            4.526 
Advances in Parasitology    
      

3.154 

Molecular   
Molecular and Biochemical Parasitology  
  

2.733 
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Journal  Impact factor  

General Parasitological Journals   
International Journal for Parasitology   3.346 
Parasitology                       1.703 
Journal of Fish Diseases          1.661 
Journal of Parasitology           1.524 
Experimental Parasitology      1.306 
Parasitology International       1.280 
Parasitology Research             1.226 
Folio Parasitologica              1.138 
Acta Parasitologica               0.617 
Journal of Helminthology                   0.581 
Helminthologica           0.480 

 
Other ISI indices include the Immediacy index, Half-life index and recently the h-index. 

Characteristically taxonomic papers have a low Immediacy index, i.e. the average citation of an article 
per year. The Half-life index is the number of publication years from the current year which account for 
50% of current citations received. Theoretically taxonomic papers should rate high in the Half-life 
index, but they do not because this ISI index only takes into account the last few years and many 
taxonomic publications are still cited after 50 years or more. A new index, which is being used for both 
scientists and journals, is the h-index or Hirsch-index (Fig. 5). This index is useful because it discounts 
the disproportionate weight of highly cited papers or papers that have not yet been cited and 
essentially averages out the effect of highly cited and uncited papers. 
 

Fig. 5. Example of the h-index of a generalist taxonomist. 
 

1. Papers ordered in 

number of citations

2. Total number of 

citations for paper

3. h-index

Å The h-index is indicated by a green 
horizontal line. The number of items 
above this line, which is h, have at 
least h citations. For example, an h-
index of 14 means that there are 14 
items that have 14 citations or more.



 Taxonomy, Taxonomists and Biodiversity 

40  Session 1: Value of Biodiversity 

Table 4.  H-indices of parasitologists according to research and geographical areas 

 
Table 4 is a summary of the h-indices of several parasitologists in different disciplines, regions 

and periods of their careers. The h-index of a taxonomist will tend to be low if that person is very 
specialised or works in a corner of the world of little interest to others, e.g. the first example, where the 
expert works on an obscure group in a restricted geographical area. This compares unfavourably with 
a taxonomist specialising more widely on several groups, an ecologist, a generalist and even a young 
molecular biologist early in his career. 
 
Skills n eeded by a young taxonomist  

Assuming that there are young researchers willing to do taxonomic work, in order to be relevant new 
taxonomists need to acquire multiple skills.  This is because on most occasions they will have to work 
alone and will need to incorporate other aspects into their investigations, particular those of molecular 
biology and computerised analyses. Hence, the new generation of taxonomists will need to master 
skills varying from the basic techniques of specimen preparation to advanced molecular and 
computational techniques.  Future taxonomists might also need to acquire knowledge such that they 
are able to work with several groups rather than being able to specialise on a single group of 
organisms, learn to work with other specialists and be able to extend the boundaries of their research 
field. Skills of the new generation of taxonomists include: 

a. Basic morphology using standard techniques and instruments  
b. Molecular techniques 
c. Use of computational tools for capturing images and for image recognition  
d. Use of illustration gadgetry 
e. Accessing global databases 
f. Communication and writing 
g. Involvement with international projects, such as Barcoding and the Encyclopedia of Life 

initiatives 
h. Being aware of funding sources and performance indicators, such as impact factors and 

other indices  
i. Specialising  in more groups and acquiring a global expertise 

 
Alternatives to traditi onal taxonomy  
 

Current taxonomists have also to consider the possibility that there will be few or no candidates 
wanting to be the taxonomists of the future.  If so, we have then to think of alternatives to ensure that 
the knowledge acquired thus far will be retained by using whatever technologies are available to us.  
The most likely alternatives to replace the human taxonomist are the use of DNA markers and 
computer-aided image recognition systems linked to artificial neural networks.  However, such 
alternatives are not currently practicable, nor are they likely to be for some considerable time.  

The process of determining the molecular markers necessary for identification is currently 
expensive and time-consuming and the necessary facilities and expertise are often not readily 
available in the poor, developing countries which harbour the biodiversity hotspots.  Furthermore, in 
order to determine the markers, we need first to identify the specimens.  The Bar-coding Initiative likely 
has this aim in mind, but it will be many, many years before one can determine the identity of an 
organism automatically within a few hours from a piece of tissue. 

