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INTRODUCTION 

 

Well over 50% of all known living organism (plants and animals) are insects. About 900,000 insect species have been 

described and named by 2006, but it is estimated that the total number of species might exceed 10 million. Their 

tremendous diversity makes it possible for them to inhabit all habitats and biotopes on the whole planet. They are found 

in microhabitats such as piles of dung, carcasses, every part of higher plants, and even in places we cannot imagine to 

support life such as book, clothing and leather. Since insects pervade all the functions of major ecosystems (as 

pollinators, food resources, herbivores, parasitoids, predators, soil modifiers), the safest course, until better information 

is available, is to adopt a policy to conserve most of the insects that we have. 

 

 

INSECT CONSERVATION 

 

The paradox and values of insects in conservation stem from their vast abundance and taxonomic and biological 

diversity. On the one hand, insects are vastly more speciose and contribute by far the largest number of taxa to 

biodiversity relative to plants or other animals. They are ubiquitous – displaying an unprecedented diversity of life-

history strategies and occurring in virtually all ecological niches. Insects also have short generation times, rapid 

population growth, and respond nearly in concert with environmental perturbation. This means that insects are good 

indicators of areas of high conservation value for other organisms. A park or nature reserve that is managed or designed 

with proper considerations given to insects would most likely see a distinct difference in insect population and such 

sensitive management would pay rich dividends for other organisms as well.  

 

On the other hand, the bewildering variety of insects can be a barrier to understanding. The detailed ecology of most 

species is likely to be fragmentary or even non-existent. Often, specimen collection records are not recent, and are even 

not identified to species. To tackle the conservation of a large order such as Coleoptera or Hymenoptera, even just in 

Singapore where the species number is already in the range of thousands, might be quite overwhelming. The 

coleopterous fauna remains vastly under-collected and poorly known but it has been estimated by local entomologist 

D.H. Murphy that there are about 10,000 beetle species in Bukit Timah alone. This can be seen in the current bias in 

worldwide conservation research, with vertebrate studies dominating (69% of papers versus 3% of described species) 

over plants (20% of papers versus 18% of species), and with invertebrates lagging far behind (11% of papers versus 

79% of species). 

 

The Singapore Red Data Book (Ng et al., 2008) has assessed the conservation status across an entire insect group only 

for selected groups. These groups include the Order Lepidoptera (butterflies only), the Order Phasmida (stick insects) 

and the Order Odonata (damselflies and dragonflies). Currently, there are approximately 20 butterfly taxa and 

approximately 40 Odonata taxa listed as Critically Endangered in The Singapore Red Data Book, although species-

specific recovery and conservation measures have yet to be developed for those listed as Threatened, Endangered, or 

Extirpated. Information on these taxa is available partly due to the level of public interest in them. Both professional 

entomologists and members of amateur naturalist groups are able to identify these groups, and so, have provided 

important information on these taxa. Status assessments for many other taxa, however, are extremely difficult to 

complete. Often, there are few, if any, taxonomic experts in Singapore for a given insect group. For many insect group, 

there is also a lack of rich enough collection to document the decline or extirpation of a particular insect species.  

 

Despite these challenges, the essence of conservation action plans is not to wait for complete information, but to 

assemble informed professional opinion and best current data with a willingness to embrace uncertainty and adapt as 

knowledge advances. We should plan to monitor more intensely additional invertebrate groups over the next five to ten 

years, especially for insect groups where there are clear signs of problems. It is erroneous to assume ‘not enough 

information’ exists for some charismatic beetle families such as Long Horned Beetles and Tiger Beetles, and the 

relatively well-studied microfauna Odonata (Dragonfly and Damselfly). Growing information on odonate habitat and 

distributions, combined with local field experience and knowledge of pertinent threats, should enable reasonable 

working hypotheses on the conservation status of a large percentage of species. For some beetle families, there exist 

enough historical records that show clear signs of severe population decline or even outright extirpation. If charismatic 
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and well-studied microfauna such as the Odonata are perceived as lacking information there is even less hope for 

conserving the more intractable (species-rich, difficult to sample or identify) invertebrate taxa that may merit equal or 

greater conservation attention. 

