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EXECUTIVE SUMMARY

Singapore is a citgtate with a land area of abouf18.3 km’ located withn the Sundaland
biodiversity hotspotlt is one of the most densely populated countries in the world anddespite
being highly urbanisedharbours rich native biodiversityithin its borders.

The unique circumstances of Singapore présconsiderable ltallenges to the conservation of
biodiversity, asthere are many competing needs within a small land ar€anverselyit also
presents opportunities for innovative solutions to address these challenges, including the
development of expertise on urban binersity conservation.

The current state of biodiversity shows some signs of improvement, as there have been fairly
significant increases in the numbers of species for certain groups of plants and animals, most notably
vascular plants, birds, spiders, sobrals and some of the insects. Furthermore, many species once
thought lost have been found again in local habitats and home ranges of some rare species have
expanded. In addition to facing ongoing threats to biodiversity from scarcity of land, some othe
challenges to biodiversity conservatioinclude potentially invasive specie§hese are being
monitored for longer term impacts to habitats or are being studied more closely to find solutions.

There have been several key initiatives under the five sgiat outlined in the 2009 version of
{AY3IlILIR2NBEQa blaGA2yl .A2RAQGSNRAAGE {GNYXGS3E | YR
recovery programmes, habitat restoration and enhancement initiatives as well as efforts to improve

habitat connectivity are goe of the ways in which Singapore safeguards biodiversity. The
{dzAGFAYIF06tS {Ay3FLRNBE . fdSLNAYyId wnmp +FYR {Ay3l L
ways in which Singapore takes biodiversity issues into consideration in policy and detiiog

Yy2gf SRAS 2F {Ay3IlILIR2NBEQa O0A2RAGSNBAGE Aa Fftaz 7
managed using tools such as the BIOME datalReliversity and Environment Database System

Great emphasis is placed on enhancing education and public aesgewith various events being

held such as the Festival of Biodiversity under the Community in Nature initiative. Singapore also
works towards strengthening partnerships on biodiversity issues at the national, regional and
international levels.

On the vhole, Singapore has made good progress on the targets that are relevant, and this was
assessed based on the initiatives carried out uridé¢ S & G NJ} §S3ASa 2F GKS b. {!t
a02NB 2y GKS {Ay3l LR NB Singap8EQ &2 vb . /[{A i A S&Q O dINNBHYHS |
review to develop nationally relevant targets which will allow better tracking of the state of
biodiversity in Singapore.
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CHAPTER 1
INTRODUCTION

Singaporeis an island citgtate in Southeast Asidpcated at the sathern tip of the Malaysian
peninsula,and consistof one main island and6 smaller offshore islands (Tun, 2012l ocated
within the Sundalandbiodiversity hotspot Singaporehas a rich array of native biodiversity in
numerous habitats despite its smadize. Singapore currently hasour legally gazetted Nature
Reserves an@0 other administratively protected Nature Areas that cover the majority of natural
habitats within Singapore such as primary dryland forest, tall secondary forest, freshwater sywamps
rocky shoresmangroves, mudflats, seagrass beds and coral reefs.

At just 78B.3 km? Singapore is one of the most densely populated countries in the ywaittl a
population of 547 million and a population density of 15 persons per kif(Singapore Dep#ament

of Statistics, 204). This unique situation presents considerable challenges for biodiversity
conservation as Singapore hae constantlybalancenumerous competing needs within this small
area

1.1 Gontext and challenges

LEt 2F { AY 8d indudidy Diddiversidyiichr@ervatibn, take place in the context of the
limited available land areawhile most other countries have a hinterland that can be utilised for
other usessuch as ports, airports and reservoiBngapore is a citgtate with a diversifiedeconomy
based on manufacturing and servicaad has tdulfil all the land use needs of a country within the
city, ranging from housing, offices, commercial centres, to infrastructure and utilities, as well as
water catchments and military a&ining land To satisfy these competing demandbgte is a need

for a pragmatic approach in balancidigferent land requirements

Tablet{ Ay 3l L2 NBQa f Miyisky dfilaljodzl DeBeloBnénMalD, 2013)

Land Use 2010 2030

Ha % Ha %
Defence 13,300 |19.0| 14,800 | 19.3
Housing 10,000 |14.3| 13,000 |17.0
Industry and Commerce 9,700 13.8| 12,800 | 16.7
Land Transport Infrastructure 8,300 11.8 9,700 | 12.7
Parks and Nature Reserves 5,700 | 8.1 7,250 |95
Community, Institution and Recreational Facilities 5400 |77 5500 |7.2
Ports and Airports 2,200 |31 4,400 |5.7
Reservoirs 3,700 5.3 3,700 4.8
Others 10,000 | 14.3 2,800 | 3.7
Utilities (e.g. Power, ater treatment plants) 1,850 | 2.6 2,600 |3.4
Total 71,000 | 100 | 76,600 | 100

{ Ay 3| uiBaNJBoftaxt and drive to optimise use of limited lapwbvides the opportunity to
promote and explore innovativerban biodiversity conservatiostrategies Singapore has taken
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great efforts to introduce nature in every available space, from rooftop gardens to vertical greenery
and the use of relatively small spaces as parkgbuildinglinear parkg§known as park connectors)
that stretch for kilometes. Habitat enhancement and restoration also play a major role, for areas in
Singapore that were previously cleared or developed that can now {oeveloped to incorporate
existing uses with the presence of nature.

{ Ay 3l LI2NBQA LINS Gdorrdetithe tpériddiup 162009, andSthuig tidiscope of this
National Report will cover the period 2010 to 2014 will provide updates on the status of
biodiversity in Singapore since the last report, as well as highlighting some of the biodiversity
conservatbn efforts Singapore has made in the context of our National Biodiversity Strategy and
Action Plan(INBSAPbefore finally bringing these together to gauge our efforts with respect to the
Aichi Biodiversity Targets.
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CHAPTER 2
UPDATES ON THE STATUS ANDDOSTEWBIODIVERSITY IN SINGAPORE

2.1 Importance ofbiodiversity

Singapore has always prided herself on maintaining lush greenery within a highly urbanised, densely
populated city.The task of maintaining the greenery in Singapore is carried ottebiational Parks

Boarddé bt I NJ & bpectiveistomInsfadn{ A y I L2 NBE Ay (2 dndooeohtied Ay
six key area®f this visionis to enrich biodiversity irthe urban environment.The benefits of
biodiversity within a predominantly urban emenment are numerous and biodiversity is a
significant aspect of the development plans of Singapore for the following reasons

Quality of life:

Quality of life refers to the physical and emotional weding ofpeoplewhich is often influenced by

our envionment. Research has shown that being exposed to naamatbiodiversity improves our
health and psychological wdlking as it engages our senses of sight, sound, scent and touch
(University of Minnesota, 2015). The provision of a natural environmeitys f Ay S G A (K
mission - to create the best living environment through excellent greenery and recreation, in
partnership with the community. NParks manages greenery and natural areas to maxasiseof
access to naturéor Singaporeanghus improving their physical and psychological wedling.

Natural spaces act as inspiration for imagination and creativity. It also provides relief from the
concrete urbanised environment, giving Singaporeans space to unwind and relax, helping to improve
physical ad emotional welbeing. Studies have shown that taking time to appreciate nature helps
alleviate the fatigue from directed attention used at work, and that office workers with a view of
nature liked their jobs more, enjoyed better health and reported geedife satisfaction (Clay,
2001).

Recreatiorand health

The links between biodiversity and human health and Avelhg are well documented (Chivian &
Bernstein, 2008), and often there will be a need for city dwellers to seek respite from the concrete
and steel of urban city lifeToincrease thdiveability of the city for citizensa variety of options for
nature-basedrecreationhave to be provided, and thisvolves maintainingsome level of greenery

and nature withinthe city ¢ both managedregetationand naturalhabitats While residents of most
other countries have the option to leave the city and travel to less urbaréseds this is not an
option available irSingaporeand any natural areas need to be wittthe city proper.

The positive benefit of biodiversity have been recognised in Singapore in the design of Khoo Teck
Puat Hospital (KTPH). KTPH is designed with the philosophy that every patient should have a view of
nature, as araid in the recoveryprocess Selected areas wengsedto create habitats and plants

were effectively used in all the wards to bring this about, incorporating green areas throughout the
hospital design. The designers also selected spespécies oplants toencourage butterflies and

birds to visit the plants to erdnce the experience patients can get from their window or by walking

in the garden Alexandra Health Sysin, 2013).

3| Chapter 2:Biodiversity Status
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Research

Singapor® & NRA OK O0A2RAOGSNEAGE KI & | f gTaddomicop&iyhens & dzo 2
collectedby British naturalist such asir Stamford Raffles (the founder of Singapore) are still kept in

museum collections locally. Today, new taxonomic discoveries are still possible, and research forms

an integral part of informing how Singapore maintains a green and natural énwironment
wSaSIFENDOK Ay O2yaSNBIaGA2y FyR SO2f23& INBE LI NIAO
Nature Reserves and natural are#s recent years, Singapore has had a strong focus on research

and developmentn the biomedical sciencesind maintains the capability of utilising the native
microbesflora and fauna for such research by conserving our habitats.

Education

In this country where the entire population resides in urban areas, there is a needngerve
nature to exposg A y 3 I dathN® e richness of biodiversity in Singappsénce theheavily
urbanised environment within the city where most children are brought upas relatively little
biodiversity- short ofdomesticated pets, pests and ornamental plants.

With environmentalchallenges like climate change and biodiversity loss gaining prominence in the

global agenda, it is increasingly pertinent thlaé young havesome basic exposure to biodiversity,

to better understand the global context thate have to operate inExposig youth to biodiversity

and the associated career optiongould also form the basis for eventually having home grown
NBaSINOKSNA GKIFIdG OFry KSELI G2 OFNNE F2NBIFNR {Ay3l

Heritage

Singaporeans sometimes travel to neighbouring countresrjoy the habitats they offer. What few
realise is that such habitatsan also be found i8ingaporeandstill remainto be enjoyedSingapore
works hard to conserveur biodiversity as sucmatural heritage is difficult, if not impossible, to
restoreonce lost.

Qulture and tradition

Bhnic groups in Singapore have a long histofydependence omature andnatural products in
their traditional practices and remedietn addition to typical western medicine, Singaporeans are
still known to seek alterative remedies fromraditional Chinese, Malay and Ayurvediedicine.

Nature-basedtourism:

Tourism is a major industry in Singapoagd in 2013, Singapore hosted over 15.5 million visitors
(Singapore Tourism Board, 201#) addition to rich biodiversy, part of the draw for visitors from
2OSNESIFaA A& (GKS I 00SaaA @thé Singapore2Bbtanic Gyrdehatdduds Q& v |
one of the last remaining patches of primgarainforest in Singapore, anget it is within walking

distance fromOrchard Road, one of the main retail areas of Singapbaérador Nature Reserve has

a dedicatedMass Rapid Transit (MR@ne of the primary forms of public transporstation, and

shares this with the Alexandra Retail Centre, a large shopping mall. It jsistisdive minute drive

away from VivoCity, one of the largest shopping malls in SingaporeSensa island which has
numerous tourist attractions.

4| Chapter 2:Biodiversity Status



Potential changes to endemism:

G\ @Sy {Ay3IlILERNBQa ail S | yR RS Idubodi@rEity tetdah yeA a | § A 2
found in the much larger neighbouring countriéshas alwgs been generally assumed tratnost

any species that goes extinct in Singapore has a reasonably good chance of beingnfoluead

habitats of neighbouring countrie§ his may no longer be a valid assumption, astteral range of

animalsin the region changes over tinterough extinctions in other areas or entire countries

AaCAYylLttex GKS f2¢flyR S0O02aeaiSvya 27T al ftleaa
catastrophic hman impacts over recent decades, with vast areas now under industrial

crop monocultures or expanding urban areas (Miettinen, Shi and Liew, 2011). It is no

longer safe to assume that a n@mdemic species lost from Singapore still persists

elsewhere in theNB 3 AcZyhldtE 2013.

Species once thought to be widespreiadneighbouring countriemay eventuallybecomeendemic

to Singapore, due to local extinctions elsewheas the natural range of the remaining populations

are gradually reduced to within Siagore As such, the inbNIi I Yy OS 2F O2y aSNIAY =
biodiversity becomes all the more crucial to prevent global extinctions.

2.2 Sate of biodiversity

Although Singapore has a small land area, her geographical location and climate both present
opportunities for a wide array of habitats within this small space. However, the diversity of habitats
found hererequiresa broader range of expertise in order to study propeHgnce there have been

guite a number ohew speciedliscovered and rediscoveria of species thought to have been lost.

One example is the ongoir@@omprehensive Marine Biodiversity Sun{@MBSpf the mudflats and
waters off the coasbf Singapore The CMBS is a fiyear national initiativethat began in 201@o
take stock of our rarine ecosystems, species diversity and distribution of marineltife organised
by NParks in collaboration with taxon experts from tertiary institutiomen-governmental
organisationdNGO3 and individual enthusiast#\lthough the results have yebtbe published, the
initial findings are very promisirgssome ofthese habitats have been very difficult to study before
this, requiring specialised equipment and strong government supplbris estimated thatthe
surveys have discoverelD0 specieshat might possiblybe new to scienceabout 200new records
and about 10 rediscoveries for Singapaiace the beginning of the CMBRSational Biodiversity
Centre unpublished data

Current research on relatively neglected taxa has also greatly contridotéde current state of
knowledge of local biodiversity. Research work on some of the most highly diverse groups has only
just been initiated, and already some promising results are being found, for example, new species
and new records have been found follies, orthopteransand the allied cowrieswhich were
relatively neglected groups previously.

221 Newspeciesdescriptions

New species found in Singapore are indicative of the amount of research work currently being
undertaken by scientists in our neé habitats. Groups that are relatively unetudied benefit
most from additional work done in this area, but unfortunately the more obscure the gigupe
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greater the expertise required in order to identify new species. Singapore has generated quite a
good amount of research interest over the years, in some cases bringing in experts in taxa from as
far away as Belgium in order to survey our habitats. Of note would berthegroveinsects as
indicators of habitat quality project, supported biParks, with described a total of 32 new species

of flies Grootaert & Shamshev, 2012; Grootaert, 2018nhother project on the orthopterans
(crickets and grasshoppers) of Singapore described 16 new orthopteran sf@oiexhov & Tan,
2011; 2012; Ingrisch & TanQ22; Robillard & Tan, 2013an, 2011; 2012a; 2012han & Ingrisch,
2013; Tan & Robillard, 2012hile other surveys generated more modest numbers in terms of
species descriptionsom Singaporel bee (Pauly, 2012)5 beetles (Jach et al., 20032 soft corals
(Benayahu & Chou, 2010; Benayahu & van Ofwegen, 2@1tjustaceangNaruse & Ng, 2010;
Mendoza & Ng, 2011; Cai & Teo, 2Q12nollusqHouart, 2011and1 spongglLim et al., 2012b)n
addition, anew subspecies of snailvas alsodocumentedfrom here Amphidromus atricallosus
temasekis anew subspecies of arboreal land snail distinct from the sgecies found in Peninsular
Malaysia (Tan et al., 2011).

2.2.2 Newrecordsandrediscoveries

Ongoing surveys have found numerous species that @cerded in Singapore for the first time, as
well as some rediscoveries of species once thought extinct from local habitats.

a2ad y2irotes NBaSINOKSNAE KI ¢bpspeiy©Qighd paterailB RA & O2
localwaters (Lim Tun & Goh, 2092 Once thoughto be globallyextinct, this large sponge was first
described from Singaporim 182 (Hardwicke, 18201822 Low, 2012)However,their large size

made them desirable for collectors and they soon went extinct from local waters by the W8igbs

the last two specimendound here were dredged up.There had been no sightings of living
individuals of this species since 1908 in Indonesia, but dead specimens washing up on Australian
shores in the 1990s gave hints that the species had yet to goceéxtim Tun & Goh, 2012 In

March 2011, marine biologists were conducting routine surveys when they came across an unusual
f221Ay3 aLRy3aS GKFG o6 a copkTareNGoH, FOS1K SekofdhirliRidual a (G K S
was later found just 50m disnt from the first, and the two sponges are being closely monitored and

their biology studied. Surveys are already turning up new insights into their biology, as their growth

is much faster than previously thought (Platt, 2011).

Another notable rediscovgrwas theconfirmationthat the Malay civet,Viverra tangalungacanbe

found here. This species was purportedly found in Singapore based on a single specimen in the
Muséum National d'Histoire Naturelle in Paris, France, but its presence here has notdnéemed

until 2012 when it was captured by a camera trap at the Central Catchment Nature RESENR (

Lim & Ou Yang, 2012Although only one individual has been recorded thus far, the findnis
encouraging RRAGA2Y (2 {Ay3l L2 NB@afpredatyiytere. T dzyl 3IABSY

The rediscovery oB3 species of plants previously thought to be locally extinct is also highly
significant. These rediscoveries are likely to be the result of increased botanical surveys rather than
re-introductions. Their consgation status will also have to be-essessed, although in general most

of the rediscoveries still remain as relatively isolated populations.

Other noteworthy new records were the finding of 30 soft coral species that have been found in
local waterqdBengahu & Chou, 2010)

6] Chapter 2:Biodiversity Status



2.2.3 Possibleextirpations

Recent studies of giant clams (Neo & Todd, 2012, 2013) in the local waters have failed to find two
species that were once recorded from the literatur€ridacna gigaswas last recorded from
Singapore in 186@aily Telegraph, 1914), aktippopus hippopuwas last recorded in 1963 from an
area that has since been reclaimed. As it has been just over 50 years since it was last rétorded,
hippopuscurrently meets the criteria to be considered locahtirpated

Although this is not documentation of a species that lhagn extirpated there has beersome
confusion in two varieties of orchibund in local forestsone of which is extinctCystorchis
variegata var. purpureadiffers from Cystorchis variegataar. variegata only in leaf colouration
Althoughvar. variegatahad been previously listed as Nationally Extinct, it has been collected from
various places around Singapore recently (Lok et al.,[®0lvhereas recenextensivesurveys have

yet to find anyvar. purpurea As such, the authors propose that previous publications that purport
to have found Cystorchis variegatavar. purpurea had misidentified the specimens, that the
conservation statuses of the two varieties should be reversed. HeBgstorchis vaeigata var.
purpureais considereextirpatedin Singapore.

Although it was last seen in 1980, the wdplybioides raphigastrhas not been seen since. Given
that this species lives in very large colonies and has a defensive nature, the fact that it hagmo
reported for over 30 years makes it fairly likely to be locaktirpatedas well (Lee, J. X. QQ13,
pers. comm. 28 Oct).

There are various studies that have been done attempting to document histesitigbationsfrom

past records, with compé#on to the current state of those particular taxa. Although these are not
considered agxtirpationsfor the purposes of this national report, it is useful to bear in mind these
historical extirpations as a reminder of what has been IBst. example, aecentstudy surveying
YIEAYEFYR { Ay3l LR NE@siand ErdalisBund # spécks preselila et al.,
2014) They used this figure to estimate the number of pteridophyte species likely to be extant in
Singapore, and based on this thegve estimated that about 886 species have been extirpated
locally from historical recordsl{0 species, based on the figure provided by Holttum, 1968).
Similarly, thecurrentlist of butterflies Khew 20149 shows a decrease of 116 species from histdri
records (Corbet & Pendlebury, 1992; Fleming, 197%hese 116 species (not included in the
checklist) have not been sighted in Singapore since the 1970s and represent potential local
extinctions.

2.2.4 Updatesonthe numbers of species

Taking all thenew species descriptions, new records and rediscoveries for Singapore into
consideration, the number oéxtant (native and nomative) species for taxa reported in the"4
National Report can now be updated, as shown in the following table:
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Table 2 Updateson the number ofextant (native and nomative)species for various taxa found in
Singapore.
SeeAnnexA for more details on sources of information for each taxa.

Taxonomic No. of Inc_rease New New . : L
group species in Species | Records Rediscovers | Extirpations
number
- Vascular Plants| 3604 54 0 21 33 0
g o Algae 1054 0 0 0 0 0
g2 Fungi 950 0 0 0 0 0
g0 Lichens 376 0 0 0 0 0
Bryophytes 233 1 0 1 0 0
Mammals 93 2 0 1 1 0
o Birds 384 20 0 18 3 1
I Reptiles 152 4 0 4 0 0
) Amptibians 29 0 0 0 0 0
g | Freshwater | 2 0 2 0 0
fishes

Marine fishes 585 13 0 12 1 0
3 Butterflies 317 22 0 17 5 0
£ Beetles 10000+ 9 5 3 1 0
g Dipterans 910 32 32 0 0 0
o Hymenopterans| 540 1 1 1 0 1
S Myriapods 55 0 0 0 0 0
§ Odonakes 127 15 0 15 0 0
9 Orthopterans 200+ 18 16 1 1 0
- Spiders 425 26 1 25 0 0
% Crustaceans 1000+ 8 3 4 1 0
© Molluscs 1291 6 1 5 1 1
g Octocorallia 63 32 2 30 0 0
3 Hard corals 255 0 0 0 0 0
£ Ascidians 32 14 0 14 0 0
£ Sponges 228 3 1 1 1 0
g Echinoderms 120 1 0 1 0 0
Marine mites 39 0 0 0 0 0

" - Figures for these taxaclude species of indeterminate status.
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2.2.5 Biodiversity trends

¢CKSNB KI 0SS 688y a2Y$ LIRaAiGA®S GNByRa Ay {Ay3dl L

yeas. However, with the exception dihdings onthe banded leaf monkeythese new finding®n
increases in range or population highlighted belane likely to be representative of greate
sampling effort rathethan an actual trend in biodiversity arisingin conservation efforts

2.2.5.1 Changes in the distribution of native species

Some of thesurveys conducted in recent years have found some animals wdisg@ution ranges
are wider than previously thoughBurveys in the Western Catchment area hawentl thegreater

mousedeer(Tragulus napy the malayan porcupingHystrix brachyurpand thegreen tree snail
(Amphidromus atricallosus temageln this area for the first timgChua, M. A. H.2013, pers.

comm., 25 Oct)Another study showed that two spees of flying squirrels, theed-cheeked flying
squirrel (Hylopetes spadicets I Y R (i K Slyifg 8qNife¥ldnfyS hBrsligld)i have been found
in new areas adjacent to those where they were originally found (Chua et al., 2013).