Will the computerised alternatives be better? It also takes time to develop the software capable 
of using images, learning and identifying species, and the initial phase of the development of such 
recognition will also required the active involvement of taxonomists, as the organisms will still, at least 
initially, need to be identified.  The infrastructure and high performance computers will be needed to 

Expertise  h-index  

Senior specialist taxonomic expert in a restricted geographical area 8 
Senior generalist taxonomic expert ï specialising in more than one helminth group 14 
Senior ecologist 17 
Senior generalist expert working in a range of disciplines 18 
Young molecular biologist 10 
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store and process the information.  This alternative is very much in its infancy, with few investigators 
interested in this aspect of image analysis, and existing image databases are currently far too small.  
However, developed countries are now looking at the use of computation to ócurateô biodiversity data 
(Howe et al., 2008), and in Malaysia such an initiative started in 2004 (Sarinder et al., 2008), but the 
rate of development of this database is slow. 

These alternatives can only assist but not replace the human taxonomist - at least not in the 
near future, because time is needed to develop such alternative tools.  Unless the technology has 
advanced to a stage where the artificial intelligence has the ability to work like a human brain and take 
over decision making, we still need trained human taxonomists to point the way and to confirm results. 
 
Who is responsible for training new taxonomists ? 

 
So, if we need candidates for training in taxonomy, who is responsible for attracting and training them?  
The various governments, universities, research institutions, journals, funding agencies and, of course, 
current taxonomists are all responsible, at least to some extent, to ensure that young taxonomists are 
trained and nurtured (Table 5).  But, most importantly, they also need to ensure that there are career 
opportunities to allow them to continue doing taxonomic work once they are trained. 

We really need funding agencies, whether within or outside the government systems, for funds 
to train taxonomists.  All taxonomic and biodiversity projects should have a strong training element.  
The PEET initiative (Partnerships for Enhancing Expertise in Taxonomy) in the USA has shown that 
such research programmes do yield good results, as suggested by an increase in the numbers of 
taxonomic papers in parasitology from the US after 1984, the year PEET started (Fig. 6). However, 
such an initiative is not evident in developing countries, as exemplified by Malaysia (one of the mega-
diversity centres).  In Malaysia most taxonomists appear to work óin disguiseô just to obtain funding to 
feed their taxonomic activities and, in doing so, jeopardise their taxonomic research. 

Even if there are students trained in taxonomy, there is not enough done to ensure that these 
young experts have positions suitable to continue the work which they are trained to do.  The 
Government and universities have the moral responsibility to safe-guard our biodiversity and the 
environment and, hence, should ensure that such career opportunities are available.  

Although most scientists and biotechnologists agree that taxonomy is important and necessary 
for the development of biotechnology in Malaysia, there are no visible signs of a revival of taxonomic 
investigations in this country, nor are there any changes in university curricula to incorporate 
taxonomy.  There needs to be an increase in funding for fundamental science and, in particular, in 
taxonomy; currently the monies allocated for fundamental science is very much smaller than for 
biotechnology, and this amount has to be shared by all branches of science. However, the need to 
train young taxonomists to replace older ones is a global problem as well as a national one. 

 

Table 5. Agencies responsible for nurturing new generations of taxonomists 

Agency  Role and function  

Governments Funding, facilities and employment 
Funding agencies  
 

Funding research with a strong training element, e.g. 
PEET (Partnerships for Enhancing Expertise in Taxonomy) 

Universities Facilities, buildings, employment and training; also 
education through the basic science curriculum (it is the 
duty of the university to provide the curriculum) 

Institutions ï Research, Museums 
and Non-Government Organisations   

Champion the cause; funding, facilities and employment 

Journals Help in general, even if only in self interest 
Concerned taxonomists Promote taxonomy in general; train future taxonomists 

such that their own expertise does not die with them; 
ensure the continuous existence of scientists capable of 
expert identification 
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Fig. 6. The apparent affect of the PEET Initiative on taxonomic submissions to one parasitological 
journal. 
 

Malaysia is not making any significant effort to keep taxonomy active, nor is there any nation-
wide initiative to train taxonomists capable of identifying and curating the flora and fauna.  Biodiversity 
has been given a new lease in life by biotechnology, but this information seems to be well hidden from 
students by well-meaning educationists, especially in developing countries, who believe that students 
should be trained for jobs rather than to acquire knowledge, which is leading to the rush to acquire 
technological expertise.  

There is a need to change the current perception that biotechnology can exist without a proper 
knowledge of biodiversity.  To tap natural resources in a sustainable manner, we need taxonomists to 
identify the species and ecologists to ascertain their environmental needs.  Without the taxonomists 
providing the key to biodiversity, biotechnological endeavours may come to a stand-still.  Malaysia 
should realise that in order to keep her biotechnological hopes alive, competent taxonomists are 
needed to identify the available biodiversity resources.  
 
