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ABSTRACT 

 

Quantifying biotic extinctions, and identifying key ecological attributes that predisposes species to extinction is integral 

in conservation planning because it helps inform conservation planning and priority-setting in space and time. 

Singapore offers a perfect setting, given her long history of natural history record keeping and this has been 

demonstrated in a number of important studies. Here I review studies documenting local extinctions across three major 

taxonomic groups (birds, butterflies, mammals) and discuss their importance and limitations in understanding the 

extinction crisis in the Singapore context. I also briefly discuss current threats to biodiversity in Singapore and how 

future conservation intervention can be strengthened through more robust elucidation of conservation threat 

categorisation in the national Red Data Book, improving legal frameworks protecting threatened species and addressing 

critical research gaps for the most threatened species. 

 

 

INTRODUCTION 

 

Biotic extinctions and its quantification are focal points in conservation biology and have drawn much attention from 

conservationists and ecologists globally, given its irreversibility and impacts on ecosystems at various scales, much 

which remains poorly understood.  Furthermore, the utility potential of many species, especially in agriculture and 

medicine underscore opportunity costs suffered by humanity when species are extirpated (Wilson, 1999). The loss of 

biodiversity in Singapore is fairly well documented in the scientific literature and is often cited as a worst case scenario 

for biotic extinctions in the tropical realm (Brook et al., 2003) with applicable lessons for biodiversity conservation 

elsewhere in South-east Asia (Castelleta et al., 2000; Sodhi et al., 2004) and the tropics. Over a century of continuous 

data collection by naturalists for many taxonomic groups (e.g. birds, butterflies), coupled with fairly well-documented 

vegetation cover changes in Singapore has provided nearly optimal settings for quantifying biotic losses (Sodhi et al., 

2010) which in turn can be used to understand the impacts of historic extinctions on current biodiversity and predict 

future changes. 

 

In their landmark study, Brook et al. (2003) compiled extensive historical and current species inventories of multiple 

taxonomic groups (e.g., birds, butterflies, phasmids, vascular plants) to compare extant and extinct species, which in 

turn was analysed using a binary logistic regression to relate extinction likelihood to ecological characters. Besides 

Brook et al. (2003), others like Koh et al. (2004), Sodhi et al. (2010) and Giam et al. (2011) also attempted to describe 

the magnitude of Singapore’s extinction crisis and predicted equally bleak scenarios in response to extensive habitat 

loss while considering specific sets of ecological characters that predispose species to extinction. In this review, I 

summarise current knowledge of biotic extinctions in a number of well-known faunal groups. I also discuss how species 

will be imperilled by different synergies of threats in future and finally, how conservation assessments of currently red-

listed species in the Singapore Red Data Book (Davison et al., 2008) can be further strengthened with more rigorous 

ecological research to support future conservation interventions. 

 

 

IDENTIFYING LOCAL EXTINCTIONS 

 

Local biotic extinctions in Singapore is probably the most well-documented in tropical Asia, made possible with 

numerous historical, and recent publications documenting recorded species at different periods (e.g., Chasen, 1923, 

Gibson-Hill, 1951) within the last century. However, in the case of many regions and localities across insular and 

mainland South-east Asia, faunal communities are often either inadequately sampled in space and time due to 

remoteness of sites (e.g., Trainor, 2007), the large areas involved and where sampling has been carried out, show clear 

biases towards more easily sampled taxonomic groups (e.g., birds, butterflies).   

 

If comprehensive documentation in published literature is available, it is possible to coarsely estimate the rate of 

extinctions by comparing dated and recent faunal lists (Sodhi & Ehrlich, 2008; Pearson et al., 2009), or resample the 
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site at comparable levels of effort (e.g. Sodhi et al., 2010). A species can then be considered as extinct if it was not re-

detected, or do not show up in more recent lists, and can be presumed to have been extirpated in the year last observed. 

The strength of such studies of course rest on the assumption that inventories are fairly complete, thus allowing a 

species to be treated as ‘extinct’ if it is not detected in subsequent published checklists, and that the absence of records 

is a direct consequence of local extinction. While such a way of distinguishing between extirpated and extent species is 

straightforward and does not require expert knowledge of a species, there is a risk of committing ‘Romeo error’ if a 

species previously thought to be extinct is rediscovered. This in fact appears to be frequent in certain taxonomic groups 

(e.g., mammals, vascular plants) where species are regularly rediscovered (e.g., Chua et al., 2009; Lok et al., 2011), 

suggesting that earlier extinction criteria were either too loose or that sampling effort in these groups was 

disproportionately lower. Furthermore, many imperilled species may occur at such low densities, as low numbers of 

persisting individuals especially among long-lived species, or occur at poorly visited fringes of their original known 

range that they may be easily missed in field surveys (Scheffers et al., 2011). Whatever the case, when expert 

knowledge is limited and high-resolution spatial data of many species unavailable, published species lists can and have 

provide the most convenient method in inferring extirpations. 