 

 

GENERAL PRINCIPLES OF INSECT CONSERVATION 

 

Habitat loss is the greatest threat to insect biodiversity, with 150 acres lost every minute each day. If the rates of species 

extinction are 17,500 – 35 000 a year, this would indicate that a species is almost twice as likely to become extinct than 

to be described. Because of the contingency involved, coupled with a lack of knowledge of an overwhelming number of 

insect species and complex system dynamics, there is always significant uncertainty associated with insect 

conservation. Therefore, a range of conservation strategies will nearly always be required: some focused on individual 

species, others on suites of species and yet others on entire landscapes or ecosystems that generate these diversity. 

Multiple management scales are needed also because there are multiple ecological scales, not only for different 

ecological processes and different species, but also for the same species. 

 

Another important theme of insect conservation is that habitat influences insect species composition significantly, with 

the distribution of many insect species being restricted to a specific habitat. The specificity is comparatively higher than 

that of those macrofauna such as birds or mammals. Critical small-scale habitats and special features (such as large logs 

for certain saproxylic species, hills for hill-topping behavior, mud for mud-puddling and sun-basking sites) are essential 

to small animals such as insects. It is ineffective to select a site just by botanical criteria or by criteria relevant to bigger 

animals such as birds or mammals. Securing sites typical of each habitat is the most important initial step for insect 

conservation, even when information on their life requirements is unavailable. 

  

This section will present a brief overview of the more representative insects according to their associated ecosystem 

types, as well as some focal groups under threats. These focal groups included here are only a small subset of a much 

larger number of insects with conservation need; these examples are chosen to illustrate a particular conservation 

concern valid across many insect orders. We will discuss the semi-natural ecosystems found outside the nature reserve. 

These areas include the huge expanse of marginal land left in an abandoned state, the semi-open, derelict agricultural 

landscape, wetlands of all kinds, scrub, before its development into closed secondary forest, sandy shores, and 

mangroves. The article will also look briefly at forest habitats and some of the threats faced by the forest insects. While 

these habitats are legally protected, long-term decimation of invertebrate fauna are still taking place due to various 

factors such as fragmentation. Finally, the paper will summarize some of the overarching themes relevant for insect 

conservation from the preceding sections whose discussions are more species-specific or landscape-specific.  

 

 

INSECT BIODIVERSITY IN DIFFERENT HABITATS 

 

(A)  FRESHWATER INSECTS 

 

The insect fauna include those whose adults and larvae are both aquatic, as in some Coleoptera (e.g., diving beetles, 

whirligig beetles) and Heteroptera (pondskaters, water measurers, water stick insects), but in many species, the adults 

are aerial and only the larvae are aquatic (e.g., dragonflies, mayflies, caddisflies, flies). It should also include those 

insect groups such as the Tiger Beetle family, which includes some members that forage on riverine sand banks. As 

mentioned before, rapidly growing information on odonate habitat and distributions, combined with local field 

experience and knowledge of pertinent threats, should enable reasonable working hypotheses on the conservation status 

of a large percentage of species. They are valuable as conservation flagships and umbrellas, or as indicators of aquatic 

biodiversity, habitat quality, and ecological change. 

 

Some odonate species breed preferentially in highly restricted and vulnerable habitats that would require targeted 

conservation. We have already lost several odonate species, including the beautiful Neurobasis chinensis (Figure 1a), 

which lives on relatively fast flowing stream and probably died out due to siltation of the stream where it occurred by 

construction of the Pan Island Expressway in the 1970’s. Other species still extant but face various threats. Short of 

listing all 40 odd species that are listed as Critically Endangered in the Red Data Book, we highlight the following to 

illustrate different conservation concerns: 

 

A. Species occurring in areas not within or near nature reserves 

1. Mortonagrion falcatum Recorded only at Tuas marshes, but no longer found there since the construction of the motor sports race track. 

2. Brachygonia oculata Recorded only at one locality in the Western Catchment; need shady pond. 

3. Hemicordulia tenera Found mainly at southern ridges like Telok Blangah, Kent Ridge, but also rarely in NeeSoon Swamp Forest. 