A study on the laally critically endangered thorny bush froghheloderma horridunfound that its
range may be larger than once thougitigueroa & Selveindran, 2011). Originally thought to be
confined to the Bukit Timah Nature ResefBINR)it has now been found in thlee Soon swamp
forest, and part of the CCNRwith indicaionsthat the species may be present within other parts of
the CCNR

2.25.2 Increases in the population of vulnerable species

The banded leaf monkeyPresbytis femoraljswas first described from r8japorein 1838 and
Singapore is thus the type locality for this speciestrently,three sub-species are recognised, with
the population in Singapore and Johor belonging to the-spiciesPresbytis femoralis femoralis
(Ang, 2010 Ang et al., 2012)This animal was once assessed as having a population too low to be
viable (Brook et al., 2003), and was expected to decline loaallybecome extinct within a few
decadesln 1990, the population was estimated to be around1Bindividuals (Yang et al., 1®9In
2008, a 22 month long study of the populationRff. femoralisvas undertakenThe results of the
study show thatthe population wasestimatedto be approximately 40 individuals, and that the
monkeys were reproducing (Ang, 2010). Although the paipon had more than doubled over 20
years, the genetic variability of this population wiasind to below (Ang et al.2012), which is a
cause for concern over the long term viability of the species localtiiough the sukspecies for
Singapore and Johare the same, more detailed studies need to be conducted to determiae if
project to increase genetic variability feasible

2.2.6 Threats tobiodiversity

The majority of the threatsfacing biodiversity in Singapohave been highlighted in the"4Naional
Report An update of some of these issues is presented below.

Modification to waterbodies
{ Ay 3 L2 NEaadalsof meand thab tRere is a need to maximise taéchmentarea used to

collect wateras one of its water supply sources)d this carlead to loss or changes in habitats due
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to damming up of rivers to form reservoics the canalisation of streams and waterways.2011,

the water catchment arewasincreased from halftotwal KA NRa 2F { Ay 3l LR NBQa f I
completion of theMarina, Punggol and Serangoon reservoirs (FA0B5).This haded to significant

changes in the species compositions at the mouth of the rivers that had been danwiéch

changed froma marineto afreshwaterhabitat (Ng & Tan, 2013).

Land reclamation:

hyS 2F {Ay3lFLR2NBEQa | S &as ademdlracl&iA farf Iromithé suoukdng G A y 3  a
waters off the mainlandbut sedimentation and water clarity issuegy have some impact on the

marine and intertidal biodiversityChou, 2006; Huang et a009) Environmental Monitoring and
Management Plans (EMMP) have been implemented in order to address these impacts.

Shipping

{AYy3lILERNBE KFra 2yS 2F (G(KS ¢g2NI RQa o0dzAaASad LRNIA
{ Ay 3 GwaBbdnestic Produ¢GDP. Every year, Singapore attracts average ofl40,000

vessel callssomeof whichcarry crude oil or related carg&ecognising the potentidbr incidents

leading to oil spills anthe associategbollution, the Maritime and Port Authority of Singare (MPA)

has put in place a comprehensive system to ensure navigational safety in the Straits to minimise
marine incidentgsee section 3.2.1)The number of marine incidents per 1,000 vessel movements in
{AYy3ILIRNBE ¢ GSNE KI @S NBY watefsSadd the2 Singapoye Siak.y 3 | LI2
b2ySGKSt Saas AyOARSyGa GKIdG R2 200dzNJ OF ¥n | FFS O
incident in May 2010 resulted in approximately 2,500 tonnes of light crude spilled, affecting
biodiversityrich areas sch asTanah Merah and Pulau Ukiikwan, 2010; Tan, 2010

Maintaining shipping routesposes other challenges.oTmnaintain the required depth for ships in
shipping fairways and anchorage®PA conducts dredging operatiormn the seabedThe high
volume ofship traffic generates waves thataycause erosion along our shores, particularly those of
the islands located off the southern cod§hong, 2006; Friess et al, 201Rally, there is also the
potential introduction ofinvasive alien species (IA&m the discharge oballast water of shipin
Singaporevaters

Invasivealien specie$lAS)r nonnative species:

' y20KSNIJ L2 4GSy GAl fbiodvirslss woilld b 2he godsild impdat kdnhaative

or alien speciesMost of the nonnative speies here have yet to demonstrate impact to the habitats

and species here, and are hence not considered as invasitree present momen{Yeo and Chia,

2010 based orthe International Union for Conservation of Natuf@JCNIR S F A y Aifivaskg®. 2 F a
Sirgapore ignonitoring various introduced species that are considered potential invasive species. In
addition, inputs from academics and nature interest groups have highlighted some otheratiove

species that have recently come to light as having estaddigpopulations in Singapore, and should

be monitored for invasive behaviours as well. The following cases of potential invasive species were
highlightedby the research/natureommunity.

L/ b RBvadiv¥ Spaciésas ta species that has been introduced to an environment where it is non
native, or alien, and whose introduction causes environmental or econalaimage or harm to human
KSFtaKé
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- An exotic plant originally brought in to Singapore as an ornameptaht, Costus
lucanusianushas been found orthe fringes of Nature Reservedarge patchesof about
100m? in size were observed in Dairy Farm NatBegkand Hindhede Bture Park, adjacent
to BTNRLeong~ { 2 Ny A 6.2 @t T HAMO

- The ant associated pionedCecropia pachystachyaas been observed spreading rapidly in
some areas around our forests. This species has the potential to outcompete other native
species occupying similar ecological niches, ssthacaranga gigantegLok et al., 2010)

- At leastfive species of introduced parrots, includingacatua goffinianaand Psittacula
alexandrj have established breeding populations in Singapore, originatiog fthe pet
trade. They might introduce competdn for holenests with native holeesters, such as
Dinopium javanensand Eurystomus orientalifNeo,2012). In addition, populations of the
rainbow lorikeet, Trichoglossus haematodubave increased significantly over the l&ise
years(Low, B. W., 28, pers. comm. 29 July)

- A potentially invasivdrog, D Ny i K S Nd@ld@rana gu@hfeFithat was initiallyfound inthe
western parts of Singaporgeong and Lim, 201)as since been reported in various other
parts of the country (Low, B. W., 2015, pecomm. 29 July).

- The nonnative brown anole(Norops sagrg¢iwas found in the vicinity of Gardens by the Bay,
and may possibly compete with native lizards (Tan and Lim, 2Ub2ye have also been
some sightings of this animal outside of this area siate 2014 (Low, B. W., 2015, pers.
comm. 29 July).

- An invasive marine gobyyongeichthys virgatulysvas found in local waters and caul
potentially compete with thenative Y.caninug(Jaafay Z, 2013,pers. comm17 Oc}.

- Populations of a native apple sh#ila scutatahave decreased in recent decades and could
potentially have been caused by the introdud@dmacea canaliculat@lan, Leé& Ng, 2013)

Onepotential route of introduction of nonnative speciess therelease of animals imported for food

or pets, either as mercy releases or unwanted peParks conductngoing exercisa in

collaboration with schools and volunteers to patrol likely areas of animal release to prevent and
educate members of the public that might be trying to release aninfal® T+ NE & h LIS NI & A
wStSIFaS¢ KIFa 0SSy ljdzaAdS &adz00Saafdz > NBRddzOAYy3d (K.
ten cases in 2009 to no cases reported in 20MHe public arénformed of the potential impact to

native species and habitats that caa brought about througlincursions bynvasivespecies, and of

the very low likelihood of survival for any animals that are released, defeating the purpose and

intent of releasing them in the first place.

Another area of concern for Singapore is the receonfirmation that a fungus implicated in the
decline of amphibian populations worldwide has been found in local frog populations. The chytrid
fungus, Batrachochytrium dendrobatigBd> A & GK2dzaKGO (2 KI @S 0SSy Ay
amphibian population via the import of frogs for food (Seow, 2011). Frogs that are sold for
consumption locally were found to carry the fungus, and conditions in the tanks that the imported
frogs are kept are ideal for transmission. Taken in combination with cthramon practice of
purchasing animals famercy release, thisrepresents a potential transmission pathwayto local
amphibian populationsThe disease has also been confirmed in wild frog populations but it was not
confirmed if the strains were endemic in Singaporerdroduced. Following the report, Singapore
has initiated a surveillance programme for imported frogs. Batches of frogs detectedBdithll

have to be culled or harvested immediately to minimise the risk of transmission to local frog
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populations. Impaters are also advised not to import frogs from the same suppkdthough there

have been no reported cases of amphibian population declines or mass mortalities attributed to the
fungus, the possibility that the disease might subsequently impact natog $pecies cannot be
discounted.However, further studies are required to better understand the disease epidemiology
andBdstrains in both wild and imported frog populations.

Harmfulalgalblooms

There have been some occurrences of harmful algal blogt#dB)in the waters off Singapore in
recent years which may have potential impact on marine biodivensitipecember 2009, one of the

first cases of massive fish deaths dueatdlABincidentwas reported, killing 200,000 fish from fish
farms along theStraits of Johor which is also predominantly utilised for fish farmihg.February

2014, another massive fish kill associated with a HAB event was obsanddabth farmed fish and

wild fish were affected (Leongndated. Some examples of marine wildlifeat were affected were
frogfish, horseshoe crabs and pufferfish that were found washed up on nearby shores (Siau, 2015).
Global climate change may have the effetincreasing the frequencyf HAB incidents, along with
eutrophication events and high lelgeof sediments in the watetn order to better understand this
phenomenon in the local context, the Tropical Marine Science Institute (TMSI) is currently carrying
out studies that would helpsto better understand the root causes and hopefulguce tre impact

of HABs in the future (Khew, 2015).

Humanwildlife conflict;

Rapid urbanisatiomnd development near natural areass brought humans and animafgo ever
closer proximity. This has led to a wide array of humaiidlife conflicts in Singapore iolving
Eurasian wild piggSus scrofp Javan mynas (Acridotheres javanicdis common palm civets
(Paradoxurus hermaphrodis), snakes €.g. Python reticulatis) and most extensivelylongtailed
macaques Nlacaca fascicular)s Longtailed macaques are nagvto Southeast Asia, where they
arguably contribute to most of the humawildlife conflicts(Gumert, 2011)

Complaints about lontpiled macaques in Singapore date back to the 1970s whemoap of
aggressivemacaques wagemoved from the Singapore Botani@ardens (Anon, 2010More
recently, complaints from the publitave escalated to nearly 1000 in the year 2012 as reported by
the AgriFood & Veterinary Authority of Singapore (AVA) (Feng, 2013). One of the main reasons for
the conflict is that the macaas adaptto and benefit from living in human environments.
Intentional or unintentional food provisioning is one of the major drivers for the conflict
constituting twothirds of the interactions (Sha et al.,, 2009a). The majority of public complaints
came from residents living near Nature Reserves, parklands and forested areas and the natural
preference for the racaques to live in forest edgesly escalates the conflict situatidi$ha et al.,
2009b) The nature of conflicts mainly include macaques entehagan premises, raiding rubbish
bins, approaching or following people for food handouts and snatching food from people.

The root of the increase in conflicts lies not just with human encroachment onto what was
previously animal habitat, but also from himy NB I OdA2ya Ay GKSAS AyiSNI O
to the problem has been to attempt to modify the human behaviour aspect, dred existing
management practicesinclude enforcement against feeders, educational programmes and
maintaining macaque prdenvironments whichhave been effective in reducing the conflict levels.
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Advisories focussing on best environmental, housekeeping practices and appropriate behaviour
around macaques are distributed to residents living in macaque interface zones antkteigitors

(Lee & Chan, 2011)n the longer term, cllaborative effort fromall stakeholders is important in
conflict management and conservation of this species in Singapore.
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CHAPTER 3
't 51 ¢9{ hb {LbD!thw9Q{ Db! ¢Lhb! [IONPLANSL+9w{LGC,

3.1 { AV 3l L2 NBQa ebsity Sthaegy bnid Actich P1&A 2009

In 2009, Singapore developed a National Biodiversity Strategy and ActioNBI8AJPthat outlines
the key principles andoals forSingaporan conserving and managing biodisgy. The three goals
mirror those of the Convention on Biological DiversitBD, and are thus representative of
{ Ay 3| tdnNiEnenito the implementation of the ConventiomheNBSARilso listsfive broad
strategies, as well as various actions thaiuld be carried outunder each strategy to accomplish
these goals

In line with the recommendation toeview the NBSARevery five years, inlate 2014 Sngapore
embarked ona review of the2009 NBSAP in light of th€BDStrategic Plan for BiodiversiB011-

2020 and the Aichi Biodiversity Targets. Primaritllis review intends to develop national targets

that are aligned wittrelevantAichi BiodiversityTargetsto be incorporated into the NBSAP. At the

same time, Singapore intends to track progress inegdhg these national targets usinglevant
AYRAOFG2NA FNRY (GKS {Ay3aFILRNB LYRSE 2y /AdGASaQ

NParks is also developing a Nature Conservation Master Plan (NCMP) that will support the
implementation of the NBSAPThe NCMHurther outlinesS\ y 31 LI2 NEQa 0A2RAJBSNEA (
approaches which will comprise of four thrusts

1. Physicallhrust
2. ProgrammaticThrust
a. Habitat Enhancement
b. Species Recovery
c. Human/Wildlife Management
3. ResearciThrust
4. Community Stewardshiphrust

3.2 Implementation of Singg LJ2 NEQa b . { !t

{ Ay 3 LSBSWPQEGDY) features five strategies that Singapore executes in biodiversity
conservation and wnder each strategy, specific actions are outlined and further implemented in the
form of activities carried out under each action

Strategy 1: Safeguard our biodiversity
Actions:
1 Implement species conservation and recovery programmes
1 Rehabilitate areas that have previously been degraded
1 Extend green corridors to counter fragmentation
1

Utilise parks for esitu conservation and to hoesor recreate ecosystems that have been
lost
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Strategy 2Consider diversityissuesn policy and decisiomaking

Actions:

1 Incorporate biodiversity conservation considerations, including integrated coastal
management principles, into existing admimétve processes

1 Enhance biodiversity assessment capabilities

9 Strengthen the current processes on access and benefit sharing, to ensure that biodiversity
O2yaSNBIGA2Yy Ada O2yAARSNBR ¢gKSy 3ANIylGAy3d | OO

Strategy3: Improve knowledge of our biodiversity and the natural environment

Actions:

1 Encourage and facilitate research, in particular on ecosystem and sypeesic
biodiversity conservation, the interactions between the biological components and their
physical avironment, biodiversity valuation studies and the impact of climate change on
biodiversity

1 Monitor the health of ecosystems and species as part of the management process

1 Develop and maintain a central information portal on biodiversity to facilitate more
informed decisiormaking

9 Maintain a list of species with their conservation status (red data list)

1 Compile case studies on and assess best practices that have been implemented

Strategy 4Enhance education and public awareness

Actions:

1 Increase appreciatip awareness and understanding of Singaporeans for nature through
public seminars, road shows and events

1 Promote volunteerism through biodiversity interest groups

91 Incorporate elements of biodiversity conservation into the curricula of all levels of edncati

Strategy 5Strengthen partnerships with all stakeholders and promote international cooperation

Actions:

1 Encourage active participation in the stewardship of the environment for all sectors

1 Promote partnerships with regional and international organisadi, in particular the ASEAN
Centre for Biodiversity and the Secretariat of the Convention on Biological Diversity, as an
indication of our commitment to biodiversity conservation at the global level

3.2.1 Strategy 1: Safeguard our biodiversity

Speciegsonservation and recovery programmes

There have been various ongoing effoiisrecent yeardo restore habitats and rintroduce species

lost from particular habitats by academic institutions suchttasNational University of Singapore
(NUS, Nanyang Tdmological University (NTW@nd TMSlas well as NPark©ne examplef these
projectswas the reintroduction of giant clamsT¢idacha gigasand T. squamosaNeo, M. L., pers.
comm. 23 Oct 2013) to local watefSiant clams in Singapore were once abundamt diverse, with

five recorded specieddippopus hippopysTridacna croceal. gigas T. maximaand T. squamosa
Since the 1960sT. gigasand H. hippopushave been locallextinct and theae are relativelyfew
remainingT. croceaT. maximaand T. squamosaThe restocking programme was initiated @ is
uncertain if the few remaining giant clams are capable of regenerating substantial healthy
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populations. The programme started in May 2011, using existingquamosdroodstockand new
specimens imported fothe project. The firsbatch of new clams was produceat the giant clam
hatchery atTMSI2 y  { 1 W2 K ¥¢ddyi 2012 RdsdarfRwas also conducted to increase the
chances of establishing salfistaining populations such as on gamete viability andal behaviour.

In addition the project also aims to reintroducg. gigasi K S & Aartykt Rving bivalve mollusc

This species is a popular choice for mariculture and restocking in the region (e.g. Bolinao,
Philippines) and there should be few tedtal barriers to raising stocks in Singaporee animals

are currently being reared in the hatchery pending the identification of suitable sites for
transplantation.! LJr NIiT FNRY KSfLIAyYy3a (2 NBONBIFGS {Ay3l LI2NB
spectacula size, giant clambave the potential to stimulate public interest in the marine life found
FNRdzy R {Ay3lILRNBEQa O2lFaifAySo

Another notable effort in this area was the initiation ostudy a the critically endangered endemic
Singaporefreshwater crab- Johora singaporensisith the intention of implementing a detailed
conservation plan for the speciefirst discovered and described in 1986, ttrab is listed as

Critically Endangered in the IUCN Red List of Threatened Spaotbss among the 100 most

threatened species in the worldcourorganisations areénvolvedin the effort: NParks, NUS, IUCN,

and Wildlife Reserves Singapore (WRSJY ke stakeholdersncludethe Nature SocietySingaporg

(NSS)and other government agenciesCurrent conservatiorefforts include plans to establish a

breeding programme, as well as an ongoing year collaborativeresearch project launched in

HAMo 0@ btFNJl& FYR b!{ G2 aidzRé GKS O2yRAUGAZ2YA *
actions.These crabs wdd subsequently be reintroducddto restored, rehabilitated streams

Rare native plants are also propagated for reintroduction to suitable habitats. Since 2010, the
following plants have been propagated for reintroduction to varigasks and Nature Rexves

(Leong~ 1 2Ny A 6120t WS LISNED® O2YYDP mn hOdG HamoT || 3

Table 3 List of plant species propated since 2010

Plant species
Aeschynanthus albidus Cissus repens Hornstedtia leonurus
Adenia macrophyllgar. singapoeana | Donax canniformis Hornstedtia scyphifera
Alpinia aquatica Elettariopsis latiflora Intsia bijuga
Amomum xanthophlebium Etlingera maingayi Stachyphrynium latifolium
Centotheca lappacea Fagraea auriculata Stachyphrynium sumatranum
Cheilocostus globaos Hornstedtia conica Zingiber puberulum

One noteworthy ongoing project is the conservation, propagation and reintroduction of the native
orchids of Singapore. Since 1995, more than 10,000 plants from 18 orchid species have been
reintroduced successfullgt more than 20 locations in Singapore suchpasks Nature Areas and
roadside trees (Yam, T. W., pers. comm. 8 Oct 2013). These ohth@a occasionallygiving
character, colour and variety to the streetscape planting.
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Improving habitat connectity

There have been several initiatives that are being implemented with the intention of improving
habitat connectivity in the medium to long terrm the 2011 National Day Rally speegh y 3 L}2 NB Q&
Prime Minister, Mr Lee Hsien Loong, highlighted theowigd transform Singapore into a City in a

Garden (CIAG, see section 3.2.2 bglowhichincludescreating ecological connections between
urbangreen areasuch aparkswith Nature Reserves (MND, 2011). As pathef CIAGrision green

spaces such as Nat Areas angbarkswill alsobe enhancedo provide a lush living environmefar
Singaporeans

One initiative announced in 2012 washé¢ Round Island Route (RIRyhichis a 150km long
recreational and green corridor that runs around testire island d Singapore. It will link ugvith
sections ofthe Park Connector NetworkPCN and will feature an ecediscovery trail (Toh, 2012).

The PCN(highlighted in the % National Report)RIRand Rail Corridor (please see section below)
improve connectivity betwen parksand complements our network of parks to achieve the gwal
having apark or green space within 400m (or walking distance) of up to 90% of homes in Singapore
(Urban Redevelopment Authority, UR2013).

Another initiative has been the developmer@ ¥ d b I (G dzNB 2 lin@al greemw dorkidos | NB
along roadsides that have been developed to connect areas of high biodivési#igned based on

the natural structure of forests, these corridors are intended to have similar community strgcture

as natual forests with emergents, a canopy layer, an understorey layer and an undergrowth layer.
These Nature Ways would act as green corridors connecting patches of forest to encourage
movement of animals and gene flow between these patches. For example, tigald &ature Way
project spans 13 km and connects the Bukit Timah Nature Reserve to the Western Catchment forest
(Ministry of the Environment and Water Resourc84EWRand MND, 2014). Various small patches

of forestand parksexist between these two larggratches, and the Tengah Nature Way will link
theseup through smaller gardens planted along its lengtfith butterfly and bird attracting plants.
Numerous community groups have been involved in this initiative and this wenlfchncethe
sustainability of his effort as well as prometits success as an ecological corridor. Schools are also
engaged to document the diversity of animals that are seen using the Nature Ways, which has the
added benefit of exposing younger children to nature as well. Iskeidd, there will be a total of 60

km of Nature Ways by 2015.