 

Biotic extinctions in three well-studied faunal groups 

 

Birds are the most well-studied taxonomic group in Singapore and published records date back to the late 19
th
 century 

(e.g., Kelham 1881), allowing comparisons of diversity and species richness at numerous historical junctures be made 

and extirpations detected. There are also comprehensive published historical checklists of mammals (Chasen, 1924; 

Harrison, 1974) and butterflies (e.g., Corbet & Pendlebury, 1992), as are modern ones (e.g. Baker & Lim, 2008; Khew, 

2008). The use of these checklists have proved useful in inferring extinctions suffered over the past century (Lim & 

Gardner, 1997; Castelletta et al., 2000), which in turn can then be used to identify ecological characters (e.g., body 

mass, diet, geographical range, generation time), and specific threats (e.g., deforestation, fragmentation) that those 

predisposed species to extinction (Koh et al., 2004; Sodhi et al., 2010). These characters can then also be extrapolated 

across time and space to identify other species vulnerable to extinction, and estimate extinction rates in the larger Indo-

Malayan region (e.g., Brook et al., 2003). 

 

 
Figure 1. Bar chart showing amphibians, reptiles, mammals, birds and butterflies in various threat categories, based on data in 

Davison et al. (2008). 
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I. Bird extinctions  

 

Any comparison of old and recent published checklists in Chasen (1923) and Lim (2007) for example, would have 

noted the significant faunal turnover through direct loss of forest-dependant species through extirpations, and gain in 

non-forest, open-country species likely to have colonised Singapore recently. Of those extirpated, Castelleta et al. 

(2000) identified 65 species that has disappeared within the last 75 years, particularly from forest-dependant groups (61 

out of 91 species) like pheasants and trogons, as are species that are insectivorous and canopy-dwelling. Furthermore, 

data inferred from extent bird diversity in large contiguous forests in Peninsular Malaysia suggests that as many as 46% 

of forest species may have been lost even before checklists were first compiled (Brook et al., 2003). Recent data 

document further extinctions since these two studies (Yong, 2009; Yong, 2011) and a number of forest species extent 

till the early 2000s (e.g., Dryocopus javensis, Malacopteron magnirostre, Trichastoma rostratum) may either be already 

extirpated, or occur at such unviable populations that they are committed to extinction. Given that most attempts to 

estimate extinction rates have not considered effects of climate change, it is unclear if magnitudes of biotic extinctions 

could have been more severe had climate change been factored in the models.  

 

II. Mammal extinctions  

 

Given the difficulty in detecting mammals, particularly nocturnal species (e.g., bats, small carnivores), it is difficult to 

estimate extinction rates accurately for mammals since it is difficult to ascertain if a species is extinct even when there 

are no records for a long period of time.  The poor state of knowledge of mammalian assemblages in Singapore is 

clearly exemplified by the fact that new species continue to be discovered (e.g., Kerivoula hardwickei), and species 

thought to be extirpated are rediscovered (e.g., greater mousedeer, Malay civet) (Chua et al., 2009; Lim & OuYang, 

2012), suggesting that extinction rates for mammals may have been overestimated. If recent rediscoveries are 

considered, 19 out of 50 (38%) non-volant mammals are now extinct, as are 8 out of 30 bats (27%) in the past century 

(Yong D. L., unpublished data). Preliminary analysis appears to suggest that forest loss is less of a threat to mammals 

and that many, including some currently threatened species (e.g., Sunda pangolin) have fairly large habitat breadths, 

being able to persist in a mosaic of secondary forest and cultivation (Chua et al., in prep.) (Figure 2). On the other hand, 

large-bodied species appears to be more vulnerable to extinction, suggesting that hunting may and will continue to pose 

a formidable threat to many large mammals in Singapore (Yong & Harris, in prep.).   

 

 
 

Figure 2. Boxplots showing (a) habitat breadth and (b) median body mass of extant and extinct mammals in Singapore.  
 