4. Pornothemis starrei Mangrove species found in Chek Jawa, Mandai, Ponggol, Lim Chu Kang. 
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B. Species occurring in areas within or near nature reserves 

1. Tetrathemis irregularis Recorded recently at Nee Soon Swamp Forest only. 

2. Coeliccia didyma One record at Chestnut forest (1993). 

3. Leptogomphus risi Only found at streams around Bukit Timah Nature Reserve. 

4. Paragomphus capricornis Found at streams around Bukit Timah Nature Reserve, plus one record at Lorong Asrama. 

 

 

 

     
 

    
 

Figure 1. Odonata already extinct or at risk. (a) Neurobasis chinensis is now probably extinct in Singapore due to habitat destruction.  

(b) Tuas marsh is the only place where the rare Mortonagrion falcatum damselfly has been recorded so far, but the marsh has been 

converted into a motorcycle circuit. (c) Pornothemis starrei is found only in the northern mangroves, but so far none have been 

sighted in the Sungei Buloh mangroves. (d) The gomphid dragonfly Paragomphus capricornis prefers a level sandy substrate for 

emergence.  

 

 

The greatest threats to species in category A is habitat loss. For instance, Mortonagrion falcatum (Figure 1b) was once 

found at Tuas marsh, the only known locality for this species; it is one of the few endangered damselflies that lives 

outside the forest. However since the construction of the motor sports race track, the entire Tuas population was 

decimated. It could still survive in the adjacent Western Catchment Area, and its population status there should be 

assessed. Brachygonia oculata also lives in the Western Catchment area. It seems to prefer ponds well shaded with 

trees, a habitat increasingly rare in Singapore. Hemicordulia tenera is found mainly in the southern ridges, quite far 

away from the water. Significant number of them can be found concentrated on open hilltops; it is not known whether 

this behavior is related to mating or feeding.  Thus, this is a case where multiple management scales (covering both the 

aquatic habitat and the hilltop) might be needed for the same species. Pornothemis starrei (Figure 1c) is found only in 

the northern mangroves, but so far none is sighted in the Sungei Buloh mangroves.  

 

For category B, their habitat is largely protected. However, there are other conservation concerns. Tetrathemis 

irregularis is a species that is recently recorded at Nee Soon Swamp Forest only; formerly, it is also recorded at back 

mangrove area. This species oviposits while in hovering flight, placing its eggs onto objects such as spider web, roots, 

etc. overhanging the water. Extensive loss of back mangrove areas with dense foliage may mean the loss of the 

a b 

c d 
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population segments in this habitat.  Other species live on streams that flow out of the nature reserve boundary. For 

instance, Coeliccia didyma is recorded at a stream just outside the Chestnut forest. Similarly, the two gomphids 

(Leptogomphus risi and Paragomphus capricornis) are found at streams inside and around Bukit Timah Nature 

Reserve. The sand bars alongside these rivers are important for the two Gomphid dragonflies as they prefer a level 

sandy substrate for emergence, a unique requirement of the family Gomphidae (Figure 1d). Insecticide application or 

frequent rounds of fumigation in the nearby condominiums could also threaten these predators due to the persistence of 

the toxic impact through bioaccumulation along the food chains. In fact, it is often the case that the pest natural enemies 

are differentially killed relative to the pest. Indeed, the resulting impact on Bukit Timah forest immediately abutting the 

surrounding condominium has been noted by the Dolichopodidae (Long-legged Flies) expert Dr Patrick Grootaert (pers. 

comm.): while the diversity of the Long-legged Flies in Singapore is still high (Evenhuis, 2002), the diversity at those 

Bukit Timah forest patch near the condominium is conspicuously low.  

 

 

(B)  MANGROVE AND SEASHORE INSECTS  

 

Our mangrove and sandy shores are ecosystems that have been greatly altered due to recreational activities, trampling, 

and physical destruction such as land reclamation. Today, natural sandy shores only occur in small fragmented patches, 

such as on the outlying island, while mangrove cover has also been reduced drastically from its original size in early 

Singapore. These ecosystems are of greatest importance to conserving insects which are adapted to these prevailing 

harsh open/saline conditions. These include herbivores such as moth caterpillars and beetle larvae (leaf beetles, weevils, 

etc.), and predators such as Long-legged flies, Robber Flies, Tiger Beetles, etc. (Figure 2). 