EcoLink@BKE

One of the major efforts that have taken place in recent years to improve biodiversity conservation
was the Ecd.ink@BKEBbridge that served to connect two Nature Reserves, the BukiafiiNature
Reserve(BTNR)and the Central Catchment Nature Resei@&CNR)which harbour the richest
RAGSNBAGE 27F { A Maticdal REpOrto thd @BRSP#EH ® 19833 tBeStworNature
Reserves were contiguous, but that year marked thetstd construction of the Bukit Timah
ExpresswayBKE}hat ran in between the two reserves, effectively cutting them off from each other.
In 2011, construction began on the Homk@BKE rehourglassshaped overhead ecological corridor

50 m wide at its narowest point and this was completed in 2013 at a total cost of S$17 million.
Native plants have been plantash the bridge to encourage its use by the fauna on either side
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Public access will beninimisedfor the initial few years taeduce thedisturbarce and assess its
effectiveness as a wildlife corridor andrestoration of gene flow between the two sites. Monitoring
programmes that began prior to the construction of the Ecmk willenable us to comparéd there

have been changes in the communit@s either side. It is hoped that eventually animals such as the
bandedleaf monkey that were once found in Bukit Timah Nature Reserve will cross tHarkco

take advantage of the habitats on that sid&part from physical crossings, the Hdok wouldalso
assist withthe exchange of genetic materials between the two Nature Reserves, particularly for
some rare native plants such as the Singapore durumri¢ singaporensjsand the Singapore
walking stick palmRhapaloblaste singaporenyishich are pdlinated and dispersed by animals.

Figure 1 Bukit Timah Nature Reserve and the Central Catchment Nature Reserve
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Rail Corridar

The Rail Corridor is a 24 km lostgetch ofland that used to be a functioning railway line known as
the Keretapi TanaMelayu (KTM) Railway Line (URA, 20ThE land was previously controlled by
alfle@ail Qa NI Mwasietuthed 20.3Bdapote2 20T aftér duihteral negotiations with
Malaysia.This stretch of land isubsequently known as thHeailCorridor.

Figure2: Route of the Rail Corridor
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The Rail Corridotonnectskey green areas (see tabW) from the north to the south of Singapore
and is a greencorridor with natural vegetation on both sides of the tracksoviding community
space where many red¢nts can enjoy recreational activities.

Table 4 Areas of biodiversity significance along the Rail Corridor (NSS, 2010).

Green areas Significance

Southernsector The southern sector includes the SouthdRidges SingaporeBotanical
GardensOneNorth Park and the UlttandanPark ConnectorTheRail
Corridorlinks all of these places upy intersecting withthe existing
PCN improving movement between the parks. Also, tRail Corridon
currently skirts along the Ayer Rajah Expressway and can be a
cycling route into the city. ThRail Corridothas also been acting as
green buffer to adjacent light factories in the southern sector.

Clementi Woodlands ClementiWoodlandsis an area of significant secondary growth fore
This large patch of greas also intersected by the disused Jurong Lin
Jurong Line The remains of a railway line disused some 20 years ago, the Juror

has developed unique micidimates that have become sanctuaries
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many rare plants such as giant tree ferns. Due te ¢dool and humig
climate in that area, many rare species of ferns and orclinive
there. Rare birds such as tiheffy fish owl and changeable hawk eag
have also been recorded in its woodlands area.

Bukit Timah Nature BTNR is an impt@nt ecological site in Singapore and a popular natf
ReservgBTNR) reserve frequented by both locals and foreigners alike. The railway
runs close toBTNR and BukBatok Nature Parland converting the
railway land into nature trails can help make BTNR more aittess

Kranji / Mandai This coastal strip between the railway line and the seasists of
Mangrove & Mudflats | extensive areas of mangroves and intertidal mudflats, forming a
estuarine system. The site contains one of the best examples of n
mangove stands and is rich in biodiversity.

Given theimportance and heritage of the Rail Corridonany nature interest groups have

encouraged thepreservation of thed ( NB (i O®reehCorridoé Gi2 0O02yySOG 02YYdzy .
natural areas together (NSS,2Z01While we are cognisant that the Rail Corridor presents a unique
opportunity to meet our development needs, we are also aware that many desire to keep this as a

green spacenda respite from the urban environment. We believe that both objectives caméie

Since the return of the land, the government has been actively engaging the public on various
platformsto shape our common aspirations for the Rail Corridor

Restoration, reforestation and enhancement initiatives

Reforestatiorprogrammes at Natwr Reserves

Singapore is constantly seeking tmprove the conditions of the Nature Reservds.t | NJ a Q
reforestation programmeconsists of collecting seeds of native species gnowing them in
nurseries before planting them at sites that have been selbfbe rehabilitation in particular some

of the degraded peripheral habitats

Some mangrove species suchfagcennia albaRhizophora apiculataR. mucronatahave also been
used in replanting schemes at Sungei Buloh Wetland Re¢8B¥R)The plants areropagated
from propagules and grown in the-house nursery before being planted by volunteers at sites
where restoration work is being carried out.

Bukit Timah Nature Reserve closure

9EA&GAY I KIOAGIGa dzy RSNJ bt I NJtared forsigns bf ficgradayon. | NS |
BTNR is well known to Singaporeans as a haven for nature. BTNR is a small.B8dsti( or 0.2%

2F {AYy3FLRNBQa fFYR FINBF0O GgAGKAY Fy dz2NBFYy aSidia.
LINR L2 NI A 2 Yy  atiWe fipra ahdfaubd2(TaB, Q014).yhese include the Singapore freshwater

crab Johora singaporensisee pg 1pwhich is endemic to Singapore and rare native species like the
straw-headed Bulbulfycnonotus zeylanicudHowever, increased visitorship agarly 400,000 users

annually and heavy rainfall have caussmime ofthe walking trails at BTNR to become degraded,

leading to exposed roots which might hinder forest regeneratidboung saplings are also damaged
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through tramplingbefore they can establisthemselves. Alscas some park users dotkeep to the

designated pathspew tracks have been formed in some parts of this pristine forest, leading to

greater fragmentation of the habitat (See & Lin, 2014). Thus, a decision was made to fully close BTNR

to the publicfor sixmonthsfrom September 2014 in order to undertalsbope stabilisation works,

and partial closure ovethe subsequentwo yearsfor the construction of boardwalks and railings,

dzLJANI RAY 3 2F (GKS @A aiil2NDBEe dbSuyeiviNBlow sgnie tirgefok tBeNJ NI & (
biodiversity of the Nature Reserve to recover from any impact from visitors.

Figure3: Bukit Timah Nature Reserve
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BisharAng Mo Kio Parkver rehabilitation

One of the most successfakamples of habitat relabilitation was in the redevelopment of Bishan

Ang Mo Kio Park, which originally had a concrete canal that ran its entire leAgtoint
O2tftFo62NXdA2y 0SisSSy t! . O{Ay3IlILRNBEQa ylaA2ylf
redeveloped under theActive, Beautifl, Clean(ABC)Waters Programme intaa meandering
naturalised river that is integrated with the pankjth the use of natural materials to shore up the

river bank. The efforts have paid off, with a large variety of native birds spottiithgithe river and

occasional ottes travellingupstreaminto the park, which is located quite deépland.

ABC Waters design feature®omprising only plants and planting medidave also been
incorporated into thedesignto maintain the water qualityin the ponds and the river naturally,
without the use of chemicals. An example is the cleansing biotope, which consists of carefully
selected plants to filter and absorb pollutants. Located upstream in the park, the water is also
recycled for use in the viar playgroundafter it undergoes UV treatment The park has also been
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developed to encourage the public to interact with the naturalisieer and to get closer to nature
and the river and he landscape surrounding the river is designed to accommodeteases in

water levels.

Figure4: BisharAng Mo Kio Park
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Tampines Eco Greean ecofriendly park,was opened in 2011. The $3 million, 2.5 erk was
established incorporating various habitats such as secondary forest, marshéamt freshwater
ponds, with much of the original habitats and vegetation being retained in its development (Huang,
2011).Ecofriendly measures and features were implemeniedhe development of thipark, such

as using grass for the footpaths rather theoncrete. Dead treesere also retained within thepark,

as these serve as perches or nesting sites for birds such as woodpeckers. Wood collected from

bt N]aQ LINHzyAy3d 2LISNI A2y A

I YR

20KSNJ K2 NI A Odz G dz

bendhes and bird hides along the trail§ampines Eco Greealso boasts a viewing platform,
vegetated swales (natural drainage system that traps particulate pollutants), green roofs on all the
rest shelters andvashrooms and the firstever flushfree public €o-toilet. In order to increase the
diversity of animals, wer 200 butterfly attracting plantsvere planted with the help of volunteers.
Tampines Eco Green will potentially serve as a model for future recreational parks, leaving

ecosystems as intact as psilsle while remaining enjoyable for visitors to thark
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Figure5: Tampines Eco Green
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Sungei Pandan project

In 2010, the Sungei Pandan corridor project was laundyeNSSvith the aim of creating wildlife
corridor along the Pandan rivehrough the enhancement or expansion ekisting patches of
woodland, mangroves and riverine habitats. The Southwest Community Development Council
(SWCD®@ne Million Tree Planting Programmegetherwith various NSS Special Interest Groups,
PUB and NParksatie beenmaking efforts to plantative plants that will support local bird and
butterfly populationsalong the Sungei Pandan corridor. This project aims to be an ongoing project
with monitoring surveyshat will hopefully help to guidéuture projects inother parts of Singapore
(NSSundated.

Other efforts on safequarding biodiversity

Sister€lsland Marine Park

{ Ay 3l fidg NBieParkSy O2Y LI adAy3d {Aal0SNERQ LaftlryRa FyR 0
FYR { 0@ weadsathduncedading tieRBestival of BiodiversifFOB)in July 2014 The
establishment of thigl0haparkg A £ £ KSf LJ LINRPGSOG + @GFNARSGe 2F {A
coral reefs, sandy shores and seagrass meadows, which are inhabited by various rare and
endangeredspecies of marine life. The A & (i S NEMariné Bafkis sidhaged by NParks, and

involvad several NGOs, universities, schools and other marine nainterest groups in its
establishment It will also help serve multiple roles and functions, particylanitreach, education,
conservation and researcihe marine parkwill give Singaporeans a firdtand experience of our
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rich coastal and marine biodiversity through guided tours and volunteer programmes. Educational
programmes such as talks and remote ntoring programmes for schools will also be provided for
interested parties to learn more about marine life. Conservation and research will tie in together
GAGK AY RSLIGK &ddddzRASA FyR NB3IdzZ I NJprovadyidistientiid y 3 2 F
data which will facilitate the implementation of habitat enhancement activities. Restoration
activities such as nurseries fooigc marine organissiare also in place, such as the reintroduction

of giant clams (seeg 15. In 2014 when some lagoons offulau Semakau landfill were closed to
accommodate future dndfill needs,coralsfrom the lagoonswere salvaged and transplanted to

{ A & S NH&visere thaytade yol &hriving
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Ubin Project:

Pulau Ubin is thee®nd largest island off mainland Singapore, coverdif@R0 hain total (Tan, 2003)

YR GKS AaflyR Aa 6KSNB [/ KS{T WHgl ¢SitryR Aada Tz
Jawais the largest natural intertidal flat in northern Singapore and housemymdifferent

biodiversity rich habitats including a coastal forest, mangroves, rocky shores, sandy shores, seagrass
lagoons ancatoral rubble areas.
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Figure7: Pulau Ubin
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Recognising the importance of protecting the biodiversity at Pulau Ubin, thegmeat started the
Ubin Project in 2014 to consult citizens on waygdtain the rustic and natural character of the
island for future generations to experiencéhe Friends of UbiNetwork (FUN) was set up guide
the project The members of FUN includecicanthropologists, studentsUbin community leaders,
residents,and volunteers from various heritage and nature groupbse public expressed and
discussed their myriad views for Pulau Ubdimrough various platforms such asvorkshops
symposiumsexhihtions and an online portalThe ideas generated from the consultation are being
implemented with multiagency participation.

Table5: Projects generated frorthe Ubin project (MND, 2015)

No. | Programme Details

1 Ubin Living Lab An integrated facility fo field studies, educatior
research and community outreacfihe current plan ig
to converta former resortsite to house the facilities.

2 Species recovery programmes - Bats

The programme aims tacreasethe diversity of bats
and bring back uncommon speies such as ash
roundleaf bas (Hipposideros cineraceusand lessel
false vampire bat (Megaderma spasniathrough the
installation of bat housesr roosts

- Birds

Birds such ased-wattled lapwing (Vanellus indicys
baya weaves (Ploceus philippingsand bluethroated
bee-eaters (Merops viridighave beerdentified for the
species recovery programe. Baseline Informatiorn
gathering has commenced in December 2014
prototype set ups are being developed.
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3 Habitat enhancement - Floating wetland prottype at Pekan Quarry.

To enhancehe heron habitat, floating wetlands will b
installed to provide nesting and roosting sites.
prototype of the floating wetland will be installed K
end 2015

- Mangrove restoration

The Restore Ubin Mangroves (RUM) growpll be
piloting a restoration project at the soutkastern part
of Pulau Ubin. RUM is a groung initiative supported
by NParks.

4 Cultural mapping and heritage NParks has commissioned a book on the cultural
natural heritage of Pulau Uhimnd launbed the Ubin
Oral History Project that will record personal |

KAadi2NASE YR SELSNASY

present, culminating in a documentary to be producs

5 Design Guidelines for A set of design guidelines rfeestoring or rebuilding
Restoring/Rebuilding on Pulau buildings and structures on the islandll be worked

Ubin out together with stakeholdersThis is so as to retai

the rustic quality and heritage of Pulau Ubin a
ensurethe safetyof the inhabitants

Oil spill impact mitigation

One aspect of safeguarding biodiversity is the ability to mitigate impacts of events with the potential

G2 KIFENY (GKS SY@ANRYYSyldo !'a YSYdAz2ySR Ay GKS &S
section 2.2.6), oil spills are a concern when it congeprotecting biodiversity in close proximity to

major ports and busy sea landglPA works closely witiNParksand other relevantgovernment

agencies to prevent, or minimise the effects of oil spills by containing and clearing the spilled oil in

an environnentallysafe and expedient manner. MPA, in consultation with the relevant
stakeholders, has developed the Marine Emergency Action Procedure (NMtEA&3l with oil and

chemical spills as well as other marine incideriihie MEAP contains detailed procedumsssd

establishes clear channels of authority so that MPA can tap on a large pool of resources and
expertise quickly in the event of aimcident Theseresponseplans are tested and sharpened

through cross agency exercises such asaheual Joint Oil SpilExercise (JOSE). Apart from this
overarching response plan, agencies such as NParks have drawn -8spesiific oil spill response

plans and measures, for example, the deployment of oil booms. The Singap@mment also

invests in technology to prevemnd mitigate oil spills. For example, NPaaksl NUShave jointly

developed an oikpill motion predictionresource with a focus on sites of high biodiversity, to allow

managers on the ground to react expediently to spllsKk SNBE o & O2 Y LI SivsSaeioih y3 at !
spill modelling capabilities.

NParks engages with thmajor oil companiestheir response vendors, and academia regularly to
highlight the areas of concern wasvis oil spills in Singapore. NParks also invohagure interest
groups in posspill activities, such as reconnaissance and surveys.
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3.2.2 Strategy2: Consider lodiversity issuesin policy and decisiormaking

City in a Garden vision

The National Day Rally is an annual speech given by the Prime Minister of Singaporelthas out
the key challenges and directions for the country in the upcoming year, and provides a sense of the
priorities of the government at the highest level. At the 2011 National Day Rally, the Prime Minister,
Mr Lee Hsien Loongjghlighted{ A y' 3 I LJ% Bayéparksih &ll parts of the country and then

link them up to turn Singapore into a City in a Gardey’ 2 MFk&plBinapore special and
exceptionat. NParks is a statutory board whose primary purpose is to maintain and enhance the
greenery in Bigapore.Within NParks, the detailed implementation of making Singapore a City in a
Garden $ carried out through si¥ S& | NS a3z 2 yirRhing Biodiefsity kour irban a S
environment @

{ AV 3| LiadNgePlanning

MND released dand Use Pl&a 6ab53 Hnanmo0O ¢KAOK | NIAOdZ F iSR @I N
jdzt t AGe fAGAY3I SY@G@ANBYYSY(d F2NJ [ttt {Ay3alrLRNBIY
Singapore can maintain its City in a Garden vision. The Land Use Plan was then trangated int
detailed plans in the URA Master Plan 2014 (URA, 2014).

URAA & { A yland ug2 pl&utng and conservation authoritgsked to develop medium to long
term plans for thesustainabledevelopment of SingapofeURA recentlpublishedtheir most recent
Master Plan in 2014, having conducted a land csesultation exercise in 201&nd incorporating
ab5Qa& HnmMo [ RetrRatidn @eytfobuof/the 2014 Master Planwhich has a heavy
emphasis onsafeguarding and enhancingature and biodiversityFor example,some of the
strategies adopted include the creation e€ological corridorsand the enhancement of existing
natural areagURA, 2014)

LY FRRAGAZ2Y (2 GKS n Dbl GddzNB wSasSNwSa GKFG FNB f
(20B), URAalso recognises anothdr8 areas with significant biodiversity termed Nature Areas in

the Parks and Waterbodies Planitsf 2003 Master Plan for SingaporédURA, 2003)On 31 January
2013,MNDannounced the addition of two more Nature Areas, Jalam@&la; and Pulau Unum and
Beting Bronok in ittand Use Pla(MND, 2013 Beting Bronok is a submerged reef on the northern
coast of Singapore that gets exposed during low spring tides that has significant marine biodiversity,
partially due to its proximit to military training areas which restricts access to the area. To the east

of Beting Bronok is Pulau Unum, a small island that has a relatively healthy mangrove habitat with
two species of locallgndangered mangrove plantdalan Gemala has varied haté such as wet
grassland, freshwater marshes, as well as tall secondary woodland and a freshwater reservoir. The
wetland habitats here are home to two species of rare plants and also support the nearby Kranji
Marshes and Sungei Buloh Wetland Reservenmseofecologicaconnectivity.

2wl Q& LY |y ychvgrad inlghe@ted detaili theMENational Report to the CBD.
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This is a significant announcement, given the premium on land area in Singapore, and is a
demonstration of the commitment of thgovernment towards biodiversity conservatioh.is also

the first time thatnew Nature Areadave been demarcated ever since the 2003 Masterpldrese

areas will be protected through administrative measures that require any development near these
areas to undergo consultations that will minimise impact to the habitats or require the conduct of
impact assessments.

Integrated Urban Coastal Management

Singapore adapted the Integrated Coastal Management (ICM) framevdakeloped by the
Partnerships in the Environmental Management for the Seas of East Asia (PEMSEA)ighly

urbanised context Wwere our coastal and marine environment (CME) are closely tied to urban
development. The resulting framework is known as Integrated Urban Coastal Managéaent
AaSOGA2Y odHPpdH 2y {AYy3AlI LR NBQa itisetdlby Sngdpstétl ¢ A G K
sustainablymanage the coastal and marine environment doodiversityin a consultative
manner,whichinvolves stakeholders frotihe government, private and publgectors

IUCM has three objectives: to enhance coordination between all stakeholdecagtal and marine
land use and planning; to conserve sensitive coastal habitats and biodiversity or natural resources
amidst coastal development; and to optimise the use of coastal resources, including coastal space, in
a sustainable manner. To achievese, the IUCM process has four guiding principles:

1. Proactive planning and management

2. Wholeof-Government approach

3. Active partnerships

4. Sciencebased management

Using the IUCM framework, Singapore has integrated marine biodiversity conservation and coastal
resource management into decisionaking processes and into the implementation of national

policies. The adoption and implementation of the IUCM framework has been endorsed by the
Coastal and Marine Environment Policy Committee (CMEPC), amimtisterid committee formed

to provide policy direction for CME issudtie CMEPC is supported by the Technical Committee on

Coastal and Marine Environment (TCCME), which ishawed by NParks anthe National

Environment AgencyNEA and is the implementing bodfor IUCM. Comprising technical experts

from government agencies as well as academics and researchers in marine environmental sciences,

Al A& NBaLRyaaoftS F2NJ RNAGAYI NBASEFNODK Ay {Ay:
scientific findings for théormulation of effective policies and management solutions.

Sustainable Singapore Blueprint 2015

The Sustainable Singapore Blueprint 2015 (SSB 20152 & 2dzi { Ay 3l LI2NBEQa GAa
more sustainable living environment. The first version BSvas releaseith 2009which detailed

the findings and recommendations tfe Inter-Ministerial Committee on Sustainable Development
(IMCSDsee 4" National Report to the CBDJhe current SSB 20{MEWR and MND, 2014jas

announcedn Nov 2014y the Pime Minister, MrLee Hsien LoongSB 201§oes beyond the scope

of SSB 2009 to take into account future challenges and developments that Singapore will face and
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takesstock of{ A y 3 | adridN@r@rits over the last five yeansreferenceto the targets st out in
the 2009 version of the SS&; presented in the table below.

Table 6 SSB 2018pdateon the progress towards the targets set out in SSB 2009

Key SSR009 targetsand recommendations

Satus in SSR015(figures as of 2013)

 Increase the greepark space by &m?to 42

km? by 2020, and reach a park provision
0.008km? per 1,000 population by 2030

f 40.4 km? of green space have be¢
developed.

Increase the length of park connectors frg
100 km in 2007 to 360 km by 2020

216 km of park connects have been
developed

Introduce 0.3km? of skyrise greenery by 202
and 0.5km? of skyrise greenery by 2030

0.61 km? of skyrise greeneryhad been
implemented, exceeding the target set f
2030.

Open 8.2km? of reservoirs and 9km of
waterways for recgational activities by 202
and have %m?’ of reservoirs and 100 km g

9.59 km® of reservoirs open for
recreational activities, exceeding the targ
set for 2030.

waterways open for recreational activities | § 93 km of waterways open for recreation

2030 activities, exceeding the target set fq
2020.

Implement a National Biodiversity Strate(  NBSAP has beémplemented, and is bein

and Action Plan to research, document a
conserve biodiversity in Singapore.

reviewed.

Develop a City Biodiversity Index ithv
international partners to promote biodiversit
conservation efforts among cities globally.

The Singapore Index has been develoj
and iscurrently in use (see sectichl and
Annex Q.
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The SSB 2015 also setw targets for the various sectors thabmtribute to sustainability, to be
achievedby 2030. The following targets are the ones most relevant to greenery and biodiversity

Table7: SSB 2030 targets on greenery and biodiversity.