 

III. Butterfly extinctions 

 

Unlike mammals, butterflies are relatively easy to sample, especially among species of the more conspicuous families 

Pieridae, Papilionidae and Nymphalidae.  Based on a comparison of checklists (e.g., Fleming, 1977), Koh et al., (2004) 

inferred that 175 species, or 45% of documented butterfly diversity in Singapore was extirpated at the time of the study, 

although a few small bodied species, especially butterflies in the inconspicuous Hesperiidae, and some Pierids (e.g., 

Euploea tulliolus) has since been rediscovered. Among ecological correlates which have been strongly linked to 

butterfly extinctions, Koh et al. (2004) found that larval host-plant specificity as is habitat specialisation were the most 

significant. This has major implications for conserving butterfly populations. While limited habitat availability for 

specialists, especially forest-dependant species will surely push some species to local extinctions, widespread 

cultivation of host-plants will prove to be especially important in sustaining populations of species currently vulnerable 

to extinction. Some species formerly rare have increased in terms of abundance this way. 
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Despite the difficulties in inferring extinctions and extinction rates in various taxonomic groups with precision given 

incomplete historical records and the difficulty in establishing genuine extinctions from sampling, it will prove to be 

more than just an academic exercise. Knowledge of how fast species are disappearing, and differential rates of 

extinctions across groups should provide precedence in conservation prioritisation especially in preventive measures 

designed to safeguard biodiversity. More importantly, being able to identify species that are condemned to extinction, 

extinct or species that may stand a chance of recovery given management efforts would be informative in priority-

setting.  

 

 

CURRENT THREATS TO BIODIVERSITY 

 

Threats faced by Singapore’s biodiversity are diverse, but have changed with time. Historical forest loss and subsequent 

fragmentation and degradation of remaining forest patches is responsible for the most documented extinctions and many 

more predicted future extinctions (the extinction debt), and is relevant to a large proportion of red-species listed in the 

Singapore Red Data Book (Davison et al., 2008). Nearly half (30 species) of nationally threatened birds, two thirds of 

mammals and all amphibians (8 species) are dependent on existing forests as highlighted in Davison et al. (2008), as are 

a significant proportions of other taxonomic groups. Despite this, there are however very few documented instances 

(e.g., Castelleta et al., 2005) locally on how fragmentation impacts populations of forest organisms, or how 

fragmentation effects potentially interact with other threats like anthropogenic disturbance, invasive species and 

particularly, climate change to drive extinctions.  

 

 
 

Figure 3. Bar chart showing proportion of red-listed species that are forest-dependent. 

 

 

Habitat fragmentation is likely to pose a severe threat to many imperiled species in Singapore, largely by breaking 

populations into non-viable subpopulations, limiting opportunities for dispersal and effectively limiting genetic 

exchange. Two dominant climax vegetation types, lowland forests and mangroves are now heavily fragmented into a 

number of small, isolated patches. Lowland dipterocarp forest inclusive of secondary woodland in Singapore’s largest 

protected nature area, the Central Catchment Nature Reserve, occurs as a number of patches, the largest being less than 

1000 Ha and surrounded by a diverse non-forest matrix of water (reservoirs), parkland (including golf courses), 

secondary scrub and residential areas which collectively supports low species diversity and is of little ecological value. 

Similarly, mangrove forest which was historically contiguous along the coasts is now reduced to a number of small 

patches (Yee et al., 2010), of which one of the largest protected patch, the Sungei Buloh Nature Reserve has already 

suffered a number of local extinctions, given that many specialist mangrove birds (e.g., mangrove pitta) are no longer 

extent there. As few sampling have quantified local populations in habitat patches using standardised methodology, it is 

difficult to objectively predict extinction likelihoods for many forest-dependant species. For instance, the threatened 
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Horsfield’s flying squirrel occurs in a number of forest fragments (e.g., BTNR, Nee Soon), but the lack of reliable 

population estimates means that it is difficult to predict how vulnerable widely separated subpopulations are to 

extinction, and thus hindering conservation management efforts.  

 

While forest loss and degradation can explain many past extinctions, it appears certain that climate change will pose a 

formidable threat to biodiversity in tropical Asia in the long term, relative to other existing threats (Thomas et al., 

2004). The literature on climate change impacts on biodiversity is vast and continues to grow, with an obvious skew to 

temperate and mountain flora and fauna, but more recent studies have shown that tropical species are also especially 

vulnerable, with few examples from South-east Asia (e.g., Harris et al., 2012). Available climate change models predict 

mean temperature anomalies of as much as 2°C in the next 20 years, although how precipitation patterns will change in 

space and time is more difficult to rigorously model. Such a significant increase in mean temperature is predicted to 

exert greater physiological stress on plant and animal assemblages, resulting in poorly acclimatised populations to die 

out, or undergo shifts, shrinkages or expansions in geographic range. Currently there are no published studies 

documenting specific instances of climate change on biodiversity in Singapore, but some observations made on animal 

phenologies show changes likely attributable to recent anthropogenic climate change and its interaction with other 

ecological factors. For example, newer studies like Harris et al. (in review) discovered marginal shifts in arrival dates of 

migratory birds in Singapore. While specific documentation of climate change induced shifts in biotic patterns remain 

scarce, it is likely that increased severity and frequencies of bush fires as a result of altered fire regimes, an outcome of 

warmer temperatures will pose an immediate threat to biodiversity, as much as the haze events that occur as a result of 

large-scale forest fires in other parts of South-east Asia. This is on top of other biotic changes that take a longer time to 

unmask themselves due to the timescales and generation time of organisms involved (e.g., shifts in forest community 

structures) 

 

A more undesired biotic outcome of anthropogenic climate change is how alien and potentially invasive animal and 

plant species may become more resilient, given the potential of more suitable environment available. Singapore is 

known for the large number of alien plants and animals that are established, sometimes unintentionally (e.g., Spathodea 

campanulata) (Hulme, 2011). Usually, populations of alien species that fail to become established die out after a while. 