 

 

   
 

   
 

Figure 2: Mangrove and seashore insects. (a) The highly agile Bembix sp. has just caught a hoverfly; the prime habitat for this species 

is Noordin Beach on Pulau Ubin. (b) The strikingly colored Robber Fly (Cophinopoda garnotii) is a fierce predator found on 

Noordin beach. (c) The genus name of the Long-legged Fly, Thinophilus murphyi means ‘beach-loving’. (d) The Tiger Beetle, 

Cylindera viduata was recorded at the Pulau Semakau mangrove. 

 

 

a b 

c d 
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A prime example of such habitat is the Noordin beach area on Pulau Ubin, with its rich mix of sandy shore, mangroves, 

secondary wood habitats sustaining a rich variety of insects. It has quite a number of insects for which no other 

occurrence locations have been documented, though more thorough conservation assessment needs to be carried out 

before their status can be confirmed. Examples include Stilt-Legged Flies (Therevidae, near genus Irwiniella), Robber 

Flies (Asilidae, Promachus sp., Figure 2b), Leaf-mining Beetles (Oncocephala sp. on Ipomoea sp.), etc. Even the 

highly visible and locally abundant denizens of the sandy shores, namely, the two species of Bembix Sand Wasps 

(Figure 2a) and a large Sphex Digger Wasp species, appear confined to these sandy shores. Various developments at the 

Changi beach and the Sentosa shores have led to large decline in number of these wasps. If we use the number of 

localities from which a species is known as a way of indicating vulnerability, then even these wasps should be 

considered vulnerable. 

 

In the ideal case, a suite of taxa should be used to reflect accurately an entire habitat or ecosystem. A single taxon is 

unlikely to be adequate even when chosen carefully, as some groups of insects have comparatively high microhabitat 

specificity. For instance, the antlion, which digs pit traps in sand to capture small arthropods, can be found in large 

aggregation on Noordin beach. The aggregation is due to the fact that antlions prefer fine-grained sand particle to build 

their pit traps and Noordin beach has very fine sand particles. This example also goes to show that plant- or vertebrate-

based conservation scheme would not be effective for invertebrate conservation. 

 

In the long run, more insects from the Diptera and Hymenoptera orders should be chosen as part of the focal groups of 

indicators because of their taxonomic and ecological diversity. However, at present, the use of these orders at the 

species level is hampered by poor taxonomic understanding. Besides the Long-legged Fly family which has been well-

studied recently at various locations in Singapore (including shorelines) (Evenhuis, 2002), insect herbivores in 

mangroves (Murphy, 1990), and isolated species such as the Firefly, Pteroptyx malaccae, another more convincing 

group of candidate for biodiversity indicator is Tiger Beetles.  

 

They have several characteristics that help make them appropriate tools for conservation biology approaches: high 

habitat specificity of species, conspicuousness in the field, and, last but not least, availability of specialist taxonomists 

able to identify them worldwide up to the species level. In addition, due to their aesthetic appeal to collectors, enough 

historical records exist to allow us to authenticate long term population trends and the disappearance of species. 

 

The total number of Tiger Beetle species and endemic species that have been recorded in Singapore are compiled from 

various sources (Robinson, 1903; Dover, 1928; Cassola, 2006; Matalin, 2002), together with the sightings of local 

naturalists. Table 1 summarizes these numbers (and those of the neighboring regions). 

  

Table 1. Number of Tiger Beetle Species in Singapore and Neighboring Regions 

 

Country / Region Number of species Number of endemics 

Singapore 26 (+2 doubtful records) 1 

Sumatra (as of 2000) 71 16 

Peninsular Malaysia (as of 2000) 58 6 

 

 

Among the species found in Peninsular Malaysia and Sumatra, 46 are recorded in both regions and thus possibly 

occurring in Singapore as well. It can be seen that the total number of Singapore species compiled above is more than 

half of 46; thus it should be a reasonably complete list, despite the lack of extensive sampling. 