SSB 2015 Targets for Green and Blue Spaces
Indicator 2013 Levels | Tagets for 2030
1 Amount of skyrise greenery 61 ha 200 ha
2 Amount ofpark space and
waterbodies open taecreational
activities
a) Parks 4,040 ha Park Provision Ratio of
0.008km?/ 1,000 population
b) Waterbodies 959 ha 1,039 ha
3 Length of Park Cometors and
waterways open taecreational
activity
a) ParkConnectors 216 km 400 km
b) Waterbodies 93 km 100 km
4 Length of Nature Ways 21 km 180 km
5 Proportion of households within 10 | 80% 90%
min walk of gpark

Greening of Urban Infrastructar

50 years of Greening:

In 2013, NParks celebrated 50 years since the start of efforts to improve the qudifeyarfd make

Singapore distinctive and attractive through greenery (NParks,&0Ch 16 June 1963, A y 3| LJ2 NB Q&
first Prime Minister Mr Lee Kuan Yew planted a Mempat tree at Farrer Circus, signifying the start of
Singapore's greening campaigio commemorate the 30Anniversary, Mr Leplanted arain tree at

Holland Village Parlon 16 June 2013 (NParks, 2013b). Mr Lee was largely cordgiderbe

responsible for the campaign to green Singapore, and continued to oversee greening efforts
throughout the years since its inception through the Garden City Action Committee (GCAC) that was

set up by him in 1970The GCAC was taskeddwersee polies for greening the whole island and
coordinates the activities of the various government agencieghis respectOver the years, these

efforts have evolved from the original focus of just providing greenery ishddd to incorporating

greenery and natre throughout Singapore and the associated shift from the vision of Singapore

being a Garden City to becoming a City in a Garden (CIAG, see section above). As part of the CIAG
AYLE SYSy Gl dA2ys GKS 3INBSYyAy3d 2F {toynare bAuNB Q&  dzN.
plantings, such as thBature Ways (see section 3.2.1) and there is a greater emphasis on planting
insect or bird attracting plants.

Theplantingalong thestreets of Singapores being guided bthe Streetscape Greenery Master Plan
(Tee @ al., 2009) whichs a blueprintto optimise available green spaces along the roads for lush,
densely plantedireatments using a wide variety of native specieentributing to our City in a
Garden vision
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3.2.3 Strategy3: Improve knowledge of our biodiersity and the natural environment

Biodiversityresearch andccess and benefit sharifgBS)

NParkshas tried, wherever possible, to facilitate research on local biodiversity and habitats by
coordinating access to these habitats with various landowrdggncies for researcherdParks
collaborates withacademics, schools, amateurs and nature interest groups to obtain information on
native habitats and species. The information obtained from these surveys is consolidated in a central
information portal trat will be elaborated underthe section on biodiversity information
managemenbelow.

Singapore has always encouraged research on native biodiversity and habitats, with the primary
returns consisting ofinformation about the habitat or taxa being studieBor nhorcommercial or
academic research, access to local habitats is administered through the issuing of research permits
by NParks, with the agreement that the researcher should provide all stakeholders with a copy of
the research outcomes.

As local epertise is limited, there is a need for researchers with moreépth expertise to come

and study the local biodiversity. Their access to local habitats is provided on the condition that they
share their findings with Singapore; and where feasilidleconduct training on specific topics to
boost capacity in these areas. Some examples of foreign researchers coming here to conduct field
work and traininginclude the Singapore Mangrove Insect Projg@0122015, where the Royal
Belgian Institute of Naturalc&nces, NUS and NPadanducted surveys of the insects found in local
mangroves and from which at leastn new species were discovered. In 2011, TMSI and the then
Raffles Museum of Biodiversity Resear&fMBR now known as Lee Kong Chian Natural History
Museum orLKCNHMinvited Dr Daphne Fautin to conduct a sea anemone identification workshop
over the course of a week, which greatly boosted the local ability to properly classify these animals.

Singapore iscurrently in the process of developing a framerk for commercial research and
bioprospecting in local habitats that would allow greater investments in this sector.

In addition to facilitating researciNParksalsohas a research plan that forms part of the Nature
Conservation Master Plamder devebpment (NCMP see sectiorB8.1), which outlines the direction
that biodiversity and conservation research in Singapore should take to complement the NCMP.

NParks established ¢hCentre for Urban Greenery and Ecology (CUGEpnjunction with the
SingaporéWorkforce Development Agendyg share and advance expertise on urban greenery and
ecology to the landscape industrgs well as to conduchultidisciplinary research on the greenery

and ecologyof cities.Biodiversity related research include the developmef ecological guidelines

for aquatic systemsenhancing biodiversity irskyrise greenery ecological networks and more
recently 0 KS O2y OSLJG 2F GLI N] LINSAONRLIIAZ2Yyaé HKAOK
health benefits of exposure to naire and greenery In addition to biodiversity research, CUGE
conducts workshops, seminars and talks on topics such as understanding ecological habitats,
ecological designs and urban biodiversity conservation.
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Monitoring ecosystems

Singapore conducts ostant monitoring of the most important habitats and ecosystems found in
the country. Monitoring takes place in the form of both scientific surveys as well as observations by
Rangers or Park Managers who are tasked with managing the Nature Resepagkspas well as
volunteers In addition to this, biodiversity research conducted in local habitats requires a research
permit (see section above, on biodiversity research and ABS in Singapore). Asseattchers from

local institutions are able to provideports and feedback on theondition of the habitats that they

are working on.

Biodiversityinformation management

One of the most basic prerequisites for proper management of habitats and conservation of
biodiversity in any country would be the way which biodiversity information is processed and
applied.NParkshas developed a system to manage biodiversity data that facilitates secherss
decision making on conservation management issues.

Data acquisition

NParks works in partnership with variooature interest groups, research/educational institutions
as well as government agencies to monitor key habitats in Singapore. For exdegtSedsrassis

a group of volunteers thamonitors seagrass habitats atumerous intertidal aregsand another
group, the Blue Water Volunteer@WV) monitor the status of hard coralsnobile invertebrates
and reef fishin local waters Information on species and habitats is also obtained in reports for
research work conducted under the NParks research permit sygsma pg 27) NParks also
collaborateswith research institutiongor various projects and surveys, most notably @kIBSsee
section 2.2, to take stock of our biodiversity and to monitor the health of intertidal habitats and
marine organismsEven membes of the public can submit sighting records for animals that they
have seen, usually in the form of a photograph together with information on where it was sighted
(see section 3.2.4.2)

In addition, NParkslso works with development agenciesin order to collect data for impact
assessmentAs part of the impact assessment, consultants are engaged for biodiversity monitoring
work around Singapore.

Data management

The information is then feihto BIOMEC Biodiversity and Environment Database Syst&Rarks
Flora& Faunaweb and theNParks website to organise, store and maintain these detésallows
systematic organisation and secure storagehaf information whilealsofacilitatingeasy search and
retrieval of relevant informationFor exampleBIOME atiws uses to search for information using
keywordsand incorporates ageographical information systemithin that allows uses to search
basel on locality.NParks Flor& Faunaweb allows users to browse and search for information and
pictures relating taa particular species of flora or fauna.
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Data gplication

The data can be used as a review of existing research informationpackage into posters and
publications for outreach programmes and education. Bameple, NParkbaspublished book®n
our biodiversity such ast 5 NJ- B<0of duf Parks and Gardeénand suppliedthe information for
exhibitssuch aghe Festival of BiodiversitfFOB)and other parphernalia Researchers might also
usethe data for reference and analysis, build their work omiseéng knowledge in the databaser
create new knowledge. We also share our knowledge through public engagement pstéremts,
seminas and exhibitionssuch aF=OB(seesection3.2.4.), BiodiversityResearcl8ymposiumCMBS
exhibitions and many moreMost importantly, the scientific datais usedto make policy and
managementdecisiors. BIOME incorporates tools designed to generate repémsn data which
provide summaries or snapshots of the current state of biodiversity that can be useful to
policymakers.

Such a system of data acquisition, management and application enables us to continue building on
our existingknowledge andnanageour biodiversity and natwa environmentbetter.

3.2.4 Strategy4: Enhance education and public awareness

In Singapre, many different organisations andature interest groups have been conducting
outreach activities targeted ahe community These include guided walks, semmavorkshops,
exhibitions and competitions to engage the public and increase appreciafibiodiversityamong
Singaporeans. Guided walas many natural areasuch asNature Reserves and the Sisie®lands
Marine Parlkare available for both adults and childremget closer to natureThe &emand for tours

is high, especially for the Sistendland Marine Park where the available slots are filled within
minutes ofopening theregistration for tours.

The public can also participate in biodiversiéyated seminars and educational workshops
conducted by NParks or interest groups suchN&S Cicada Tree Eqaace and The Leafmonkey
Workshop among others. One such event is the Biodiversity of Singapore Symposium (BoSS) which
was first started in 2003 and has taken place every four years since. OrganisdédCbiHMand

NParks, the symposium is @p to the public and invites speakers working on various aspects of
biodiversity to showcase their work to the public and hopefully inspire others to go into biodiversity
research or work on conservation.
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Community in Nature

Launched in September 201the Communityin Nature (CIN) initiative is aNParks initiated
Y2@SYSyid G2 Sy3ar3aS RAFTFSNBYyG 3IAINRdzZLIA Ay GKS 02YY
objectives of the initiative are:

1 To connect, educate and inspire diverse communities to agticenserve and celebrate
{AY3IlILIR2NBEQa Yyl GdzNIf KSNAGI 3ISD
9 To nurture and form partnerships to achieve better biodiversity and social outcomes.

/' Lb oNARy3Ia (23S K-&Nkdebehts, &fvitids and Ndgéammey tndedzNSngle
umbrella Theseactivities all havesound science, ecological knowledge and a passion for nature as
their bases. The groups that NParks hopes to engage include educational and research institutions,
private sector companies, NGOs, government agencies, families and @esiafividuals.

A large number of the programmes under CIN rely heavily on volunteer efforts. For examgits
such af=OB(seesection3.2.4.1below) have volunteers as the majority of the exhibitors; scientific
surveys such as thEMBS(see section2.2) and the monitoring conducted by Team$&eass are
almost exclusively conducted by volunteeasd guided walks are also conducted by various teams
of volunteers such as Ecolife by the River Plains.

CIN strives to engage the community at various levietan outreach to individuals who are
unaware of local biodiversity, to participants at events or programmles are keen on contributing
their efforts to local biodiversity. Additionally, CIN engagetunteersnot only to help run the
programmeshut to develop volunteeteaders that wilchampionsuchprogrammes.

3.2.4.1 Eventand Exhibitions

Festival of Biodiversity

The annual Festival of BiodiversififOB)is conducted as a flagship outreach event inaugurated in
HAMH ©0@& { Ay3l L322 NB Reng taNBsiah BnBuAllsignéitérg” @mnduhity outreach
event organised by NParks in collaboration with the Biodiversity Roundtable (a group comprising
local NGOsinvolved in leal biodiversity issuessee section 3.2.5)1for the conservation of
Singapo Q& y I GdzN>F f KSNAGE3ISO

¢tKS CSadAgdrtQa YIFAY FAY A& (G2 02YYdzyAOIF UGS GKS A\
members of the public that are least likely to have contact with it, in a setting that maximises
exposure to the target demographitt brings together government, private sector, academia and

nature interest groups to showcase native biodiversity over the course of one weekend every year.

The twoday event typically involves approximately 100 volunteers from about 40 partner
organisdions comprising nature groups, biodiversity experts, schools, corporate organisations and
I320SNYYSyd 38yOAsSasr SIOK O2y(NRodzaiAy3d G2 GKS C¢

The biodiversity community also takes the opportunity to launch and profile trmir biodiversity
mobile applicationsexhibitions and books to thpublic during the Festival. In addition to exhibits
that highlight the biodiversity that exists locally, various activities are organised throughout the day
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that appeal to different audiefsd ® C2 NJ SEI YLX S5 & i 2 NEsuch bstahinfal | y R
themed face painting or clay workshopse conductedfor the younger visitors, or more serious
biodiversity talks for the other age groups. The Biodiversity Passpith involves paicipants

going on a treasure hunt for informatian various native specigis an activity that might appeal to

slightly older children.

In addition to this, each year at the Festival, NParks puts together and launches an informative and
interactive eK A 0 AUA2Yy o0FaSR 2y GKS OdZNNByid @&SFNRa (KSY!
Diversity to enhance local understanding of biodiversity issues. This educational exhibition is
subsequently showcased at various heartland areas in Singapore to foeéer out and spread the

message to people who might not be familiar with local biodiversity.

Exhibitions:

Exhibitions such as thé¢ C2 NBaGax t S2LJ ST 9y PANRYYSyGé¢ KSER
Gardens highlight the rich biodiversity found in dets, their importance to people, and their

relevance in the Singapore contéxt Ly (GKS &l YS &SINE (GKS SEKAOAI
/| 2yaSNBIFGA2Y YR 5Aia02 @S Mhaliag discgveriesioffidra &da fdain 4 K 2 ¢ (
Singapore over the & 10 years

Nature photography competitions are also popular, like tBity in a Garden photography
competition in 2012 and the BiodiverCity photo competition in 201@&here the winning entries
were showcased in exhibitiorsuch as the Singapore Gardeastival and the Festival of Biodiversity

3.24.2 Programmes
Community in Bloom programme

The NParks Community in Bloom (CIB) programme is a nationwide gardening movement which
began in 2005. Today, CIB has 0880 community gardens engaging moreatt 20,000 garden
enthusiasts and residents. They can be found across the nation; from residential neighbourhoods
and schools to companies, hospitals and organisations, attrapéogleof all backgrounds and ages

from pre-school children to seniocitizers to share a common hobby of gardening and to foster
community spirit

CKAA AYAGAFOGOADS g1 a 02NyS 2dzi I RS&EANB (2 Ayofd
efforts. It was envisioned that through the cultivatiof a gardening culture amontye people,
public and private sectors, a greater sense of ownership of our City in a Garden would emerge.

Today, community gardens also play a vital role of creating green communal spaces for people to
bond with the wider community while connecting tivinature. In addition to sowing edible crops,
gardeners also grow flowering plants and even biodiversity attracting plants. Native birds and
butterflies are becoming an increasingly common sight in the neighbourhoods, and residents are
able to enjoy theights and sounds of nature right at their doorsteps.
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The CIB programme holdd#&nnialaward ceremony tdurther encourage community gardeners to
improve their standards and promote the gardening culture. Notably, environmental quality and
biodiversity 8 one of the three criteria used in the judgirige others are community involvement
and garden quality respectively.

A good example of a biodiversity garden is the CIB garden in Seletar Country Club. Located next to
Lower Seletar Reservoir, the Club btsarich biodiversity: it is home to 89 species of butterflies, 80
species of resident and migratory birds and over 100 species of moths. Some of the butterfly species
sometimes seen in the Club are seldom found elsewhere in Singapore such as the pitistied c
blue, conjoined swift and chocolate albatross.

The CIB garden in Metta Welfare Association is another example of a community garden rich in
biodiversity. Located in the heartlands, the gardeners tend to over 200 species of shrubs and trees
attracting 42 different species of birdsytterflies and other insects.

Greening Schools for Biodiversity

The Greening Schools for Biodiversity programme was launched in July 2013, with 22 schools
participating in the pilot phase. Open to all primary schoség;ondary schools and junior colleges,

the programme involves targeted planting of birButterfly-, and dragonflyattracting plants guided

by results from biodiversity audits conducted by students. Not only are habitats for animals created
in schools, binging students and teachers closer to nature, the resglnetwork also has the
potential to act as linkages for wildlife movement between nature areas.

The programme incorporates a training workshop to give student@preciationof nature in

Singapre andteaches them aboubiological classification. The students then conduct the first
biodiversity audit to gather baseline data, which focusses mainly on flora. Three more audits are
carried out throughout the year, focusing on fauna. Aids such astifition charts and
OA2ZRAGSNEBAGE | LJJA a&adzZJll SYSyid addzRSyidaqQ € SENYAY:
grounds, and on the broader scale, the biodiversity of Singapore.

Another big component of the programme is outreach. Students conceig@graplement outreach
efforts to increase appreciation and raise awareness of biodiversity in their school grounds among
their peers and beyond.

The process of teaching students about biodiversity and having them take ownership of scientific

data through slf-collection is very much in tune with the objectives of citizen science. In time to

come, as more schools join the programme, the collective data obtained will be an invaluable
NBaz2dzNOS Ay fSENYyAYy3 | 062 dziuch{as yeAdsnLdpeNigsQishnesgNid | 'y 6 A
different parts of the island; from the understudied green pockets that schools almost always
encompass.

Other initiativesin schools
The ¢Every Child a Seédprogramme was started in 2013 to enable pupils nationwide to

commemorate50 Years of Greening Singapore. This programme seeks to provide children with an
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opportunity to grow their very own plantand experience the joy of seeing their plants grow.
Through this, it is hoped that the pupils learn that every Singaporean playatainpshaping
Singapore as a City in a Garden. Since 2013, NParks has distributed 40,000 plant starter kits to 200
schoolsannually. Thiias met with strong enthusiasm from school leaders, teachers and students.

The "Special projects to Understand Na&tu{SUN) Club programme, sponsored by Singapore Press
Holdings(SPH) Foundation and initiated b§Parkss a nature appreciation programe launched in

2006 for special needs children. The SUN Club programme2islzy RSR 2y GKS ARSI 2
S @S NE adyafin@ to lbring nature appreciation to special needs students through 4mitate

projectsin nature areas.

Sngapore shools are also participating in the Green Wave, a global biodiversity campaign held
yearly on 22 May. The Green Wawasinitiated by the Secretariat of the CBD (SCB@®gncourage
students and youths to appreciate the value lmbdiversityand the importance of protecting our
natural environment. It is a yearly event held on 22yMo commemoratehe International Day for
Biological versitythrough planting treesin 2013, 186 schools in Singapore participated with 91 of
them participating for the first imeand 254 schools participated 2014

The National University of Singapore (NUS) and the Singapore Technologies Endovagyemh e
(STEPitiated the STEMUS Sunburst Environment Programme in the hopes of nurturing future
leaders in protecting the environment{US 2013). Thisnnual evenbrings together students from
Singapore the Association of Southeast Asian NatiodsSEAN India and China to discuss and
understand environmental issue@ncluding biodiversity conservatiorffom the perspective of

different countries, and share ideas on how to protect the environment. Students will also
participate in workshops and emenmental study visits, including nature walks conducted by NUS

staff atthe Sungei Buloh Wetland ResefBWRandBTNR | & ¢St f | dabdrato@A aA G 0
faciliteson{f G W2 Ky Q& LaflyR®

Civilsocietyefforts:

Numerouscivil society groups sudciis NUS Toddycats!, NSS and \&@iR8ng othershave also been

active in conducting public awareness and outreach programmeSingapore Toddycats!, the
volunteer arm of the Lee Kong Chian Natural History Museum (LKCNHM) has been coordinating
International Coastal Cleanup Singapore (ICCS). This movement collects data while clearing trash
along the coastline of Singapome an annualcoordinated islandvide event For the pastwo

decades, ICCS had an average annual participatiorb00 dolunteers from saols, government
F3SyOASa:E LINAGIGS 2NEHFYyAAlLIGA2ya YR O2NLIR2NIGS
environmental conservation programmes. The clean ups involve an enhanced educational
progranme as facilitators are taught to conduct pateanup biefings and postleanup briefings to

KSt L) @92t dzyiSSNE o0SUGGSNI NBfFGS K2¢g SIFOK LISNE2Y QA
make them more appreciative of unspoiled natunabitats(ICCSyndated.

NSSs the largest NGO concerned with natwenservation in Singapore. It has a membership of

1,500 with numerous swgroups, ncluding those concerned with birds and bird ecology, butterflies,
conservation, education, marine conservation, plants and vertebrates (Khor, 2009). NSS organises
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regulartalks, surveys and walks which are open to the public. Its talks are well attended and cover a
wide range of topicselated tothe biodiversity of Singapore. In 20IMSS engaged with over 2,900
members of the public

Biodiversity interest groups such @sddycats NS$SAnimal Concersi Research & Education Society
(ACRBES Naked Hermit Crabs, Cicada Tree-Blaweand Youth for Ecology ha played important
roles in spreading the word about nature conservation. In 2014, these groups were able to réach ou
to more than 22,000 peopl¢hrough various events, workshops and surve§si, J., 2015ers
comm.29 Apri)

Wildlife Reserves Singapore (WRS) is the holding compasgvefalawardwinning attractions:
Jurong Bird Park, Night Safari, River Safad 8ingapore ZooWRS is dedicated to fostag
conservation and research while educating visitors about animals and their habitats through its WRS
Living Classrooms concept which comprises interactive activities such as enrichment programmes for
schools.With millions of visitors taits attractions each year, WRS hopes to create memorable
wildlife experiences that inspire in their visitadove and respect for nature.

TeamSeaGrass is anothieiodiversity interest groupghat engages the public through hmteer

work. TeamSeaGrassa<ollaboration that started in 2007 betweedParksand theinternational
Seagras®atch, the largest scientific, neaestructive, seagrass assessment and monitoring
programmein the world. TeamSeaGrasgrveys seagrass haltiséaon Singapore shores amdnducts

outreach efforts through public exhibitions. Even though a small team is sufficient to manage the
monitoring, they decided to establish a volunteer base to gham an opportunity to experience

firstK I YR { Ay R2INB2NBIO@ER a®&2 y (i NA didelivérsity(icensefvatioh Jeffdrii2 NS Q &
Currently, TeamSeaGrass has about 200 volunteergégatarly monitor the seagrass Singapore

shores.

Involving volunteers

The NParks volunteer network started in early 1990680 people but has now grown to more
than 1,000 volunteers. Theolunteers can choose from a wide range of activities, including leading
outreach and education programmes, conducting guided walks and tours, and participating in
conservation programmesr surveys, such ake recent Comprehensive Marine Biodiversity Survey
(CMBS).