 
References  

 
Agence France-Presse, global news agency (AFP). Splitters and Lumpers: why planet earth needs taxonomists.  

Aug 30, 2008. Http://afp.google.com/article/ALeqM5gTyYqm3 oZg5EHmdtdUl_qjf-1pEQ. 
Cranbrook, Lord G., 2008. Biodiversity Conservation and Utilisation in Sarawak. Abstract, Biodivesity-

Biotechnology: Gateway to Discoveries, Sustainable Utilisation and Wealth Creation, Sarawak, p. 19. 
Howe, D., Costanzo, M., Fey, P., Gojobori, T., Hannick, L., Hide, W, Hill, D.P., Kania, R, Schaeffer, M, St Pierre, S., 

Twigger, S., White. O. and  Rhee, S.Y., 2008.The future of biocuration. Nature, 455(4):47-50. 
Justine, J.-L., 2007. Biodiversity of fish parasites in the lagoon of New Caledonia (South Pacific): 10,000 species, 

or more? Abstract, 7th International Symposium on Fish Parasites. Viterbo (Italy) 24thï28th September 
2007. Parassitologia, 49 (Suppl. 2), p. 302. 

Kritsky, D.C., 2007. Diversity and putative origins of the freshwater Monogenoidea in South America. Abstract, 7th 
International Symposium on Fish Parasites. Viterbo (Italy) 24thï28th September 2007. Parassitologia, 49 
(Suppl. 2), p. 92. 

Latiff, A.M., 2008. Biodiversity in Malaysia: the most undervalued natural asset. Abstract, Biodiversity-
Biotechnology: Gateway to Discoveries, Sustainable Utilisation and Wealth Creation, Sarawak, p. 19. 

Lim, L.H.S., 1998. Diversity of Monogeneans in Southeast Asia. International Journal for Parasitology 28:1495-
1515. 

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

0 

2 

4 

6 

8 

10 

12 

14 

Submissions  

Year 

North American Submissions to SYPA  

Canada 
USA 

PEET Initiative  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Howe%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Costanzo%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fey%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gojobori%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hannick%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hide%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hill%20DP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kania%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schaeffer%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22St%20Pierre%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Twigger%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22White%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rhee%20SY%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


Taxonomy, Taxonomists and Biodiversity 

Session 1: Value of Biodiversity   43 

Lim, L.H.S. and Gibson, D.I., 2007. Training helminth taxonomists for the future.  Abstract, 7th International 
Symposium on Fish Parasites. Viterbo (Italy) 24thï28th September 2007. Parassitologia 49 (Suppl. 2), p. 
21. 

Ng, F.S.P. and Saw, L.G., 2008. Biodivesity-Biotechnology in the context of knowledge generation and 
management. Abstract, Biodiversity-Biotechnology: Gateway to Discoveries, Sustainable Utilisation and 
Wealth Creation, Sarawak, p. 29. 

Sarinder, K.K., Lim, L.H.S., Merican, A.F., Halijah I. and Chong, V.C., 2008. Integrated Biodiversity Datbase 
Initiative. Abstract, Biodiversity-Biotechnology: Gateway to Discoveries, Sustainable Utilisation and Wealth 
Creation, Sarawak, pp. 19-21.  

 



 Arbuscular Mycorrhizal Fungi Associated with Calophyllum sp. In 
 Universiti Putra Malaysia Bintulu Campus Forests,Sarawak, Malaysia 

44  Session 1: Value of Biodiversity 

Arbuscular Mycorrhizal Fungi Associated with Calophyllum  sp . in  Universiti Putra  Malaysia  
Bintulu Campus  Forests , Sarawak , Malaysia  

 
Lee, C.S., Ong, K.H. and Chubo , J.K.  

 
Faculty of Agriculture and Food Sciences, Universiti Putra Malaysia Bintulu Campus 

PO Box 396, 97008 Bintulu, Sarawak 
claire_cshing@hotmail.com 

 
Abstract  

 
Arbuscular mycorrhiza fungi are soil fungi that form mutualistic symbiosis with the roots of plant.  The 
objectives of this study were to investigate the diversity of arbuscular mycorrhiza and to identify 
isolated spores associated with Calophyllum sp.  This study was carried out in a replanted forest and a 