 

These 26 species of Tiger Beetles fall into two divisions, those which are essentially denizens of open country or of the 

seashore, and those which are exclusively found in deep jungle.  Some are probably extinct, or at least greatly reduced 

in population, like the following two examples: 

 

 Hypaetha quadrilineata: a shoreline species not recorded since 1855, but was probably quite common, as it was 

mentioned that the elytra of these beetles are used in Singapore for ‘dandy-work’ (Dover, 1928).  

 Heptodonta analis: occurs on deep slope in the forest. Also not recorded for over a century, but was stated to be 

‘common in Singapore’ (Robinson, 1903). 

 

The one endemic species in Table 1 refers to the forest species, Neocollyris singaporica Matalin, described in 2002. 

Being the country supporting this endemic species, or at least its core population (subject to further discoveries), our 

responsibility for the species increases. More relevant to the concern of this section, the following are examples of 

seashore species (both sandy shore and mangrove) that are possibly under risk: 
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 Callytron doriai: recorded both at Sungei Buloh mangrove and Pulau Ubin mangrove. 

 Lophyra fuliginosa: recorded at Pulau Sudong (1965), and Changi beach (1916) 

 Cylindera viduata (Figure 2d): recorded at Pulau Semakau mangrove (1975) and recently at Nee Soon Swamp 

forest. 

 

 

(C)  SCRUBLAND/BELUKAR INSECTS   

 

These habitats include the huge expanse of marginal land left in an abandoned state, the semi-open, derelict agricultural 

landscape, and scrub before its development into closed secondary forest. The importance of these semi-natural habitats 

cannot be over-emphasised because a high number of invertebrate fauna are partial to these kinds of environment. For 

instance, many bugs (Suborder Heteroptera) prefer forest-edge conditions and are found on scrubs. In particular, many 

carnivorous plant bugs (mirids) and assassin bugs (reduviids) often prefer particular plants, and they appear strongly 

influenced by the presence of preferred homopteran prey (hoppers). Many species from these families are seldom 

collected (Figure 3a and 3b). It might be they are naturally rare, or more intensive fieldwork might show that it is more 

common than the few collection records suggest. Assassin bugs of possible conservation concern include several 

seldom-collected species such as Isyndus heros (Figure 3a), and Velitra rubropicta. The predatory plant bug 

Apollodorus praefectus (Miridae) is a predator on the Lace Bug Stephanitis typicus which can be found on scrub such as 

Morinda citrifolia (Noni Tree). This plant bug was recorded from one locality (Changi Beach Park) and is now listed in 

the Red Data Book. 

 

 

   
 

Figure 3. The Chestnut Forest area supports some rare predatory bugs such as: (a) the Assassin Bug, Isyndus heros; (b) Seed Bug 

Geocoris sp. 

 

There are also many specialist herbivores and specialist wasps to be found in early-successional habitats too. Some 

early-successional plants such as herbs are defended by toxins such as alkaloids and mustard oils (while later-

successional plants are often defended by digestibility reducers such as tannins and high-fibre content). Herbivores 

which attack these plants must be specialised to deal with the toxins. Parasitoid wasps (Figure 4a & 4b), which 

parasitise these herbivores must in turn also be specialised to combat the toxin sequestration by herbivores. Examples 

are the many ichneumonid wasps which specialise on caterpillars which might have sequestered toxins in their bodies. 

As the life histories of these parasitoid wasps are so specialized, they are intrinsically extinction prone (they cannot fall 

back on alternative preys). Yet, they are highly important in maintaining the balance of a healthy ecosystem; many 

indigenous insect populations could attain pest status if these parasitoid wasps were removed. Securing sites typical of 

these habitats is the most important step for conserving these insects, since the taxonomy of many parasitoid wasps is 

very difficult, many species scarcely separable morphologically. 

a b 
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Figure 4. (a) Rhynchium haemorrhoidale seems to prey on Pyralidae caterpillars found in scrubland. (b) An Ichneumon Wasp, 

Theronia sp. (right) looking for insect prey inside a leaf-roll. 