+2f dzy G SSNJ 2LILI2 NI dzyAGASa FNB | @At of Stheform{ Ay I LX
of helping with daily operationg;onducting researckurveys, fund raisingr outreach efforts. The

Blue Water Volunteers (BWV) is 8lGOthat focusseson marine conservation. It seeks to raise
awareness of local marine habitats and complement research activities. BWV carries out its
volunteerbased work through four main progranes: ReefFriends, ReefWalk, ReefTalk and
ReefExhibits. In ReefFrientisined \lunteer divers conduct surveys while ndivers can help out

in the other three programmeskReefWalk is an intertidal programme to conduct free guided tours
for the public atKusu Islangd ReefTalks are seminars and talks held by marine experts and
conservationist to engage members of the public on marine and biodiversity conservation jssues
ReefExhibits showcases exhibition panels done up by BWV at various event boothiseto ra
awareness on marine issues.
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Toddycats! also offers many avenues for the public to contribute to biodiversity conservation, such

as through ICCSdepg 33, asmuseumaguides, through project management and also supporting

roles for their various progimmes such as nature walks, talks and public exhibitiofssother

example is ACRES, an animal protection organisation that focuses on wildlife trade investigation,
rescue and rehabilitation, education and outreach. Volunteer opportunities are availatadenis of

caring for the rescued animals, carrying out rescues and fund raising. The Jane Goodall Institute
(Singapore) also has its Roots & Shomtsgramme which is a collaboration with schools and
community groupso develop projects to better protectBid | LI2 NS Qa RAalGAy Ol Sy@aN

Other activities:

The Ministry of EducatiofMOE)rolled out the Programme for Active Learning (PAL) in 2011 for
primary schools. As part of this initiative, NParks developed Kids for Nature, a programme for lower
primary £hool students which consists of outdoor activities to cultivatense of ownership for the
environment, and to encourage and provide opportunities for pupils to take action to sustain
Singapore as a City in a Garden. Some 5,600 pupils from 14 schaojsaid in 2013, an increase
from 4,200 in 2011In addition MOE and NParks haveollaborated in various othenature
education programmes  for children of different ages as listedthme following table

Table 8 : Ongoing educational program mes (Teo, 201 1)

Name of Programme | Target age Description

Young Nature Explorers Childrenaged 5 -6 This program me encourages children to use
their five senses to learn more about nature
and is conducted in partnership with the MOE
Preschool Branch.

o
n

HeART for Nature Children aged 4 -7 The program me introduces pupils to different
aspects of rainforest habitats (MOE, 2010)n
Singapore and explores the wonders of nature
through art.

Nature Keepers Children aged 8 -12 This program me ai ms to buil d f
knowledge of our native biodiversity.

Another education initiative, Ecolife by the Rivéains, was launched in 2013 for primary and
secondary students, and it received good respongithin two months of its launch, 700 students
from five schools had taken parin the initiative, which was aimed at encouraging students to
explorethe flora and fauna at Bishaing Mo Kio Park.

NParks islsoworking with MOE to share information on flora and fauna to be included in school
textbooks and assessment bogkscludingfield-based training to encourage teachers to use parks
and gardens for social studies lessons. NParks also participated in about 50 roadshows, exhibitions
and school assembly talks in 2013 to reach out to ntbbam 37,000 students and educators.

In addtion to long-term programmes, students also get the opportunity to learn about biodiversity
through competitions and project grants offered. The Singapore Geospatial Challenge 2013 was
organised by the Singapore Land Authority (ShAgartnership with NP&s to raise awareness of
{AYy3lILIR2NBEQaA NAOK KAAG2NROI ¢ FyR INBSY KSNARGI 3IS
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and Technology (GIST). 350 students from 40 secondary schools and institutions participated. The
Singapore Geospatial Challenge itdhgearly and involves different themes each year to encourage
schools to use GIS® analyse environmental data fromarks Another initiative is theNSS Little

Green Dot student research grant, whidaffers grants for secondary school and pnversity
students to encourage them to learn about the environment through direct study and discovery.

Technological outreach:

With technological advancesew avenues for biodiversity outreach have arisen in the form of social

media In Singapore, there have $e/ Yl y& o6f 23a O2YAy3 dzZL) adzOK Fa
website (http://www.wildsingapore.com) which was created by Ria Tan, a nature enthusiast, to
provide a onestop resource portal for Singaporeans who want to learn more about local nature
areasaR R2 Y2NB F2N) 0KSY® {AyOS Al 6Syli 2ytAyS Ay
800,000 visitorsn total, with 2,000 to 15,000 unigue visitors each month.

In recent years, more Singaporeans are blogging about nature and environmentalassiage set

up websites focussed on nature photography in local habjtatkich can be taken as a sign of
growing awaeness for nature conservation.Blogs such as The Annotated Budak
(http://budak.blogs.com), Nature in &Concrete Junglenftps://ourlittleurbaneden.wordpress.com/

and Psychedelic Natureht{p://psychedelicnature.blogspot.sgy have all greatly nicreased the
profile of local biodiversity in the public eye. Nature photography is another good taldwcase

local biodiversity to large parts of the population that would be unlikely to visit natural areas. The
Nature Photographic Society, Singapisean organisation that features local flora and fauna very
prominently. CIubSNAP is a local photography community that has a forum dedicated to nature
photography fttp://www.clubsnap.con), and some individuals are also very actively involved in
photographing and identifying animals in local habitats such as Nicky Bay
(http://sgmacro.blogspot.sg/. The NParks Facebook page ahwlitter accountare also well read

with 54,000 likes and 10,200 followers respectively. This trend shows that not only are ordinary
Singaporeans taking a deeper interest in our natural heritéggy arealso buildnga community of
people who care about and act on theissues.

NParks has also been collaborating and releasing technological tools to help Singaporeans better
appreciate natureOne of the tools developed specifically to monitor biodiversity isS@&BioAtlas
mobile application,a citizen sciencbased appcationfor everyone to share their sightings local

flora and fauna It uses crowebourced information to map the distribution odbiodiversity
throughout Singapore. All uploaded sightingkich have been verifiedre then plottedon anatlas

in NParkSonline database, BIOMEsee section3.2.3. The application also comes with photo
identification guides on commonly seen fauna such as birds, butterflies, dragonflies and amphibians.

Othermobile applications such as sParks have ldssignedor the public to access information on
local parks, gardens and Nature Reserves. There is alsSitigapore Botanic Gardemsvigator
mobile applicationthat helps visitors tdind their way around thé74 ha grounds and a Healing
Gardenmobile applicationthat allows visitors to have selfjuided toursand providesinformation
and images of plants used as traditional cures and remedies.
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The NParks Flora & Fauna Wesha onestop informationwebsitefor all who are interested in plants
and animals in Singapore, feaitug cultivated and native plants as well as a variety of animal life in
Singapore. The portal is updated regularly with new photos and informagimh as species
conservation statusjto cater to the growing horticultural interest and wildlife awareness i
Singapore.

3.2.5 Strategy 5:Strengthen partnerships with all stakeholders and promote international
collaboration

3.2.5.1 National collaborations
Corporate partnerships:

The Garden City Fund (GCF) is a registered charity managed by NParks. Tloi@&goplatform

for organisations and individuals to be involved in conservation, research, outreach and education
initiatives. Corporate sponsors can contribute and support biodiversity related projects not only
financially but also handsn as voluntees to the projects. Higlighted below are some examples of
biodiversity related corporate partnerships.

The SPH Walk @iantsin the Singapore Botanic Gardeissan elevated boardwalkhat will bring
visitors close to mature trees and new forest emerggmedes that will be planted as part of the

D I NXR Botadic@land conservation collection. Made possible through support from the Singapore
Press HoldingéSPH) it will give visitors an unobstructed view of the forest floor, ffodest level

and canopy. &y attractions that can be enjoyed from this boardwalk include views of the fissured
trunks and fragrant flowers of the giamembusuyand crown shyness of the Kapur.

Visitors to the Southern Ridges can learn more about a special collection of gianbateasto the
region. Named the Sembcorp Forest of Giants in appreciatiothe donation from Sembcorp
Industries, the arboretum a living gallery of trees for education and researishpart of NPark@
initiative to enhance biodiversity within urban eas. The Sembcorp Forest of Giants collection
comprises trees that originally dominated our regional landscape before the advent of urbanisation.
Some of the species selected for the collection can attain heights of ovar iBGthe wild.

The Singing Fest is a birefriendly forest using trees sponsored by STMicroelectrofiies. Singing
Forest project aims to intensify the already high diversity of native bird species in the Southern
Ridges. Care has been taken to select native tree species from foanical families that will
provide a wide variety of suitable food sources as well as shelter and nesting areas for native birds.
When established, the additional planting of suitable tree species will eventually provide an
opportunity for visitors to lear aboutand appreciate the diveity of birds and trees in Singapore.

TheHongkong and Shanghai Banking Corporafit®BThas been a longime supporter of greening
and biodiversity initiatives in Singapore, and has supported numerous projects suck &SBC
¢CNBS ¢2L) 21 f1 Ay GKS //bwxX G4KS ! 0AY FTYR I {./] @2
Scheme, and the Comprehensive Survey of BTNR. HSBC also sponsors the annual National Youth
Achievement Awards (NYAA) Youth Environmental Award, whigs gacognition to youth that

have contributed actively towards environmental protection and nature conservation in Singapore.
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In addition to monetary contribution, HSBC staff volunteers have dedicated their time, immersed in
the forest and marine environnm¢ of Singapore to document and monitor our flora and fauna for
various surveys such as the Climate Change Partnership at GINABS (see section 2.3,
Comprehensive Survey of BTNR, and tree planting activities.

Nature Nurtures is a successful ongoing meeship programme for secondary school students
sponsored by Shell. The programme brings mentors and mentees on a journey of discovery through
nature-based activities. The programme aims to motivate teens to contribute positively to society,
through skils that physically and mentally challenge them, and activities that are based on
confidence and team building in a naflisetting. Students have patrticipated in various activities
such as archery, coastal cleaps, mangrove salvaging and water paramegsting.

Initiated in 2014, the Marine Edmxicity Biomonitoring Programme aims to monitor the levels of
ecotoxicity in the coastal areas in Singapore using physiological, behavioural and DNA tests on
green musselsRerna viridiy and other coastal orgasms. Changes in these parameters over time
will indicate changes to the water conditions, and hopefully serve as a warning system for pollutants
and contamination. This biomonitoring programme is sponsored by Kosé Singapore and done in
partnership with arious schools around Singapore. It is facilitated by trainers from the National
Institute of Education (NIE) and NParks for both lab and field components. Students will thus be able
to participate in active research, learn more about the marine environmienSingapore, and
contribute towards the protection of vulnerable coastal habitats.

Led by NParks, and supported by partners from various tertiary institutions,goearnmental
organisations and individual enthusiasts, tG&1BS(see section 2.2 is spmsored by Asia Pacific
Breweries Singapore, Cafer-Nature Trust Fund, Keppel Care Foundation, Shell Companies in
Singapore and The Air Liquide Group.

The Festival of Biodiversitisee section 3.24.14 & | OSf SoNX GA2Yy 2F (G(KS O:

consNIIS {Ay3IFLRNBQA Yyl GdzNFf KSNAGFIAST G2 SRdzOFGS
proactive in conservingiodiversity.Sponsors included Kingsmen, VivoCity, IKEA and Toshiba.

Over the years, Garden City Fund and NParks have also received stramingesupport from

various companies, such as Ricoh Asia Pacific, Shimizu Corporation, the Association of Banks in
Singapore (ABSAnd Panasonic Asia Pacific (Panasonic) in support of biodiversity initiatives such as
tree planting efforts. Panasonic alseorked with NParks on a mangrove biodiversity monitoring
study in Pasir Ris Park's mangrove forest.

Biodiversity Roundtablef Singapore

The Biodiversity Roundtable of Singapore is a collaboration between NUS and NParks that gathers
representatives frmm academia, schools, nature interest groups, government and other stakeholders

in regular meetings to discuss current topics of interest to the biodiversity community. The
Roundtable is alstesponsible fothe organisation of the Festival of Biodivergige section 3.2.4.1)

and the Biodiversity of Singapore Symposisee section 3.2.4)
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Freshwater crab conservatiamorking group

The Singapor&eshwater cralfJohora singaporengiss endemic to Singapore and has been listed as
critically endangered Yo the IUCN as well as being among the top 100 most threatened species
worldwide. In March 2014NParks, NUS, WRS, IUCN, members of other government agencies and
NGOs convenedt the Freshwater Crab Conservation Roundtable meetioglevelop an overall
spedes conservation strategy for this endemic specieswvorking group was set up consisting of
NParks, NUS and WRS, whaims to follow up on the strategies developed and update the
roundtable subsequently (Ng et al., 2015).

3.2.5.2 Regional collaborations

Biodiversity conservation requires concertadtions at the different levelsational, regional and
international. As a responsible global citizen, Singapore participates in key biodivelsigd
regional and international fora, and fosters strategirtnerships with regionahnd international
organisationsto facilitate collaboration on the conservation of biodiversity across national
boundaries and share our experience and expertise on urban biodiversity conservation.

Association of Southeast Aridlations ASEAN

Singapore is a member state of ASEAN, and participates in vAREKBN Working Groupader the

ASEAN Cooperation on Environmexnitch as the ASEAN Working Group on Nature Conservation and
Biodiversity (AWGNCB), ASEAN Working Groupoastal and Marine Environment (AWGClslid)

the ASEAN Working Group on Environmentally Sustainable Cities (AW@BES@art of the
commitment to these Working Groups, Singapore hosted the AWGESC int@@18WGNCB in

2014 and the AWGCME in 2015These waoking groups provide a formal platform to share

{ Ay 3l L2 NBQa ShesSyedh Sryad Biativetsiyy Ronservatioms well as for exploring

regional cooperationon other issues Singapore hasind continuesto promote some areas of

expertise such aUCM (see section 3.2.2 and the application of the{ A y 3| L2 NBE LYRSE 2
Biodiversity (S, see section 44)ASEAN Member States (AMS)

Under the ASEAN Declaration on Heritage Pariéd ReservesAMSagreed to participate in the

ASEAN Heritage Far(AHPs) programme in order to generate greater awareness and appreciation
F2N) 6KS O2yaSNBIGAZ2Y 2F 1 {91 bQa&d NAROK Yyl GdzNFf KS
protected areas, and to generate greater collaboration between AMS in presettvinigshared

natural heritage ASEAN Centre for Biodiversit010). The AHPsare protected areas of high
conservation importance within theen AMS Singapore currently has two AHPSungei Buloh

Wetland ReservéSBWRANdBTNRSBWR was designated asBInLJ2 NE Qa FA &hHidis ! |t Ay
also known as a site of international importance for migratory birds that stop over to feed along

their annual migration route BTNR was designated an AHP on 18 October.2011

ASEAN Centre for Biodiversity (ACB)

Singapore has worked closely with the ACB since its inception in 2005 for vgmogsanmes or
eventsas well as beingn active participant at ACB organised workshops, courses and events
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NParks isx regular contributor of articles to the ASEAN Biodiveldi@igazineand provides inputsto
various ACB publications, for exampliae ASEAN Biodiversity Outloohich is aflagship
publication of the ACB.

Singapore also eorganises events andworkshops with ACB, such as theaugural ASEAN
Conference on Biodivsity in 2009, twoASEANvorkshops on the Singapore Index in 2010 and 2014

the AsiaPacific Regional Consultation and Capdgityding Workshop on REDD+ in Developing
Countries in March 201&nd 4 other eventsin 2009 the 5" International Hornbill Cormfrence,

ASEAN Workshop on the United Nations Convention on Law of the Sea and Marine Biodiversity, Sub
regional Capacity Building Workshop on Forest Biodiversity and Climate Change and the ASEAN
Wetland Management Training Course

Agreement between the Gernments of the Member States of ASEAN and the Republic of Korea on
Forest CooperationAFoC{

{AYy3lILER2NBE KFra 0SSy I YSYoSNI (2 GKS a! ANBSYSyid o
of ASEAN YR G KS wSLJztAO 27F Y2NBI Agleymea 8ikditiaiteréd2 2 LIS NI
into force in August 2012. The tweearagreement was extended in August 2014 for a further two

years. The main focus of this agreement is to facilitate ferelstted cooperative projects among

AMSand the Republic of Korea ihd context ofreducingdeforestation, forest degradation as well

as the sustainable management of forests. NParks, thrahghNational Biodiversity CentrélBQ,

serves as the focal and implementing agency for Singapore for any activities under thinewgfree

Through the agreement, capacibuilding sessiongor the member countries were undertaken.
Training session on the use of geographic information sys$terforest management, seed nursery
management andorest pest managemenare just some examplesf activities that have been
provided to member countries. Exchange programmes including a fellowship with the Secretariat of
the agreemenprovidesopportunities for officials from ASEAN countries to experience working in an
international network.

PEMEA ornintegrated Urban Coastal Management

Singapore has been working with the Partnerships in the Environmental Management for the Seas of
East Asia (PEMSEA) since 2009 to develop an Integrated Urban Coastal Management (IUCM)
framework a proactive planimg and management framework for sustainable development of the
marine and coastal areas within an urban contsee section 3.2.2 on IUCM).

On 18 November 2013, Singapore and PEMSEA signed a Memorandum of Understanding (MOU) to
establish Singapore asPEMSEA Regional IUCM Demonstration Site and Learning Centre. By signing

the MOU, Singapore is recognised internationally as a positive example in integrated coastal
YEylI38§YSydo 9ELISNASYOSa FyR 684G LN} OGAOSE Ay
show@sed and disseminated within the Seas of East Asia and beyond.
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3.2.5.3 International collaborations
Secretariat of the Convention on Biological Diverss§@BR

Singapore works with the SCBD on various initiatiM&arkshas been in partnership witthe SCBD

to develop theindicatorsofthe { A y 3 L2 NB LY RSE 2 \sinck iwaskir& aréposedh 2 RA @S|
in 2008 NParks and th&CBD led the Technical Task Force that developed dred8b-organised

the three expert workshops that were condted in SingaporeSCBD habeen instrumental in

promoting the use of the Sl by cities worldwide.

Singapore has been involved in the Global Partnership on Local and Subnational Action for
Biodiversity since its inception in 2008. Facilitated by the S@B;lobal Partnership is a network

of relevant UN organisations and scientific networks, key individual cities and partners working
collaboratively to promote the cities and their biodiversity agenda. In addition to the SCBD, other
prominent members of t8 Df 26 f tF NIYSNBEKALI AyOf dzRS L/ [ 9LQa
Urban Biodiversity and Design (URBIO) network and the Stockholm Resilience Centre. Singapore
works closely with the Global Partnership as well as these partner organisations tmtprdime

application of theSI by cities

The Singapore Botanic Gardens is a member of the Consortium of Scientific Partners (CSP) that is a
network of scientific institutions facilitated by the SCBBhe purpose of the CSP is to allow SCBD to
leverage theexpertise and experience of these institutions the implementation of theCBD
Strategic Plafor Biodiversity 2012020and the Aichi Biodiversity Targets.

In 2013, the Singapore Botanic Gardenshosted a regional workshop on reflecting the Global

Strategy on Plant Conservation in NBSAPs together with the SCBRhanBotanic Gardens
Conservation International
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CHAPTER 4:

PROGRESS TOWARDS THE 2020 AICHI BIODIVERSITY TARGETS

Singapore has been making great efforts in biodiversity conservation uhdeiramework of the

b.{!tX 6KAOK gl a& RS@OSt2LISR Ay HAnpd® ¢KS LIzNLI2aS
efforts in this area vis-vis the implementation of the Strategic Plan of Action for Biodiversity 2011

2020 and the achievement of AichibBiversity Targets. In addition, Singappas a citystate, is also

able to take stock of her biodiversity conservation efforts as a city. Thus, where relevant, the
FaasSaaySyd 2F {Ay3AFLRNBQa O2y ( NROdziA 2e\asing thes I NRa
Sl

41 ¢KS {Ay3ILIRNBE LYRSE 2y /AGASAQ . A2ZRAQGSNBAGE

In 2008, Singapore initiated the development of an index that was specifically designed to
benchmark conservation efforts at the city leveli KS { Ay 3} LI2NB LYyRSE 2y [ A
Sirgapore Index%l,then known as the City Biodiversity Index CB). The S| was developed by an
international Technical Task Force, led by the SCBD, and has been applied by numerous cities
worldwide in order to measure their progress in biodiversity comaton. The Sl provides a
guantitative framework with which national governments are able to easily consolidate and obtain a

broad overview of the efforts made by their cities.

The Sl is divided into two parts: Part | documents the profile of the citypemddes the context for

the application (e.g. climate, location, size etc.); Part Il details the 23 indicators that make up the
index and is comprised dhree parts: Native Biodiversity in the Citte indicators), Ecosystem
Servicesfbur indicators),and Governance and Management of Biodiversiing indicators).Each
indicator has a maximum score of four points, and cities can score up to a total of 92 points for all 23
indicators.As the Sl isntended as a selassessment toolsome of the indicairs are designed in

such a way that a score can only be obtained from the second application onwards, by calculating
with respect to the baseline or first year of applicatidime results are typically not comparable
amongstcities.

411 { Ay 3l L2 NB®Re&SI 4§ 02 NB

Singapore firstapplied the Sl in 2010, and this establishes HaselineT 2 NJ { Ay 3| L2 NBQa
applications of the SKingaporepplied 18 out of 23ndicators and obtained a score of 55 out of 72

points (76%)The five indicators that weraot applied were the ones where a score can only be
obtained from the second application onwards.

Table9Y . NBI { R2 ¢y SBdbreqfdr gaghichdhdndng &
See Annexfor detailed scoring on each indicator.

S| component Score

Native Biodiversityn the City 14 out of 20 points
Ecosystem Services 8 out of 16 points
Governance and Managemeot Biodiversity 33 out of 36 points
Total 55 out of 72 points
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On the whole, Singapore scored well for the Governance and Management component, more so
than the other two components. This could potentially be interpreted as the city making great
efforts in terms of governance, however, there may be other factors such as lack of land preventing
these efforts from being reflected as a higher score in the othemponents. Subsequent
applications of the Sl are planned for 2015 and would likely shed light on the contributing factors to
this and allow for more targeted efforts; especially if consistent high scores in the governance
component are not translated intquantifiable improvements in the other components.