logged-over forest in Universiti Putra Malaysia Bintulu Campus (UPMBC).  Samples of top soils that 
coexist with the selected host plant, Calophyllum sp. were collected.  Total abundance of spores, 
species richness (S), Shannon-wiener Diversity Index (Hô) and evenness (EH) were calculated.  A total 
of 13 species of arbuscular mycorrhiza were isolated where 10 species were identified at the genus 
level.  The replanted forest showed higher arbuscular mycorrhiza spores diversity as compared to the 
logged-over forest.  On the other hand, the logged-over forest recorded higher evenness value as 
compared to the replanted forest.  This was probably due to the fact that the replanted forest had the 
highest number of the Glomus species spores when compared to other genera.  The present study 

suggested that proper logging practices have to be imposed in order to enhance the abundances and 
activities of AM fungi.  The impact of harvesting on soil or site must be taken into consideration 
especially in maintaining soil productivity.  The present study also proposed that the number of spores 
in the soil might act as one of the indicator to detect the level of disturbances in the forest. 
 
Introduction  
 

Mycorrhizal fungi are critical component of most plants which are intimately associated with plant 
roots.  They improve plant health and the development of plants by enhancing nutrition uptake, 
modifying physiological functions of plants, reducing plant response to environmental stresses, and 
modifying the chemistry and biology of the rhizosphere in ways that alter nutrient cycling and suppress 
activity of root pathogens (Read, 1999). 

Several Calophyllum spp. have been recorded in Malaysia. Calophyllum inophyllum is the most 
widespread and has superior timber qualities (Wong, 1982).  However, plantation of Calophyllum sp. is 
rare in Malaysia.  There is a potential to cultivate this plant species as it is getting well-known 
especially in the field of research due to its anti-HIV active compounds.  Thus, should such claim be 
true the mass planting of Calophyllum spp. will be of great interest.  

The conversion of the primary forest into plantations had caused great loss of nutrients in the 
soil (Lee, 1999).  Thus, the regeneration of trees is extremely slow due to the depletion of nutrients.  
As such, mycorrhizae with their ability to enhance nutrient uptake and drought tolerance are expected 
to play a vital role in the success of reforestation effort.  Studies by Jasper et al. (1987), Amaranthus 

and Steinfeld (2005), and Gehring and Connell (2006) suggested that the inoculation of tree seedlings 
with mycorrhiza prior to planting will be good in promoting the growth of the tree.  Therefore, this study 
was conducted to investigate the diversity of arbuscular mycorrhiza (AM) related to Callophylum spp. 
in replanted forest and logged-over forest.  
 
Materials and m ethods  
 
Site description  
 
This study was carried out at two different forest areas in Universiti Putra Malaysia Bintulu Campus 
(UPMBC), Bintulu, Sarawak, namely replanted forest and logged-over forest.  The forests differ in their 
planting method and management practices.  Both forest areas receive an annual rainfall of 350 cm 
and have an average annual temperature of 28°C.  The replanted forest is situated in a Malaysia 
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Tropical Forest Regeneration Experimental Project launched by Mistubishi Corporation in 1990.  This 
project was based on the idea of recreating native forests with indigenous trees, on the concept of 
potential latent natural vegetation.  On the other hand, the logged-over forest which is known as 
Nirvana Forest, was once belonged to the State Government before it was transfer to UPMBC in 1985.  
In 1977, this forest had been selectively logged.  When UPMBC was temporarily closed in the 1994, 
illegal logging was committed by the locals where majority of trees with diameter of more than 40 cm 
were logged.  Now, the logged-over forest is used for teaching and research purposes. 
 
Collection of soil  samples  
 
Approximately 500 g of soil in close proximity to the roots of the host plant, Calophyllum spp., was 

taken from a depth of 10 ï 15 cm after removing the top litter layer (0 ï 10 cm).  Random sampling of 
soils was collected in triplicate.  The soil samples were brought to the laboratory and stored at 4°C. 
 
Extraction and identification of arbuscular mycorrhiza spores  

 
Extraction of AM spores was done by wet-sieving and 50% sucrose centrifugation method (Brundrett 
et al., 1996; Chaurasia et al., 2005).  The soil sample was decanted through a series of sieves (53 µm, 
150 µm and 710 µm).  Spores were separated into groups based on their colour and size (Brundrett et 
al., 1996) under a dissecting microscope (×30 magnification).  Spores were then mounted on glass 
slides in polyvinylalcoholïlactoïglycerol (PVLG) + Melzerôs reagent (Shi et al., 2006) for the purpose 
of identification.  Identification was done up to the genus level according to Morton (1998).  The 
characteristics of spores such as size, shape, cell wall, subtending hyphal wall and other spore 
structures were carefully recorded and analyzed. 
 

 
Fig. 1. Spore density of AM spores isolated from 100 g soil samples (each bar represent standard 
error with 5% value). 
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