 

 

In general, it is important to concentrate on securing land that is heterogeneously structured, with relatively intact 

habitats nearby. These features are often positively correlated with species richness. A good example of such a mix of 

heterogeneous landscape is the Chestnut Forest area, with good forests adjoining streams, marshes, plantations, 

grasslands, secondary woods. The whole area, including many of the fringe areas outside the forest reserve, harbours 

one of the richest insect assemblage in Singapore. More could be done to reduce the contrast of the connecting area to 

the nearby Bukit Timah primary forest to further encourage movement through the landscape. Other areas nearby that 

can be better connected include the Toh Tuck belukar, which is formerly a farmland area with many typical farmland 

species. It can be linked to the Maju wood across the Pan Island Expressway, which in turn can be linked to the Bukit 

Timah Forest by the green area along the former Malayan Railway. Other areas further afield include the Khatib 

Bongsu area, with its mix of mangrove and scrubland, and the entire Pulau Ubin (Figure 5a & 5b) and other outlying 

islands like Pulau Semakau and Pulau Tekong. 

 

 

    
 

Figure 5. Some scrubland and woodland insects found on Pulau Ubin: (a)  Centrochares ridleyanum (left), a rare treehoppper that can 

be found on the scrub Sendudok on Pulau Ubin. (b)  With its heterogeneous landscape supporting large population of wild boar, 

Pulau Ubin still harbours the largest dung beetle found in Singapore, Catharsius molossus (right), once thought to be extinct. 

 

 

(D)  FOREST INSECTS 

 

While the forest habitats are generally protected, there are still threats affecting the functional aspects of biodiversity. 

Fragmentation and light pollution are two obvious examples. Since tropical forests have such diverse communities, this 

article cannot deal with all these communities in details. Instead it focuses on the saproxylic insects, an important and 

diverse fauna usually associated with forest habitat, and a major consideration for conservation. 

 

a b 

a b 
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Saproxylic insects are insects associated with dead wood or with the fungi and microorganisms that decompose it. The 

term extends beyond the wood-feeders and fungus-feeders to include also the predators, parasitoids and the 

commensals. They contain representatives from all the major insect orders, but Coleoptera (Figures 6, 7) and Diptera 

are especially well represented. There is in most of these associations, a certain degree of host specificity. 

 

Beetles are commonly among the pioneers of complex saproxylic communities, and they are among the first insects 

attracted to volatile chemicals emitted by weakened, stressed, or newly dead trees. It has been claimed that these beetles 

play the role of keystone species for such saproxylic communities. Many important factors affect the habitat suitability 

for specific saproxylic beetle species. These include tree species, whether the wood is standing or lying, tree diameter, 

degree of decay, level of sun exposure, the species of wood decaying fungi colonising the wood, etc. Evidence suggests 

that different substrate types (logs, snags and tops) are all important for providing a suitable substrate for the multitude 

of saproxylic beetles. There is no particular type of dead tree, standing or fallen, small or large, shaded or sun-exposed, 

in early or late decay, or belonging to a particular tree species that is suitable to all wood dependent species.  

 

Tree mortality has a fairly large random component in space and time. This implies that species dependent on dead 

wood must track the availability of a fairly unpredictable habitat. Therefore, wood dependent species must compensate 

the local extinction with new colonisations through dispersal and establishment on new dead trees. For species with 

more limited dispersal, the survival in fragmented landscapes relies on their ability to persist without a ‘mainland’ 

source. Such metapopulations rely on a positive equilibrium between colonisations and extinctions. Most of the habitat 

fragments that survive in Singapore are probably too small to be maintained in the long run by chance ‘disasters’ 

providing tree falls and natural patches. In fact, the local extinction of saproxylic insect species is probably steadily 

taking place (see case study below). 

 

 

   
 

Figure 6. Saproxylic insects include the various fungus feeders. In particular, Singapore has a rich diversity of Anthribid (Fungus 

Weevil) fauna, some examples of which are: (a)  Nessiara optica, (b) Sphinctotropis paviei. 

 

 

   
 

Figure 7. There are various other saproxylic beetle families: (a) The weevil, Mecopus sp. from the Zygopinae subfamily mating and 

nesting on a dead tree. (b) The darkling beetle Byrsax sp. has a pair of strange pronotal processes. 