{AYy3IlILIRNBEQa &a02NB 2y (GKS {L LINRBGARSA | YSI adzNF
biodiversity conservation, and some of the indicators can be used to assess progress on the Aichi
Biodiversity @rgets.
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4.2 Assessmentof A y 3| pidghe®s @ivardghe Aichi Biodiversity Target

Tablel0: Progress towardshe Aichi Biodiversity Targgtwith relevant Sl indicators and scores as well as key NBSAP actions

Legend
Assessment of Progress
Signifcant progress
No significant progress
1 Needs further improvement
Lack information to assess progress
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Aichi Biodiversity Targets

RelevantSl Indicatord Y R { Ay 3 LJ2
(baseline year, 2010)

Relevant NBSAP Strategy akey Actions

Progress

Target 1: By 2020, at the
latest, people are aware of
the values of biodiversity
and the steps they can take
to conserve and use it
sustainably.

Indicator 14: Number of formal education visits pj
child below 160.01, O points.

Indicator 20: Existergcof formal or informal public
consultation procesgoutine consultatiorprocess
exists (e.g.: URA Master Plan public consultatién
points.

Indicator 21: Number of organisations with which
the city is in partnershi®6, 4 points.

Indicator 22 Biodiersity or elements of it are
included in the school curriculum, 4 points.

Indicator 23: Number of outreach or public
awareness events held in the city per yei340, 4
points.

Strategy 4 Enhance Education and Public Awareness

Numerous efforts being ntke to reach out to the public
Some examples include

Community in Nature

Festival of Biodiversity

Biodiversity related ghibitions

Nature photography competitions

Greening Schools for Biodiversity

SUN Club

Every Child a Seed

Green Wave

Kids for Naturggrogramme

Volunteer programmes

TeamSeaGrass

International Coastal Cleanup Singapore
Community in Bloom programme

Websites, Nature Blogs and mobile applications
STEMUS Sunburst Environment Programme
Singapore Geospatial Challenge

= =4 -4 —a -4 -4 8 a8 _a -8 _a -2 9 -2 -2 -9

Target 2: By 2020, #ite
latest, biodiversity values
have been integrated into
national and local
development and poverty
reduction strategies and

Indicator 17: Extence of Local Biodiversity
Strategy and Action Plah { A y 3 | LI2ANEB
points.

Indicator 18: Institutional capacity: number of

biodiversity related functions?, 4 points.

Strategy 2 Consider Biodiversity issues in Policy and
Decisiorrmaking

1 City in a Garden vision recognised at the highest
levels.
1 Landuse plannindakes biodiversity into
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planning processes and are
being incorporated into
national accounting, as
appropriate, and reporting
systems.

Indicator 19: Institutional capacity: number of
agencies inelved in interagency o-operation 10,
4 points.

Indicator 20:Existence of formal or informal publig
consultation procesgoutine consultatiorprocess
exists (e.g.: URA Master Plan public consultatién
points.

consideration; designation ¢fvo new Nature Areas
and theSistea IQands Marine Park

The Sustainable Singapore Blueprint 2015
incorporates elements of biodiversity, and the
targets for 2030 have biodiversity elements as wel
Administrative processes are in place for
Environmental Impact AssessmeBi A/ Biodiversity
Impact AssessmenB(A required for development
works near Nature Areas.

Access anbBlenefit sharingorocesses for non
commercial research is well established|icyfor
commercial research being reviewed.

Target 3: By 2020, at the
latest, incentives, including
subsidies, harmful to
biodiversity are eliminated,
phased out oreformed in
order to minimize or avoid
negative impacts, and
positive incentives for the
conservation and sustainabl
use of biodiversity are
developed and applied,
consistent and in harmony
with the Convention and
other relevant international
obligations taking into

account national socio

Singapore does ngirovide any incentives and subsidies that could have harmful impact to biodiversity
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economic conditions.

Target 4: By 2020, at the
latest, Governments,
business and stakeholders &
all levels hag taken steps to
achieve or have
implemented plans for
sustainable production and
consumption and have kept
the impacts of use of natura
resources well within
ecological limits.

Indicator 21:Number of organisations with which
the city is in partnershi@6, 4 points.

Strategy 2 Consider Biodiversitigsuesn Policy and
Decisioamaking

Singapore does not extract natural resources for
commercialproduction and our main role is as a
consumer or transportation hub in the supply chain.
Majority of effortstowardssustainable consumptioare
in the areas of recycling and energy use. Tentative ste
have been made towards engaging with the business
community in assessing treustainabilityof business
practices

Target 5: By 2020, the rate ¢
loss of alhatural habitats,
including forests, is at least
halved and where feasible
brought close to zero, and
degradation and
fragmentation is significantly
reduced.

Indicator 1:Proportion of natural area9%, 4
points

Indicator 2: Connectivity measuremeanmesh
size: 1599Ha, 4 points

Strategy 1 Safeguard Our Biodiversity

Numerous measurelsave been takemo maintain natural
areas anda increase habitat connectivitizor example:

9 Addition oftwo new Nature Areasndthe Sist&NJA Q
Islands Marine Park

I Measures to improve habitat connectivity, such as
EcoLink@BKBature WaysRIRPCNRail Corridor

1 Reforestation efforts at Nature Reserves

I Habitat enhancement irparks such as BishaAng
Mo Kio Park, Tampines Eco Green, Sungei Pa
and Pulau Ubin

1 Oil spll response procedures to protect coast
habitats from oil spills
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Target 6: By 2020 all fish an
invertebrate stocks and
aquatic plants are managed
and harvested sustainably,
legally and applying
ecosystem based
approaches, so that
overfishing is avoied,
recovery plans and measure
are in place for all depleted
species, fisheries have no
significant adverse impacts
on threatened species and
vulnerable ecosystems and
the impacts of fisheries on
stocks, species and
ecosystems are within safe
ecologicalimits.

Not relevant for Singapore as commercial fishing is not a major sector in Singapore. We have measures in place to gam
unreported and unregulated (IUU) fishing, such as prohibiting the entry of IUU fishing vessels and inspectingfishiag

Target 7: By 2020 areas
under agriculture,
aquaculture and forestry are
managed sustainably,
ensuring conservation of
biodiversity.

Not relevant for Singapore. Singapore has limited agriculture and aquaculture, and no forestry sector.

Target 8By 2020, pollution,
including from excess
nutrients, has been brought
to levels that are not

detrimental to ecosystem

Minimal impact inSingaporeFarming is not a major sector in Singapopecess nutrients from farms or induisl waste leaching
into habitats are not significant, or are managed through strict regulationgact from pollution to native habitats is relatively
minimal, barring occasional unusual situations such as oil spills, where administrative procedungslia@ce to prevent or
mitigate impact.
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function and biodiversity.

Target 9: By 2020, invasive
alien species and pathways
are identified and prioritized
priority species are
controlled or eradicated, anc
measures are in place to
manage pathways to prever
their introduction and
establishment.

Indicator 10: Proportion of Invasive Alien Species
(birds) 3%, 3 points.

Strategy 1 Safeguard Our Biodiversity

Various IAS are present in Singapore, but have yet to
demonstrate significant impact toiodiversity. Initial
steps have beeraken to identify species and pathways
with some limited attempts at control measures within
Nature Reserves.

Target 10: By 2015, the
multiple anthropogenic
pressures on coral reefs, an
other vulnerable ecosystem
impacted by climate change
or ocean aidification are
minimized, so as to maintair|
their integrity and
functioning.

Indicator 7: Change in number of hard coral
species: 255 hard coral species, currently no S
score (baseline data).

Strategy > Safeguard Our Biodiversity

Various species consation and recovery programmes
are in place, such as the giant clamstockingproject.

Singapore designated our first Marine Park in 2014, th
Sisterslslands Marine Park, which is intended to prote
marine habitats and act as a protected area for $gec
conservation programmes.

Singapore also developed the Integrated Urban Coast
Managemenframework together with PEMSEA to
encourage sustainable development of the coastal
environment within an urban context.

Oil spillresponse procedures are in plateprotect
coastal habitats from oil spills

Target 11: By 2020, at least

17 per cent of terrestrial ang

Indicator 1:Proportion of natural areas29%, 4

points.

bt I N]A4Q bl Gdz2NB / 2y aSNBDI
Physical Plan that will hein management of areas with
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inland water, and 10 per
cent of coastal and marine
areas, especially areas of
particular importance for
biodiversity and ecosystem
services, are awserved
through effectively and
equitably managed,
ecologically representative
and well connected systems
of protected areas and othe
effective areabased
conservation measures, ang
integrated into the wider
land-scape and seascapes.

Indicator 2: Connectivity measuremean mesh
size: 1599Ha, 4 points

Indicator 9:Proportion of protected natural areas
4.7%, 1 point.

significant biodiversity
Strategy 1 Safeguard Our Biodiversity

Efforts under this strategy include identification of
specific sites with biodiversity significance, such as the
habitat ranges of endangered animals.

Otherinitiativesto improve the connectivity between
habitats are also important in achieving this target, e.g
EcoLink@BKBYature WaysRIR PCNand theRail
Corridor, as well as other restoration and habitat
enhancement initiatives such as tBéshanAng Mo Ko
Park stream rehabilitatioand Tampines Ec&Green

Strategy 2 Consider Biodiversitissuesn Policy and
Decisioamaking

The Sistet I€lands Marine Park is under the

management of NParks and thed new Nature Areas
were designated under the URRarks and Waterbodies
Plan providing some administrative protection for thesg
sites.
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Target 12: By 2020 the
extinction of known
threatened species has bee
prevented and their
conservation status,
particularly of those mostin
decline, has been improved
and sustained.

Indicator 1:Proportion of Natural Area29%, 4
points.

Indicator 2: Connectivity measuremean mesh
size: 1599Ha, 4 points

Indicator 4: Change in number of vascular plant
species2145native vascular plant species
currently no Sl swe (baseline data).

Indicator 5: Change in number of bird spec&al
bird speciescurrently no Sl score (baseline data)

Indicator 6: Change in number of butterfly specie
295 butterfly speciescurrently no Sl score
(baseline data).

Indicator 7: @ange in number of hard coral
species255 hard coral speciesurrently no Sl
score (baseline data).

Indicator 8: Change in number of freshwater fish
species34 fish speciesurrently no Sl score

(baseline data).

Indicator 9:Proportion of protected atural areas

4.7%, 1 point.

Under theSpecies Recovery programmatic plan of
bt F N] aQ bl GdzNB
species are identified and prioritised based on endemi
conservation status and habitat range. This will help to
guide actios towards increasing populations of the
species identified.

Strategy 1 Safeguard Our Biodiversity

Various species conservation and recovery programm

are in place:

1 Giant clanrestocking programme

1 Freshwater crab conservation working group, for tf
Singagore freshwater crabJohora singaporengis

1 Rare native plant propagation and reintroduction

| 2y & SNDI
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Target 13: By 2020, the
genetic diversity of
cultivated plants and farmed
and domesticated animals
and of wild relatives,
including other socio
economically asvell as
culturally valuable species, i
maintained, and strategies
have been developed and
implemented for minimizing
genetic erosion and
safeguarding their genetic
diversity.

Not relevant for Singaporé&lant cultivation and farming are not major sectorsSingapore

Target 14: By 2020,
ecosystems that provide
essential services, including
services related to water,
and contribute to health,
livelihoods and welbeing,
are restored and
safeguarded, taking into
account the needs of
women, indigenous anatal
communities, and the poor
and vulnerable.

Indicator 1:Proportion of Natural Area29%, 4
points.

Indicator 2: Connectivity measuremean mesh
size: 1599Ha, 4 points

Indicator 9: Proportion of protected natural areas
4.7%, 1 point.

Indicatorll: Regulation of Quantity of Water
63.2% 2 points.

Indicator 12:.Carbon Storage and Cooling Effect @
Vegetation(extentof tree canopy covgr31.9%, 3

Similar to Target5 and11, Singapore havade great
efforts to preserve native habitats inta@nd to restore
connectivity between patches to enhance ecosystem
servicesVulnerable groups highlighted in the target are
not reliant onecosysten servicedor their livelihoods in
Singapore.
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points.

Indicator 13: Recreational Servicésea of parks
with natural areas0.75ha/1000 persons3 points.

Target 15: By 2020,
ecosystem resilience and th
contribution of biodiversity
to carbon stockéas been
enhanced, through
conservation and
restoration, including
restoration of at least 15 per
cent of degraed
ecosystems, thereby
contributing to climate
change mitigation and
adaptation and to combating
desertification.

Indicator 1:Proportion of Natural Areag29%, 4
points

Indicator 2: Connectivity Measure$lean Mesh
Size:1599Ha, 4 points

Indicator 9 Proportion of protected natural areas
4.7%, 1 point.

Indicator 12:.Carbon Storage and Cooling Effect @
Vegetation(extentof tree canopy covgr31.9%, 3
points.

WSLE2NI 2F {Ay3lFLR2NBQa yI
biennial update repoitg toUnited Natons Framework
Convention on Climate Chan@i@NFCCQs currently in
preparation, and will provide greater detail in this area.

Strategy > Safeguard Our Biodiversity

Ongoing eforestationprogrammes at Nature Reserves
not only help to improve their relence as ecosystems
by adding buffer zones to core areas, they also contrib
towards sequestration of carbon.

Various tree planting programmes outside of the Natur
Reserves can also contribute to this target, e.g.
Southwest Community Development Couf8WCDQ a
One Million Tree Planting Programirigimilarly, habitat
enhancement and restoration efforts at Pulau Ubin ang
Tampines Eco Green would also help.

Strategy 2 Consider Biodiversitigsuesn Policy and
Decisioamaking

Singapore has been verytiaely greening the urban
infrastructure as part of th€ity in a Garden visiomwhich
greatly increases the capacity of the urbanised areas t
contribute to climate change mitigation.
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Target 16: By 2015, the
Nagoya Protocol on Access
to Genetic Resouss and
the Fair and Equitable
Sharing of Benefits Arising
from their Utilization is in
force and operational,
consistent with national
legislation.

No relevant Sl indicator.

Strategy 2 Consider Biodiversitigsuesn Policy and
Decisioamaking

1 Access ath Benefit Sharingrocesses for non
commercial research is well establishedd the
policyfor commercial researcis currentlybeing
reviewed.

1 Singapore is not yet Party to the Nagoya Protocol,
but national onsultations are currently ongoirig
consder if Singapore should accede to the Protocg

Target 17: By 2015 each
Party has developed,
adopted as a policy
instrument, and has
commenced implementing
an effective, participatory
and updated national
biodiversity strategy and
action plan.

Indicator17: Existence of Local Biodiversity
Strategy and Action Plan { A y 3| LI2ANS Q

points.

Strategy 2 Consider Biodiversitigsuesn Policy and
Decisioamaking

Singapor& MBSARs currently undergoing review and
national targetsare being developed, gssibly to be
completed before the end of 2016.yY | RRA { A 2
Nature Conservation Master Pl@intended to support
0KS AYLX SYSyGlraAz2y 2F {A

Target 18: By 2020, the
traditional knowledge,

innovations and practices of
indigenousand local
communities relevant for the
conservation and sustainabl
use of biodiversity, and theil
customary use of biological

resources, are respected )

Not relevant for Singapore
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subject to national
legislation and relevant
international obligations,
and fully integrated and
refleded in the
implementation of the
Convention with the full and
effective participation of
indigenous and local
communities, at all relevant
levels.

Target 19: By 2020,
knowledge, the science bas
and technologies relating to
biodiversity, its values,
functioning, status and
trends, and the
consequences of its loss, ar
improved, widely shared an
transferred and applied.

Indicator 18: Institutional Capacity: Number of
Biodiversity Related Functions, 4 points.

Indicator 19: Insitutional Capacity: Number of
Agencies Inplved in Interagency o-operation 10,
4 points.

Indicator 21: Number of Organisations with which
the City is in partnershif@6, 4 points.

Strategy 3 Improve Knowledge of Our Biodivdysand
the Natural Envbnment

Academic research on biodiversity in Singapore requir|
a permit under NParks, and one of the conditions undg
the permit is the submission of reports and data which
then transmitted to the relevant managing authority of
each site where the studs were conducted for
incorporation into their management of the site.

Biodiversity related information is also collated and
managed, and tools are supplied to analyse the data if
order to provide timely and relevant information to
policy and decision maks.

Biodiversity related information is then disseminated
using the various initiatives under StrategyEnhance
Education and Public Awarene&s/ents such as the
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Festival of Biodiversity are very useful in communicatir
up to date information on biodersity to the general
public.

Target 20: By 2020, at the
latest, the mobilization of
financial resources for
effectively implementing the
Strategic Plan 2012020
from all sources and in
accordance with the
consolidated and agreed
process in the Stragy for
Resource Mobilization
should increase substantiall
from the current levels. This
target will be subject to
changes contingent to
resources needs
assessments to be
developed and reported by
Parties.

Not relevant for Singapore.
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4.3 Progres towards achieving the Aichi Biodiversity Targets

Theprecedingi  6f S LINPGARSa | 3ISYSNIf |aasSaavySyd 2F { A
Biodiversity Targetasing efforts under our National Biodiversity Strategy and Action Plan as well as
relevant indicators of the S

On the whole Singaporehas made googrogress towardschievingthe Aichi Bidiversity Targets

with significant progress in the majority of the targets. The unique circumstances in Singapore also
create situations in whichaosne of the Aichi Biodiversity Targets are either not relevant for
Singapore, or only partially relevanthere werethree targets where progress was margimaid
showed room for improvementTarget4 on sustainable production is only marginally relevant as
Singapore does natxtract natural resources for commercjaboductionand can only work indirectly
through businesses thadminister their operations fronhere; Target9 on IASs alsoonly partially
relevant in that Singapore does not hasebstantialagriculture where IAS impact is typically most
obviously demonstratedand finally, Target16 on the Nagoya Protocd$ currently undergoing
national consultations as to whether Singapore shoulddmeea Party.

44 Moving forward

Singapore has done fajrlvell to conserve local species and habitassirveys have shown that the

number of species has increased for numerous groups of plants and aminthlsany species once

thought lost have been found again in local habitats. Home ranges of some rarespesie

expanded, and where particularly vulnerable species are identified, species recovery programmes

are initiated. There have been numerous events, initiatives, projects and programmes that were

OF NNASR 2dzi G2 | OKAS@S i KPSan@ in autnOcontrib@eitowards { Ay 3|
achieving the Aichi Biodiversity Targets.

In the immediate future, Singapore is currently revising its NBSARItede national targets in line

with the Aichi Biodiversity Targets, whickould facilitate better trackingof our efforts on

biodiversity conservation and the implementation of the Convention. Singapdgte also be

conducting the second application of the Singapore Index, which will provide additional perspectives

2y {Ay3l LR2NBEQa STT2aToasenkaton NMastar PlamdbBieévaloprieiitéill b | { dzNJ
also help to guide efforts in Singapore towards implementing our NB&&®Rributing to the
achievement of ounational targetsand the broader Aichi Biodiversity Targets.

5SaLIAGS { Ay 3l LanNBdisihave Ydef rhadedink BioSizersity dhservation and the
implementation of the Convention in Singapore. The atypical circumstances here present fairly
unique opportunities for Singapore in conserving our biodiversity, such as finding new ways to
enhance urban biodiversity. Singapore will contirug efforts towards ensuring that biodiversity is
conserved, in order to keep Singapore as green and natural as possible in the Titase. efforts
contribute significantly to make Singapore a livable amstainable city.
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AnnexA - References foifable 2

. Changes
Taxonomic No. of .
group species in Source Comments
number
Baseline: Baseline of 850is based on
Chong et al. (2009) Chong (2009). Only extant
21 New records: species were counted. Chong €
Ang et al. (2010, 200), Neo et al. (2013, 2014), Rodda & Ang (2012a), T4 & (2009) had a total of 4192
_ plants recorded. Subtracting the
al. (2011), Tan (2013), Yeo et. al. (2012, 2012a), NParks Pulau Ubin Brg 642 presumed extincspecies
(2013), pers. comm. 11 Dec, NParks Plant Information Unit (2013), pers gave a total of 350 extant
comm. 13 Dec. vascular plants
Vascular Plants 3604 54 33Rediscoveries:
Ang (2010), And-ok & Chongt al. 010, Ang, Lok & Tan (201&ng, Lok
g & Yeo et al. (2010, 2011), Ang, Lok, Yeo & Angkasa et al., (2082 Yeo
% et al. 012),Hassan lbrahim et al. (2011), Lim et al. (2014), Lok exC4l0(
2 2011, 2011a, 2012), Loo (2011), Rodtale(2012),Tan & Yeo (2012Y,am
g etal. (2012)Leong & Yam (2013yeo et al. (2013, 2013a, 20130, Ang
<_% & Lok (2012, b, NParks Pulau Ubin Branch (2013), pers. comm. 11 Dec
o NParks Plant Information Unit (2013), pers. comm. 13 Dec.
Algae 1054 0 Baseline: Pham et al. (2010)
Fungi 950 0 Baseline: Wee & Ng (1994)
. Baseline: Ng et al. (2011 80 are unknown species, 296 a
Lichens 376 0 ’ ( : known species. i
1 New record:
Ho (2013)
Bryophytes 232 1 Baseline:
Ho, B. C. (2014) pers. comm. 30 April, Piippo et al. (2002a, 2082k}, Alo
(2008), Yong et al. (2013).
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Mammals

o3

Baseline:

Baker & Lim (2008), Ka&e Society (Singapore) (2014#)cludes species of
indeterminate status.

1 New record:

Lim & Leong (2014).

1 Rediscovery:

Cai (2010)

Baseline changed asnsient
animals are counted

Birds

384

20

BaselineWang & HailR007)
18 New records, 3 RediscoverygEdirpation:
Nature Society (Singapore) Bird Group Records Committee (2013)

Reptiles

Vertebrates

152

Baseline: Baker & Lim (2008), Nature Society (Singa2014)Includes
species of indeterminate status.

4 New records:

Lim (2009), Lim & Cheong (2011), Tan & Lim (2012), Thomas et al. (201

Baseline changed as 5NR
includes marine turtles and
marine snakes but 4NR did not

Amphibians

29

Baseline: Bker & Lim (2008)

Freshwater
fishes

106

Baseline: Baker & Lim (2008), Nature Society (Singapore) (2@ddiles
species of indeterminate status.