However, climate change, and its synergistic interaction with other ecological factors may render suitable conditions for 

some species, as documented in numerous instances elsewhere. Increased competition, or predation posed by invasive 

species can push currently imperilled species to the brink of extinction. 

 

 

IMPLICATIONS FOR CONSERVATION AND FUTURE RESEARCH DIRECTIONS 

 

As species continue to vanish or stand on the brink of local extirpation, it is imperative for conservation practitioners 

and decision makers in government to set clear priorities and policies to guide conservation measures, which in turn has 

to be grounded on sound research. Despite the availability of published biodiversity data dating back to more than a 

century, information on life history, ecology and population patterns on many species across many taxonomic groups, 

especially invertebrates and vascular plants remain far from complete. Many of these are known merely as a ‘record’ of 

occurrence based on notes compiled by amateur naturalists or are labelled museum specimens, which on their own are 

clearly inadequate in compilations of datasets used for conservation planning. To address this, an immediate priority 

therefore would involve directing current biodiversity research efforts at addressing population patterns and viability, 

which can be achieved through regular standardised sampling using sound methodology (e.g., distance sampling, 

capture-recapture sampling) and collation of detailed spatial data on species. Given that surveys of this nature will be 

logistically demanding, it would be prudent to focus intensive research on the most threatened species (e.g., currently 

listed critically endangered species), which in turn can be complemented by less-intensive field research on species 

deemed less threatened (e.g., rapid biodiversity assessment surveys). Research of this nature should focus on providing 

regular and estimates of populations, trends in population, dispersal ability, on top of addressing levels of vulnerability 

to the various threats identified. Datasets obtained this way can be used to evaluate viability of remaining populations 

using suitable research software.  

 

Second, effective conservation needs to be supported by sound evaluation of conservation status of threatened species 

such that conservation efforts are prioritised and is directed to species most in need. In this case, the national Red Data 

Book (Davison et al., 2008) will prove to be an important document in guiding current and future conservation 

measures, partly as a baseline for future conservation prioritisation. Many species in the Singapore Red Data Book are 

listed on the basis of expert knowledge, but their inclusion in the Red Data Book should also be based upon objective 

criteria in evaluation of conservation status, which will continue to prove challenging due to the difficulty in obtaining 

detailed spatial and population data of many species. Furthermore, newer components in evaluation criteria should be 

incorporated to take into account vulnerability of species to novel threats like climate change, which is predicted to pose 

a serious threat to many species in future. One major shortcoming of being listed as threatened species in Singapore is 

that inclusion in the national Red Data Book does not afford a species special protection, unlike that in the United States 

where ‘endangered species’ are protected under an ‘Endangered Species Act’. Affording legal weight to a species 

defined as ‘threatened’ in the Red Data Book could strengthen efforts to conserve remaining habitats, many of which 
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currently have no protection, as is the introduction of provision for environmental impact assessments before 

developmental projects are allowed to proceed on sites supporting many threatened species.   

 

Finally, given how fragmentation and area effects may limit populations of threatened species by limiting dispersal, 

especially among poorly dispersing species, consideration should be made in increasing area of forest coverage through 

direct reforestation, as is improvement of connectivity between forest patches, and maintaining of extent patches of 

forested land outside of the existing nature reserves, many which are now threatened by development projects. 

Improved connectivity will prove critical in maintaining populations of some of the less-fragile species, especially 

terrestrial mammals, amphibians, reptiles and invertebrates and has scientific basis in the large number of studies on 

landscape connectivity and biodiversity globally. Some progress has been made in this direction, particularly in the 

construction of a major ecological corridor between the Bukit Timah Nature Reserve and the Central Catchment Nature 

Reserve (Chua, 2010). Future efforts can be directed at reforesting patches of non-forested and scrub land within the 

Central Catchment to eliminate ‘non-forest matrix’ in the larger landscape mosaic. This should be complemented with 

measures to curtail the spread of invasive plant and animals (e.g., Clidemia hirta) in the nature reserves, and when 

deemed necessary, targeted extermination of these invasives should be carried out. 
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