 

a b 
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As a case study, the beetle family Cerambycidae (Long-horned Beetles) is used for discussion. Here, at least some sort 

of baseline data is available due to Alfred Wallace’s collection about 150 years ago (Pascoe, 1864–1869). Wallace 

recorded a total of 132 Cerambycids in Singapore (some of the original 135 species have been merged, because they are 

merely sexes of the same species). This, together with other miscellaneous historical records, brings the total to 140. 

Out of Wallace’s list of 132, 48 have been sighted recently and 84 species have not been sighted in the past 30 years. In 

addition, close to 100 ‘new’ species have been recorded recently, according to the personal list of the author (note that 

these ‘new’ records are hardly surprising given that Wallace only collected at one site). Of more significance is the 84 

missing species, which could be an indication of species becoming extinct due to habitat loss or insufficient sampling, 

further compounded by the natural rarity of many of these species (Figure 8). 

 

  

 
 

Figure 8. Long-horned beetle from the Epania genus seems to be naturally rare, even during Wallace's time, his capture being mostly 

unique. 

 

 

However, the fact that Wallace recorded so many species just within a short period of two months and at one location 

alone strongly suggests that the forest of Singapore then had an immensely rich and abundant Cerambycid fauna. Such 

tremendous biodiversity probably no longer exists and greatly decimated. A more concrete example can be found in the 

genus Glenea, tribe Saperdini and subfamily Lamiinae. Many members of the Glenea group are very eye-catching and 

diurnal (Figure 9a & 9b), so it is unlikely that so many of them would have been missed by the author if present (one 

can also reach similar conclusion by comparing the frequency of Glenea encountered in lowland Malaysian forests). Of 

the 26 Glenea species recorded historically in Singapore, less than 1/4 have been recorded recently (other than a few 

new species). It is safe to deduce that since Wallace’s time, there appears to be a severe decrease or even steady 

extinction of the beetles in the Glenea group. The exact reasons are yet to be uncovered, but reasons highlighted above 

(such as loss of habitat, fragmentary nature of the remaining habitat, random nature of tree fall, etc.) are likely.  

 

 

   
 

Figure 9. Two relatively common Glenea sp. still found in Singapore: (a) Glenea dimidiata, (b) G. discoidalis. 

a b 
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The real challenge in management lies in creating habitats for species that are naturally rare, demand interior forest 

conditions and have limited dispersal ability. Given the overall low abundance of dead wood and the lack of extensive 

areas of old-growth forests, these species will continue to face severe problems in the future, unless some deliberate 

remedial actions are taken. For instance, creating isolated patches of new wood would be totally irrelevant for some of 

these insects, given their degrees of specialisation and possible lack of mobility. Similarly, felling of ‘weed’ trees such 

as Albizia, or even by importation into the wood of timber felled elsewhere would not help, as they do not provide 

decaying timber either of sufficient size or quality to satisfy the more demanding species. 

 

The long-term survival of isolated assemblages of saproxylic invertebrates in small sites could be greatly encouraged by 

planting surrounding land with appropriate trees and managing them over the long term to produce old growth, allowing 

them to age and die naturally. In sites where the number of very old trees is dangerously small, but there are sufficient 

mature trees which are not yet suitable for producing dead wood habitat, or where there are generation gap problems, it 

may be possible to ‘pre-senesce’ younger trees so that the cycle of decay is initiated prematurely.  

 

 

GENERAL PRINCIPLES OF HABITAT MANAGEMENT FOR INSECTS 

 

While the preceding section focuses on different habitats and the associated insect community, it is good to summarize 

some of the important themes from the discussion, as well as highlighting further principles of habitat management for 

insect conservation.   

 

Maintenance of a naturally heterogeneous landscape is essential for conserving a wide range of insects, from various 

heteropterans, hymenopterans to orthopterans. On the ground it may be necessary to maintain a healthy, thick layer of 

leaf litter for insect and other arthropod diversity.  Even the border itself could be a factor. Complicated borders, 

marked by the extent to which patches ‘interdigitate’ and mix, provide for greater biodiversity. Also important are 

having a variety of flowers for as long a period as possible, as well as having a good mixture of flowers, grass, shrubs 

and trees. Structures such as river banks and ponds are also useful, e.g., natural sand bars alongside rivers are important 

for some tiger beetles, and the gomphid dragonflies.  