2 New records:

Tan et al. (2013)

Marine fishes

585

13

Baseline: Frese & Pauly (201, Ng (2012, b).

12 New record:

Low (2013), Jaafar & Ng (2012), Ng (2012), Jaafar et al. (2012).
1 Rediscovery:

Ng (2012)
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Butterflies

317

22

Baseline: Khew (2014)

Beetles

10000+

10

Estimate based on Ng et al. (2011)
5 New species:

Jach et al. (2033

3 New records:

Jach et al. (2013)

1 Rediscovery:

Ong et al. (2013)

Dipterans

910

42

Baseline: Ng et al. (2011)
42 New species:
Ng et al. (2011), Grootaert (2013), Grootaert & Shamshev (2012)

Hymenopterans

Insects and Arachnids

540

Baseline: Ngt al. (2011)

1 New Species:

Pauly (2012)

1 New record:

Lee, J. X. Q. pers. comm. 28 Oct 2013

1 possibleExtirpation

John X. Q. Lee pers. comm. 28 Oct 2013

Myriapods

55

Baseline: Decker (2013)

Odonates

127

15

Baseline: Normdrashid et al. (208).
15 New records:
Tang et al. (2010), Ngiam, W. J. (2014), pers. comm. 6 Feb

Orthopterans

200+

18

Baseline estimate based on Ng et al. (2011).
16 New Species:

Gorochov & Tan (2011, 2012), Ingrisch & Tan (2012), Robillard & Tan (2
Tan (201, 2012a, 2012b), Tan & Ingrisch (2013), Tan & Robillard (2012)
1 New record:

Tan & Wang (2012)
1 Rediscovery:

Tan (2011)

69| Annex A- References for Table 2




Spiders 425 26

Baseline: CourD.J, (2009, pers comm. 6 Oct.

1 New species:

Wang & Li (2010)

25 New record:

Baehr et al(2012), Bayer (2011), Dankittipakul et al. (2012), Eichenberg
al. (2012), Huber (2011), Koh & Leong (2013), Platnick et al. (2012), Yo{
& Koh (2011), Zabka & Waldock (2012).

Crustaceans 1000+ 8

Baseline: Ng et al. (2011)

3 New species:

Naruse & Ng (2010), Mendoza & Ng (2011), Cai & Teo (2012)
4 New records:

Low & Tan (2012), Lee & Ng (2012), Cai & Teo (2012)

1 Rediscovery:

Tan (2012)

Molluscs 1291 6

Other nvertebrates

Baseline: Tan & Woo (2010), Wong (2011).

1 New species:

Tan& Chan éal. (2011).

5 New records:

Ang & Tan (2013), Tan & Low (2818, Ng et al. (2014).
1 Rediscovery:

Tan & Tan et al. (2011)

1 Extirpation

Neo & Todd (2013).

Baline formed by adding 1264
from Tan & Woo (2010) to 21
species from Wong (2011)

Octocaallia
(Soft Corals +

. 63 32
Gorgonians)

Baseline: Goh & Chou (1996).

2 New species:

Benayahu & Chou (2010), Benayahu & Ofwegen (2011)
30 New records:

Benayahu & Chou (2010), Benayahu & Ofwegen (2011)

Hard corals 255 0

Baseline: Huang et al. (2009)
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Ascidians

32

14

Baseline: Ng et al. (2011).
14 New records:
Lee et al. (2013), Su et al. (2013)

Sponges

228

Baseline: Lim, De Voogd & Tan (2012m et al. (2009PeVoogd & Cleary
(2009).

1 New species:

Lim, De Voogd & Tan (2012

1 New reord:

Lim& Tan(2013).

1 Rediscovery:

Lim, Tun & Goh (20}2

Echinoderms

120

Baseline: Ng et al. (2011).
1 New record:
Teo et al. (2010)

Marine mites

39

0

Baseline: Bartsch (2009)

" - Figures for these taxaclude species of indeterminaistatus.
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AnnexB - Species lists of new species, new records, rediscoveries and extinctions

Plants and Others

Vascular Plants

S/N Species name Status Source
1| Blechum pyramidatum New record| Neo et al. (2014)
2 | Cayratia japonica New record| Yeo etal. (2012)
3 | Cryptocarya nitens New record| Neo et al. (2014)
4 | Dioscorea alata New record| Neo et al. (2013)
. . NParks Pulau Ubin Branch
5 | Diplazium bantamense New record (2013), pers. comm. 11 Dec
6 | Dischidia acutifolia New record| P arksSBWHBrant (2013,
pers.comm.3 Dec
NParks Pulau Ubin Branch
7 | Dracaena trachystachys New record (2013), pers. comm. 11 Dec
8 | Eleutherococcus trifoliatus New record| Neo et al. (2014)
9 | Eulophia graminea New record| Ang et al.(2011)
10| Ficus stricta New record| Yeo etal. (2012
11 | Halophila decipiens New record| Siti M. Yaakulet al.(2013)
12 | Hoya caudata New record | Rodda & Ang (2012a)
. - NParks Pulau Ubin Branch
13 | Hoya imperialis New record (2013), pers. comm. 11 Dec
14 | Merremia vitifolia New record| Neo et al. (2013
15 | Neoscortechinia sumatrensis New record | Ang et al. (2010)
16 | Paraderris elliptica New record| Neo et al. (2014)
17 | Plectocomiopsis geminiflora New record | Tan et al. (2011)
: . NParks Pulau Ubin Branch
18 | Pleocnemia conjugata New record (2013), pers.@mm. 11 Dec
. N NParks Pulau Ubin Branch
19 | Rhizophora x larmarckii New record (2013), pers. comm. 11 Dec
20 | Tectaria incisa New record| Neo et al. (2014)
: NParks Plant Information Unit
21 | Thottea praetermissa New record (2013), pers. comm. 13 Dec
22 | Amomumhastilabium Rediscovery LeongSkornickova, J. (2013),
pers. comm. 10 Oct
23 | Ampelocissus thyrsiflora Rediscovery Yeo et. al. (2013)
. . . : NParks Pulau Ubin Branch
24 | Aralidium pinnatifidum Rediscovery (2013), pers. comm. 11 Dec
25 | Athyrium accedens Rediscoery | Lai(2010)
26 | Bromheadia alticola Rediscovery Yam et. al. (2012)
. NParks Plant Information Unit
27 | Bulbophyllum pulchellum Rediscovery (2013), pers. comm. 13 Dec
28 | Calamus iavensis Rediscover NParks Plant Information Unit
J ) (2013), pers. comm. 13ec
29 | Callostylis pulchella=Eria pulchella| Rediscovery Lok et. al. (2012)
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30 | Coelogyne rochussenii Rediscovery Lok et. al. (2011)
31 | Coptosapelta tomentosa Rediscovery Ang (2010)
32 | Cyrstachys renda Rediscovery ggig?g?;tggﬁmfgoggcmt
33 | Dendrobium aloifolium Rediscovery Ang, Lok & Yeo et al. (2010)
34 | Dienia ophrydis Rediscovery Hassan Ibrahim et al. (2011)
35 | Dischidia hirsuta Rediscovery Rodda et al. (2012)
36 | Fagraea ridleyi Rediscovery ?IZZ?;k)S geurfl.ucgr?]:.af f tE)ec
37 | Freycinetia javanica Rediscovery érz)gl,zliok, Yeo & Angkasa et al.
38 | Hetaeria obliqua Rediscovery Leong & Yam (2013)
39 | Hoya coronaria Rediscovery NParks Plant Information Unit
(2013), pers. comm. 13 Dec
40 | Lindsaea divergens Rediscovery Tan & Yeo (2012)
41 | Liparis barbata Rediscovery Lok et al. (2010)
42 | Marsdenia maingayi Rediscovery Yeoh et al. (2013)
43 | Myrmecodia tuberosa Rediscovery (NZFC))?Q;S ;);?Qtégxwafg)ggcmt
44 | Phdidocarpus kingianus Rediscovery (NZF(;?Q;S E;?Qtégmwafgjggcmt
45 | Pinanga simplicifrons Rediscovery Ang, Lok & Tan (2010)
46 | Polystachya concreta Rediscovenry Lok et al. (2014)
47 | Pterisanthes cissoides Rediscovery Yeo, Ang Lok (2013)
48 | Renanthera elongate Rediscovery Ang et al. (20111
49 | Rubus moluccanus var.angulosus | Rediscovery Ang et al. (2010
50 | Salacca affinis Rediscovery Loo (2011)
51 | Tetrastigma dichotomum Rediscovery Yeo, Ang & Lok (2012b)
52 | Trichotcsia velutina Rediscovery Ang et al. (2012)
53 | Uvaria curtisii Rediscovery Ang (2010)
54 | Vrydagzynea lancifolia Rediscovery Lim et al. (2014)
Cystorchis variegatear. purpurea Extinct Lok et al. (2011b)
Baselinel 3550species Chong et al. (2009)

"~ This record was not included in the count, as it involved a swap of status betGgstorchis
variegatavar. variegataand Cystorchisariegatavar. purpureaso no change to total number, and

no actual extinction
Algae
S/IN Species name Status Source
Baseline| 1054 species Pham et al. (2010)
Fungi
S/IN Species name Status Source
Baseline| 950 species Wee & Ng (1994)
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Lichens

S/N Species name Status Source
Baseline| Estimated 376 species Ng et al. (2011)
Bryophytes
S/N Species name Status Source
1 | Marchantia emarginata New record | Ho (2013)
Baseline| 232 species Ho, B. C. (2014), pers. comm. 30 April
Vertebrates
Mammals
S/N Species name Status Source
1 | Myotis horsfieldi New record | Lim & Leong (2014)

2 | Cervus unicolour

Rediscovery

Cai (200)

Baseline| indeterminate status)

91 speciegincludes species of

Baker & Lim (2008Miller (1991) Chew
(2009) Nature Society (Singapore)
(2014)

Birds
S/N Species name Status Source

s | s S S e
2 | Anastomus oscitans New record gg&gfiﬂ?%ﬂ?r?rln(iijalg?zpoolrg)) Bird Group
g | | S S O
| oo o 1S i v
N O
7 | Hemipushirundinaceus New record gggg%?%ﬂi%ﬁ;lg?zpoolg) Bird Group
8 | Hirundapus caudacutus New record ngzli)rr?jssgcci:r?r/n(iiianeg?zpoolrg)) Bird Group
| s T R e i

10 | Leptoptilos javanicus New record gz::fﬁjssgcci)?r?r/n(iiieneg?zpoolrg)) Bird Group

11 | Lonchura ferruginosa New record gzgsjsgcci?r?r/n(iielgﬁzpoolrg)) Bird Group

T e Lt

13 | Phylloscopus tenellipes New record Nature Society (Singapore) Bird Group

Records Committee (2013)
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Nature Society (Singapore) Bird Group

14 | Puffinus tenuirostris New record Records Committ (2013)

15 | Stercorarius longicaudus New record g:g%ssgﬂfémilg(azpoolrg Bird Group
16 | Stercorarius pomarinus New record gzg%g%cgiﬁilgépoolrg Bird Group
17 | Strix leptogrammica New record gzggsjfggzrﬁzgea(g%g)&rd Group
18 | Sula sula New record gzg%?%%?r:milgépoolrg Bird Group
19 | Bubo sumatranus Rediscovery Nature Society (Singapore) Bird Group

Records Committee (2013)

Nature Society (Singapore) Bird Group

20 | Meiglyptes trstis Rediscovery Records Committee (2013)
21 | Pycnonotus melanoleucos Rediscovery g:iﬂ%?%%?;ﬁiélgépoo{g Bird Group
Mulleripicus pulverulentus Extinct Wang & Hail$2007)
Baseline| 363 pecies Wang & Hail$2007)
Reptiles
S/N Species name Status Source
1 | Asthenodipsas laevis New record | Lim (2009)
2 | Dendrelaphis haasi New record | Lim & Cheong (2011)
3 | Norops sageri New record | Tan & Lim (2012)
4 | Phytolopsis punctata New record | Thomaset al. (2014)
148 speciegincludes species of Baker & Lim (2008Yature Society
Baseline| indeterminate status) (Singapore) (2014)
Amphibians
S/N Species name Status Source
Baseline| 29 species Baker & Lim (2008)
FreshwateHshes
S/N Species nam Status Source
1 | Danio rerio New record | Tan et al. (2013)
2 | Macropodus opercularis New record | Tan et al. (2013)
104 speciesgincludes species of Baker & Lim (2008yature Society
Baseline| indeterminate status) (Singapore) (2014)
Marine Fish
S/IN Species name Status Source
1| Ariuscf. gagora New record | Ng (2012)
2 | Chaetodon adiergastos New record | Low (2013)
3 | Dascyllus trimaculatus New record | Low (2013)
4 | Diademichthys lineatus New record | Low (2013)
5 | Myripristis amaena New record | Low (2013)
6 | Netuma bilineata New record | Ng (2012)
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7 | Pomacentrus moluccensis New record | Low (2013)
8 | Ptereleotris hanae New record | Jaafar & Ng (2012)
9 | Scarus ghobban New record | Low (2013)
10 | Scarus rivulatus New record | Low (2013)
11 | Sphaeramia nematoptera New record | Low (2013)
12 | Yongeichthys virgatulus New record | Jaafar et al. (2012)
13 | Hemiarius sona Rediscovery| Ng (2012)
Baseline| 572 species Froese & Paul (2014)
Insects and Arachnids
Butterflies
S/N Species name Status Source
1 | Appias indra plaa New record | Khew (2014)
2 | Appias paulina distanti New record | Khew (2014)
3 | Ariadne ariadne ariadne New record | Khew (2014)
4 | Cirrochroa emalea emalea New record | Khew (2014)
5 | Graphium bathycles bathycloides| New record | Khew (2014)
6 | Graphium ewplus mecisteus New record | Khew (2014)
7 | Ideopsis juventa sitah New record | Khew (2014)
8 | Mooreana trichoneura trichoneurg New record | Khew (2014)
9 | Oriens paragola New record | Khew (2014)
10 | Papiliio helenus helenus New record | Khew (2014)
11 | Polyura moori moori New record | Khew (2014)
12 | Prioneris philonome themana New record | Khew (2014)
13 | Prosotas aluta nanda New record | Khew (2014)
14 | Prosotas lutea sivoka New record | Khew (2014)
15 | Salanoemia tavoyana New record | Khew (2014)
16 | Saletara panda distanti New record | Khew (2014)
17 | Symbrenthia hippoclus selangoraj New record | Khew (2014)
18 | Celaenorrhinus asmara asmara | Rediscovery| Khew (2014)
19 | Pareronia valeria lutescens Rediscovery| Khew (2014)
20 | Potanthus trachala tytleri Rediscovery| Khew (2014)
21 | Troides amphrysus ruficollis Rediscovery| Khew (2014)
22 | Vagrans sinha sinha Rediscovery| Khew (2014)
Baseline| 295 species Khew (2014)
Beetles
S/IN Species name Status Source
1 | Hydraena hendrichi New species| Jach et al.Z013)
2 | Hydraena michaelbalkei New species| Jach et al. (2013)
3 | Hydraena paulmoritz New species| Jach et al. (2013)
4 | Hydraena singaporensis New species| Jach et al. (2013)
5 | Hydraena yangae New species| Jach et al. (2013)
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6 | Aulacochthebius asiaticus Newrecord | Jach et al. (2013)

7 | HydraenaHydraenopsisformula | New record | Jach et al. (2013)

8 | HydraenaHydraenopsigacobsoni| New record | Jach et al. (2013)

9 | Catharsius molossus Rediscovery| Ong et al. (2013)

Baseline| Estimated 10,000 species Ng et & (2011)
Dipterans
S/N Species name Status Source

1 | Chersodromia sylvicola New species| Grootaert & Shamshev (2012)
2 | Crossopalpus temasek New species| Grootaert & Shamshev (2012)
3 | Drapetis bakau New species| Grootaert & Shamshev (2012)
4 | Chersdromia bulohensis New species| Grootaert & Shamshev (2012)
5 | Chersodromia glandula New species| Grootaert & Shamshev (2012)
6 | Chersodromia malaysiana New species| Grootaert & Shamshev (2012)
7 | Drapetis hutan New species| Grootaert & Shamshev (2012)
8 | Drapetis laut New species| Grootaert & Shamshev (2012)
9 | Drapetis mandai New species| Grootaert & Shamshev (2012)

10 | Drapetis pantai New species| Grootaert & Shamshev (2012)

11 | Elaphropeza chanae New species| Grootaert & Shamshev (2012)

12 | Elaphrogza collini New species| Grootaert & Shamshev (2012)

13 | Elaphropeza gohae New species| Grootaert & Shamshev (2012)

14 | Elaphropeza kranjiensis New species| Grootaert & Shamshev (2012)

15 | Elaphropeza lowi New species| Grootaert & Shamshev (2012)

16 | Haphropeza semakau New species| Grootaert & Shamshev (2012)

17 | Elaphropeza shufenae New species| Grootaert & Shamshev (2012)

18 | Nanodromia hutan New species| Grootaert & Shamshev (2012)

19 | Nanodromia spinulosa New species| Grootaert & Shamshev (2012)

20 | Nepalomyia negrobovi New species| Grootaert (2013)

21 | Nepalomyia priapus New species| Grootaert (2013)

22 | Nepalomyia singaporenis New species| Grootaert (2013)

23 | Nepalomyia spinata New species| Grootaert (2013)

24 | Nepalomyia temasek New species| Grootaet (2013)

25 | Nepalomyia yangi New species| Grootaert (2013)

26 | Platypalpus singaporensis New species| Grootaert & Shamshev (2012)

27 | Pontodromia pantai New species| Grootaert & Shamshev (2012)

28 | Stilpon arcuatum New species| Grootaert & Shamshev (2012)

29 | Stilpon neesoonensis New species| Grootaert & Shamshev (2012)

30 | Stilpon nigripennis New species| Grootaert & Shamshev (2012)

31 | Stilpon singaporensis New species| Grootaert & Shamshev (2012)

32 | Stilpon weilingae New species| Grootaert & Shamshe{2012)

Baseline| Estimated 91&pecies Ng et al. (2011)
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Hymenopterans

S/N Species name Status Source
E_upetersia(N_esoeupetersDa | Pauly (2012)
1 | singaporensis New species
2 | Polistes tenebricosus New record | Lee, J. X. Q. (2013), pers. comm. 28 O
Polybioides raphigastra Extinct Lee, J. X. Q. (2013), pers. comm. 28 O
Baseline| Estimated 540 species Ng et al. (2011)
Myriapods
S/N Species name Status Source
Baseline| 55 species Decker (2013)
Odonates
S/IN Species name Status Source
1 | Acrogomphus malayanus New record | Ngiam, W. J. (2014), pers. comm. 6 Fe
2 | Agriocnemis minima New record | Ngiam, W. J. (2014), pers. comm. 6 Fe
3 | Amphicnemis bebar New record | Ngiam, W. J. (2014), pers. comm. 6 Fe
4 | Archibasis rebeccae New record | Tanget al. (2010)
5 | Burmagomphus arthuri New record | Ngiam, W. J. (2014), pers. comm. 6 Fe
6 | Coeliccia didyma New record | Tang et al. (2010)
7 | Echo modesta New record | Ngiam, W. J. (2014), pers. comm. 6 Fe
8 | Libellago lineata New record | Tang et al. (2010)
9 | Macromia cincta New record | Tang et al. (2010)
10 | Macromia cydippe New record | Tang et al. (2010)
11 | Mortonagrion arthuri New record | Tang et al. (2010)
12 | Oligoaeschna foliacea New record | Tang et al. (2010)
13 | Teinobasis cryptica New record | Ngiam, W J. (2014), pers. comm. 6 Feb
14 | Vestalis gracilis New record | Ngiam, W. J. (2014), pers. comm. 6 Fe
15 | Zyxomma obtusum New record | Ngiam, W. J. (2014), pers. comm. 6 Fe
Baseline| 112 species NormaRashid et al. (2008)
Orthopterans
S/N Species nam Status Source
1 | Asiophlugis temasek New species| Gorochov & Tan (2011)
2 | Glenophisis singapura New species| Tan (201B)
3 | Gryllotalpa nymphicus New species| Tan (2013)
4 | Gryllotalpa wallace New species| Tan (2013)
5 | Jambiliara selita New species| Ingrisch & Tan (2012)
6 | Lebinthus luae New species| Robillard & Tan (2013)
7 | Micrornebius kopisua New species| Tan & Ingrisch (2013)
8 | Nahlaksia bidadari New species| Ingrisch & Tan (2012)
9 | Ornebius insculpta New species| Tan & Ingrisch (2013)
10 | Omebius tampines New species| Tan & Robillard (2012)
11 | Oxylakis singaporensis New species| Ingrisch & Tan (2012)
12 | Phaloria jerelynae New species| Gorochov & Tan (2012)
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13 | Singapuriola separata New species| Gorochov & Tan (2012)
14 | Svistella chekjaa New species| Tan & Robillard (2012)

15 | Trellius neesoon New species| Gorochov & Tan (2012)
16 | Tremellia timah New species| Gorochov & Tan (2012)

17

Gonistacf. bicolor

New record

Tan & Wang (2012)

18

Asiophlugis thaumasia

Rediscovery

Tan (2011)

Baseline| Estimated 200 species Ng et al. (2011)
Spiders
S/N Species name Status Source

1 | Telema fabata New species) Wang & Li (2010)
2 | Argiope catenulata New record | Koh & Leong (2013)
3 | Calapnita phyllicolla New record | Huber (2011)
4 | Cosmophasis lam New record | Zabka & Waldock (2012)
5 | Eriovixia pseudocentrodes New record | Koh & Leong (2013)
6 | Fecenia protensa New record | Bayer (2011)
7 | Gamasomorpha insomnia New record | Eichenberger et al. (2012)
8 | Gamasomorpha squalens New record | Eichenberger eal. (2012)
9 | Hamataliwa incompta New record | Koh & Leong (2013)

10 | Heliconilla globularis New record | Dankittipakul et al. (2012)

11 | Hersilia deelemanae New record | Koh & Leong (2013)

12 | Hersilia sumatrana New record | Koh & Leong (2013)

13 | Heteropoda boie New record | Koh & Leong (2013)