 

Large, good-quality, concentrated remnants of natural habitat can play an important role as habitats or as patches 

facilitating movement. In the case of the various semi-natural habitats surrounding the Bukit Timah Nature Reserve, the 

ideal situation is to reduce the contrast between these source areas and their surroundings to encourage movement 

through the differential landscape filter. As an example of such movement, different kinds of wood-boring insects such 

as Jewel Beetles (e.g., Agrilus sp. or even the relatively large Chrysobothris sp.) and Long-horned beetles could be 

attracted to fallen logs in these outlying areas. This might be important given that saproxylic insects are in severe 

decline. 

 

Critical small-scale habitats and special features, such as large logs for certain saproxylic species, hills for hill-topping 

behavior, mud for mud-puddling (Figure 10a & 10b) and sun-basking sites, are essential to small animals such as 

insects. For instance, damp mud and sun spots would encourage the presence of dragonflies. Conversely, a shady spot 

provided by an isolated tree in an otherwise open grassland or sandy shore habitat is important too. Sandy substrate 

alongside rivers or seashore must be protected from human recreational activities so as to avoid crushing of larval 

burrows (e.g., those of tiger beetles and antlions) by trampling. Even old-fashioned brick walls or stone walls (not 

modern concrete types) are good nesting sites for many bees and wasps. Note that many such ‘enhancement’ of 

environments for insects can often be achieved via inexpensive options. 

 

Currently, there lack a comprehensive overview of insects needing conservation attention. While there are doubts about 

the value of listing enormous numbers of them because the list rapidly becomes far too long to handle with limited 

logistic support, certain attractive focal species should be chosen to engender public goodwill. We have discussed some 

possible insect groups that represent certain habitats or certain functional aspect of biodiversity, and are highly visible 

and have aesthetic appeal. For instance, a number of rare or declining saproxylic beetles can be chosen as focal species. 

These thereby act as umbrellas for the less conspicuous saproxylic insects. Similar approach can be adopted for species 

of semi-natural habitats threatened by land use, sandy shore species threatened by reclamation and recreation, and 

nocturnal insects possibly affected by light pollution. In the long run, it is hoped that at least about 20 groups of insects 

from different orders can be chosen for monitoring. 
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Figure 10. (a) The digger wasp, Sceliphron madraspatanum collecting material from mud puddle for nest building. (b) The aeshnid 

dragonfly, Gynacantha dohrni ovipositing in mud. 

 

 

CONCLUSION 

 

The decline of our insect fauna must, without any reasonable doubt, be happening at a rate that would surely be 

considered alarming if only it could be noticed. This lack of knowledge of what has been lost contrasts with 

unequivocal evidence of major losses in other groups such as birds. Due to this inability to point to specific cases of 

extinction, effective promotion of insects as species of conservation concern is inhibited. Such wide-scale ignorance 

will necessarily be a threat to them, as conservation effort becomes tailored towards other groups that inevitably will not 

have quite the same requirements. 

 

Using insects as flagship species might be challenging, given a public whose squeamishness tends to outweigh its sense 

of wonder. We have highlighted suitable group of insects that are sufficiently well known taxonomically, sufficiently 

visible in the field, contains sufficiently abundant species with habitat specificity, and for which enough historical data 

exists. Recording distribution for them in a systematic manner is an essential first step and can utilize constructively the 

interests and energies of many amateur contributors. 

 

We have identified habitats with particular concern. Certain habitats and group of species in these habitats need 

particularly urgent appraisal in view of perceived threat to their existence. These habitats are generally those perceived 

as threatened also by other criteria (e.g., wetland, sandy shore) as well as specialized habitats of local occurrence (e.g., 

riverine sand bank) that are frequently not perceived as important using other criteria. Thus it is important to integrate 

the views of specialists in diverse animal and plant groups to achieve a new balance of views. 
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