14 | Ischnothyreus peltifer New record | Platnick et al. (2012)

15 | Janula triangularis New record | Yoshida & Koh (2011)

16 | Lipocrea fusiformis New record | Koh & Leong (2013)

17 | Mallinella allorostrata New record | Dankittipaku et al. (2012)

18 | Miagrammopes oblongus New record | Koh & Leong (2013)

19 | Micropholcus fauroti New record | Huber (2011)

20 | Orsima ichneumon New record | Koh & Leong (2013)

21 | Pholcus kohi New record | Huber (2011)

22 | Prethopalpus pahang New record | Baehr e al. (2012)

23 | Prethopalpus schwendingeri New record | Baehr et al. (2012)

24 | Theridion zebrinum New record | Koh & Leong (2013)

25 | Uthina luzonica New record | Huber (2011)

26 | Workmania botuliformis New record | Dankittipakul et al. (2012)

Baseline| 399 speies Court, D. J. (2009), pers. comm. 6 Oct
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Other nvertebrates

Crustaceans
S/N Species name Status Source
1 | Leelumnus radium New species| Mendoza & Ng (2011)
2 | Synidotea poorei New species| Cai & Teo (2012)
3 | Tritodynamia yeoi New species| Naruse& Ng (2010)
4 | Cirolana willeyi New record | Cai & Teo (2012)
5 | Heteropilumnus sasekumari New record | Lee & Ng (2012)
6 | Notopus dorsipes New record | Low & Tan (2012)
7 | Sphaeroma walkeri New record | Cai & Teo (2012)
8 | Harrovia longipes Rediscovery| Tan(2012)
Baseline| Estimated 1000 + species Ng et al. (2011)
Molluscs
S/IN Species name Status Source
1 | Amphidromus atricallosus temase New species Tan& Chan et al(2011)
2 | Babylonia spirata New record | Tan & Low (20113
3 | Falcidensp. New record | Ang & Tan (2013)
4 | Glossocardia obesa New record | Tan & Low (2013a)
5 | Pomacea maculata New record | Ng et al. (2014)
6 | Solenogastresp. New record | Ang & Tan (2013)
7 | Verpa penis Rediscovery| Tan & Tan et al. (2011)
Hippopus hippopus Extinct Neo & Todd2012)
Baseline| 1284 species Tan & Woo (201Q0Wong (2011)
OctocoralliaSoft Corals- Gorgonians)
S/N Species name Status Source
1 | Cladiella hartogi New species| Benayahu & Chou (2010)
2 | Sinularia choui New species| Benayahu & Ofwegen (2011)
3 | Helopora coerulea New record | Benayahu & Chou (2010)
4 | Briareum excavatum New record | Benayahu & Chou (2010)
5 | Cladiella pachyclados New record | Benayahu & Chou (2010)
6 | Lobophytum crassum New record | Benayahu & Chou (2010)
7 | Lobophytum pauciflorum New record | Benayahu & Chou (2010)
8 | Lobophytum sarcophytoides New record | Benayahu & Chou (2010)
9 | Sansibia flava New record | Benayahu & Chou (2010)
10 | Sarcophyton crassocaule New record | Benayahu & Chou (2010)
11 | Sarcophyton ehrenbergi New record | Benayahw& Chou (2010)
12 | Sarcophyton glaucum New record | Benayahu & Chou (2010)
13 | Sarcophyton tenuispiculatum New record | Benayahu & Chou (2010)
14 | Sarcophyton trocheliophorum New record | Benayahu & Chou (2010)
15 | Sinularia abrupta New record | Benayahu & Giu (2010)
16 | Sinularia acuta New record | Benayahu & Ofwegen (2011)
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17 | Sinularia brassica

New record

Benayahu & Chou (2010)

18 | Sinularia capillosa

New record

Benayahu & Chou (2010)

19 | Sinularia compressa

New record

Benayahu & Chou (2010)

20 | Sinulara depressa

New record

Benayahu & Chou (2010)

21 | Sinularia erecta

New record

Benayahu & Chou (2010)

22 | Sinularia exilis

New record

Benayahu & Chou (2010)

23| Sinularia gibberosa

New record

Benayahu & Chou (2010)

24 | Sinularia hirta

New record

Benayaln & Chou (2010)

25 | Sinularia lochmodes

New record

Benayahu & Chou (2010)

26 | Sinularia maxima New record | Benayahu & Ofwegen (2011)
27 | Sinularia microclavata New record | Benayahu & Chou (2010)
28 | Sinularia molesta New record | Benayahu & Ofwegen (2011)
29 | Sinularia polydactyla New record | Benayahu & Ofwegen (2011)
30 | Sinularia triangula New record | Benayahu & Chou (2010)
31 | Sinularia verseveldti New record | Benayahu & Ofwegen (2011)
32 | Studeriotes spinosa New record | Benayahu & Chou (2010)

Baseline| 31 species

Goh & Chou (1996)

Hard Corals
S/N Species name Status Source
Baseline| 255 species Huang et al. (2009)
Ascidians
S/N Species name Status Source

1 | Ascidia gemmata New record | Lee et al. (2013)

2 | Herdmania pallida New record | Lee et al.Z013)

3 | Lissoclinum timorense New record | Su et al. (2013)
4 | Phallusia arabica New record | Lee et al. (2013)
5 | Phallusia nigra New record | Lee et al. (2013)
6 | Polycarpa argentata New record | Lee et al. (2013)

7 | Polycarpa aurita New record | Lee et al. (2013
8 | Polycarpa captiosa New record | Lee et al. (2013)
9 | Polycarpa olitoria New record | Lee et al. (2013)
10 | Pyura curvigona New record | Lee et al. (2013)
11 | Rhodosoma turcicum New record | Lee et al. (2013)
12 | Rhopalaea crassa New record | Lee et al. (2013)
13 | Styela canopus New record | Lee et al. (2013)

14 | Trididemnuncyclops New record | Su et al. (2013)
Baseline| 18 species Ng et al. (2011)
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Sponges

S/N Species name Status Source
Forcepia (Forcepia)
1 | vansoesti New species| Lim, De Voogd & Tan (2012
2 | Eunapius conifer New record | Lim & Tan (2013)
3 | Cliona patera Rediscovery| Lim, Tun & Gof2012)
Lim, De Voogd & Tag@08, 20092012,
Baseline| 225 species DeVoogd & Cleary (2009)

Echinoderms

S/N Species name Status Source
1 HoIoth_una(Stauropcua) New record | Teo et al. (2010)
fuscocinerea
Baseline| Estimated 120 species Ng et al. (2011)
Marine Mites
S/IN Species name Status Source
Baseline| 39 species Bartsch (2009)
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AnnexC-{ A Vv 3 | bdaréNf&y €hé Singapore Index on CitiéBiodiversity

¢tKS F2fft26Ay3 (FI06fSa LINPDARS Y2NB RSGIFIAfA 2y { A\
GKS {Ay3FILRNB LYRSE !aSNna alydzZdt F2N I O2YLX Si
https://www.cbd.int/authorities/doc/SingapordndexUserManual201407306en.pdf

Component 1: Native Biodiversity in the City

Indicator Raw value Score
1. Proportion of Natural Areas 29% 4
2. Connectivity Meases Mean Mesh Size 44
1599ha

3. Native Biodiversity in Builtp area (Birds) 30 birdspecies 2
4. Change in no. of vascular plapiecies 2145plant species NA
5. Change in no. of birgpecies 321bird species NA
6. Change in number of butterfgpecies 295Dbutterfly species | NA
7. Change in number of hard cosglecies 255hard coral species NA
8. Change in number of freshwater fispecies | 34fish species NA
9. Proportion of protected natural areas 4.7% 1
10. Proportion of invasive aligpecies (birds) | 3% 3

Component 2: Ecosystem Services

Indicator Raw value Score
11. Regulation of Quantity of Water 63.2% 2

12. Carbon Storage and Cooling Effect of 31.9% 3
Vegetation

13. Recreational Services Area of parks with 3

natural areas and
protected a secured
natural areas =
0.75ha/1000 persons
14. Number of formal educational visits per | 0.01visits/child/year | 0
child below 16 years to parks with natural are
or protected or secured natural areas per yea

QX
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https://www.cbd.int/authorities/doc/Singapore-Index-User-Manual-20140730-en.pdf

Component 3: Governance and ManagerehBiodiversity

Indicator Raw value Score

15. Budget Allocated to Biodiversity 0.6% 1

16. Number of Biodiversity Projects 79 projects 4

Implemented by the City Annually

17. Existence of Local Biodiversity Strategy an { A y 3 LJ2 NS Q| 4

Action Plan waslaunched in
September 2009 and
an update iurrently
being prepared.

18. Number of essential biodiversity related | 7 functions 4

functions that the city uses

19. Number of city or local government 10agencies 4

agencies involved in inteagency ceoperation

pertaining to biodiversity matters

20. Existence and state of formal or informal | Formal or informal 4

public consultation process pertaining to process exists as part

biodiversity related matters of the routine process
(e.g.: URA MastePlan
public @nsultation)

21. Number of agencies/private 66 partners 4

companies/NGOs/academic

institutions/international organisations with

which they city is partnering in biodiversity

activities, projects and programmes

22. Is biodiversity or nature awarenes<inded | Yeshbiodiversity or 4

in the school curriculum? elements of it are
included in the school
curriculum.

23. Number of outreach or public awareness | 1340 outreach or 4

events held in the city per year public awareness
events per year

8|! YYSE /Y 5S8SiGFAafta 2F {Ay3Il LI2NSQa

{

L

QX



AnnexD - References

Alexandra Health Syam, Corporate Communications Departme@013.A Healing Space: Creating
Biodiversity at Khoo Teck Puat Hospita Accessed July 10, 2015 from
https://www.ktph.com.sg/uploads/KTPH_EBook/files/assets/bddinl/index.html#15

Ang, A. H. F., 2010. Banded leaf monkeys in Singapore: preliminary data on taxonomy, feeding,
ecology, reproduction and population size. Master's thesis, NUS.

Ang, A. H. F., Srivasthan, A., Mdin, B. M., Ismail, M. R. B. & Meier, R., 2012. Low genetic
variability in the recovering urban banded leaf monkey population of Singapore. The Raffles
Bulletin of Zoology, 60(2): 5&894.

Ang, H. P. & Tan, S. K., 2013. New records of the Molluscan classes Caudofoveata and Solenogastres
in Singapore. Nature in Singap, 6: 148148.

Ang, W. F., Lok, A. F. S. L. & Tan, H. T. W., 2010. Rediscovery in SindRiparggafsimplicifrons
(Miq.) Becc. (Arecaceae). Nature in Singapore, 8383

Ang, W. F., Lok, A. F. S. L., Chong, K. Y. & Tan, H. T. W., 2010. Stattrébatidrdis Singapore of
Neoscortechinia sumatrensssMoore (Euphorbiaceae). Nature in Singapore, 3¢338.

Ang, W. F., Lok, A. F. S. L., Chong, K. Y., Yeo, C. K., Ng, B. Y. Q., Ng, P. X. & Tan, H. T. W., 2011.
EulophiaR. Br. ex Lindl. (Orchidacea#)Singapore. Nature in Singapore, 4: ¢396.

Ang, W. F., Lok, A. F. S. L., Chong, K. Y., Ng, B. Y. Q., Suen, S. M. & Tan, H. T. W., 2010. The
distribution and status in Singapore Rfibus moluccanus varangulosuKalkman (Rosaceae).
Nature in Singape, 3: 9%97.

Ang, W. F., Lok, A. F. S. L., Yeo, C. K., Angkasa, A., Ng, P. X. & Tan, H. T. W., 2012. Rediscovery of
Freycinetia javanicBlume (Pandanaceae) in Singapore. Nature in Singapore, &L2A2A.7

Ang, W. F., Lok, A. F. S. L., Yeo, C. K., Angkadlg, P. X.,, N&. Y. Q. & Tan, H. T. W., 2011
Rediscovery ofRenanthera elongataBlume) Lindl. (Orchidaceae) in Singapore. Nature in
Singapore, 4: 23801.

Ang, W. F., Lok, A. F. S. L., Yeo, C. K,, Tan, S. Y. & Tan, H. T. W., 2010. RedBmuiretyiwrh
aloifolium(Blume) Rchb.f. (Orchidaceae) in Singapore. Nature in Singapore 32321

Ang, W. F., Yeo, C. K., Lok, A. F. S. L., Angkasa, A., Ng, P. X., & Tan26iLZl.R&discovery of
Trichotosia velutingLodd. ex Lindl.) Kraenzl. (Orcgéae) in Singapore. Nature in Singapore 5:
199204.

Anon, 2010. Monkey shootings draw celebrity protests. In Peter Lim (Ed.), Chronicle of Singapore
Fifty Years of Headline News (pp109).

ASEAN Centre for Biodiversity, 2010. The ASEAN HePisage: Adurney to the Natural Wonders
of Southeast Asid.os Barfos, Laguna, Philippines. 310 pages

87| Annex D: References



Baehr, B., Harvey, M., Burger, M. & Thoma, M., 2012. The new Australasian globin spider genus
PrethopalpugAraneae, OonopidaeBulletin of the American Museum ofatural History369:
1-113.

Baker, N. & Lim. K., 2008. Wild Animals of Singapore: A Photographic Guide to Mammals, Reptiles,
Amphibians and Freshwater Fishes. Vertebrate Study Group, Nature Society (Singapore),
Singapore. Balke, M.L., Hendrich and Yé&nil., 1999.

Bartsch, I., 2009. Psammobiont Halacarid Mites (Acari: Halacaridae) from St. John's Island, Singapore
and remarks on the Halacarid Fauna of the M&ayinsula. The Raffles Bulletin of Zoology 22:
173201.

Bayer, S., 2011. Revision of the pdewrbweavers of the genu&eceniaSimon, 1887 (Araneae,
Psechridae), with emphasis on their prpigyne.ZooKey453: 156.

Benayahy Y. & Chou,L. M.,2010. On some Octocorallia (Cnidaria: Anthozoa: Alcyonacea) from
Singapore, with a description of a néadiellaspecies.The Raffles Bulletin of Zoology, 58: 1
13.

Benayahy Y. & van Ofwegen,L. P.,2011. New species of the genuSinularia (Octocorallia:
Alcyonacea) from Singapore, with notes on the occurrence of other species of the gaerus.
Raffles Blletin of Zoology, 59: 1X225.

Brook, B. W., Sodhi, N. S. & Ng, P. K. L., 2003. Catastrophic extinctions follow deforestation in
Singapore. Nature, 424: 42423.

Cai, A., 2010. Rare deer knocked down by car onTBkeEStraits Timeg. March 2010.

Cai, Y.& Teo, S. L. M., 2013Bynidotea pooreia new isopod from the fouling community in
Singapore waters (Valvifera, Idoteidae). Memoirs of Museum Victoria 642237

Chivian, E. & Bernstein, A. (eds.), 2008. Sustaining Life: How Human Health Depends/ersiBjo
New York, Oxford University Press.

Chong, KY., Tan, HT. W. & Corlett, RT., 2009 A Checklist of the Total Vascular Plant Flora of
Singapore: Native, Naturalised and Cultivated Species, Raffles Museum of Biodiversity Research,
Singapore.

Clong, V. C., 2006ustainable utilization and management of mangrove ecosystems of Malaysia
Aquatic Ecosystem Hl#h & Management, 9(2): 24260.

Chou,L.M.,200& F NAYS |1 FoAdFda Ay hyS .ImFwolakss E2(&@Ne RQa . dz
Envirmment in Asia Pacific Harboupringerthe Netherlandspp. 37#391.

Chua, M. A. H., Baker, N., Yeo, R. & Sivasothi, N., 2013. New locality records of two species of flying
squirrels (mammalia: rodentia: sciuridae) in the Central Catchment Nature ResedvBukit
Batok Nature Parkature in Singapore, 6: 3205.

88| Annex D: References



Clay, R. A., 2001. Green is good for you. Monitor on Psycholo@4). 320. Retrieved from
http://www.apa.org/monitor/aprOl/greengood.aspx

Corbet, A. S. & Pendlebury, H. M., 1992. The Butterflies of the Malay Peninsula. 4th Edition revised
by Eliot, J. N. Malayan Nature Society, Kuala Lumpur.

Corlett, R., 2013. Singapore: Half Full or Half Empty? In: Sodhi, N. S., GibsahRayem P. H.
(eds.),Conservation Biology: Voices from the Trgpkisst Edition. John Wiley & Sons, Ltd. Pp.
142-147.

Daily Telegraph, 1914. A London Oyster House. The Singapore Shé&le Bingapore Free Press
and Mercantile Advertiser (1884942, 12 February 1914.
http://newspapers.nl.sg/Digitised/Article/singfreepressb19140212.2.3.as(ccessed 4 Apr
2014

Dankittipakul, P., Jocqué, R. & Singtripop,2012. Systematics and biogeography of the spider
genusMallinellaStrand, 1906, with descriptions of new species and new genera from southeast
Asia (Araneae, Zodariida@ootaxa3369:1-327,3395:46.

De Voogd, N. & Cleary, D. F. R., 2009. VariatiorSjponge Composition among Singapore Reefs.
TheRaffles Bulletin of Zoologyupplement no. 22: 587.

Decker, P., 2013. Annotated Checklist of the Millipedes (Diplopoda) and Centipedes (Chilopoda) of
Singapore. Raffles Museuaf Biodiversity Research, Natial University Singapore, Singapore.
29 pp. Uploaded 12 Jun 2013.
http://rmbr.nus.edu.sg/raffles_museum_pub/myriapods_checklist _singapore.pdf

Eichenberger, B., KraBaltensperger, Y., Ott, R., Graber, W., Nentwig, W. & Kropf., C., 2012.
Morphology of new Indian/IndonesidBamasomorpha andXestaspispecies (Araneae:
Oonopidae)Zootaxa3160:1-68.

Feng, Z.2013. Monkey complaints up, so culling rises too. ThatStfames. July 28th 2013.

Figueroa,A., & Selveindran,P. M., 2011. A new locality for the thorny bush frogheloderma
horridum Boulenger (Amphibia: Anura: Rhacophoridae) in Singapgdaéure in Singapore, 4:
259%262.

Fleming, W. A., 1975. Butterflies\West Malaysia and Singapore (2 vols). Longmans, Kuala Lumpur.

FriessD. A. PhelpsJ.,LeongR. C.Lee,W. K. Wee,A. K. SSivasothiN, Oh R. R. Y& Webh E. L.,
2012. Mandai mangrove, Singapore: lessons for the conservation of Southeast Asia's
mangrovesTheRaffles Bulletin of Zoology S25;65.

Froese, R. & Pauly, D. Editors. 2014. FishBase. World Wide Web electronic publication.
www.fishbase.org, version (02/2014Accessed 2Mar 2014

Goh, N. K. C. & Chou, L. M., 1996 Annotated Chedist of the GorgonianfAnthozoa: Octocorallia)
of Singaporewith a Discussion of Gorgonian Diversitythe IndeWest PacificThe Raffles
Bulletin of Zoology4 (2): 435459.

89| Annex D: References


http://www.apa.org/monitor/apr01/greengood.aspx
http://newspapers.nl.sg/Digitised/Article/singfreepressb19140212.2.3.aspx
http://rmbr.nus.edu.sg/raffles_museum_pub/myriapods_checklist_singapore.pdf

Gorochov, A. V. & Tan, M. K., 2011. New katydids of the gksiaphlugisGorachov (Orthoptera:
Tettigoniidae: Meconematinae) from Singapore and Malaysia. Russian Entomological Journal,
20(2): 12¢133.

Gorochov, A. V. & Tan, M. K., 2012. New crickets of the subfamilies Phaloriinae and Pteroplistinae
(Orthoptera: Gryllidae) from Siagore. Zootaxa, 3525: ¢84.

Grootaert, P. & Shamshev, 1.V. 2012. The-fashing flies (Diptera, Hybotidae, Tachydromiinae) of
Singapore and adjacent regions. European Journal of Taxonomy d:62.1
http://dx.doi.org/10.5852/ejt.2012.5

Grootaert, P., 20L.3New NepalomyiaHollis (Diptera : Dolichopodidae) from Singapore and South
Malaysia. The Raffles Bulletin of Zoology 61.¢108.

Gumert, M. D.2011. The common monkey of Southeast Asia: H#taitgd macaque populations,
ethnophoresy and their occurrenée human environments. In Gumert, M. D., Fuentes, A. and
JonesEngel, L. (Eds), Monkeys on the edge: Ecology and management-tdiledgnacaques
and their interface with humans (pp-84). Cambridge: Cambridge University Press.

Hardwicke, T., 1820. Meeg of the Asiatic Society June 1820. Literal and philosophical intelligence.
The Asiatic Journal, 9: 586.

Hardwicke, T., 1822. Description of a zoophyte, commonly found about the coasts of Singapore
Island, with a plate. Asiatic Researches, 14180

Hassan Ibrahim, Leong, P. K. F., Yam, T. W. & Lua, H. K., 2011. The rediscovery of the ground orchid
Dienia ophrydigJ. Konig) Seidenf. (Orchidaceae) in Singapore. Nature in Singapore;3B7329

Ho, B. C., 2013 he liverwort genudlarchantial. (Marchaniophyta: Marchantiopsida) in Singapore,
with a new species record. Nature in Singapore, 65180.

Holttum, R.E, 1968. Flora of Malaya, vol. Il (Ferns). Second edition. Government Printing Office,
SingaporeCited by Tart al., 2014

Houart, R.,2011. Description oftwo New Species dflurex s.s. (Mollusca: Gastropoda: Muricidae)
from the Northern Indian Ocean. Breviora 52¢14.

Huang, D., Tun, IR.P., Chou, LM. & Todd, PA., 2009. An inventory of zooxanthellate scleractinian
corals in Singaporéncluding 33 new species recordehe Raffles Bulletin of Zoology S22:¢69
80.

Huang, H. F., 2011, 30 April. Tampines Eco Green Park: Sign of green times. The Straits Times.
http://wildsingaporenews.blogspot.sq/2011/04/tampinesco-greenpark-signof-
green.html#.VWO9EFWqpH&ccessed 2 June 2015)

Huber, B. A., 2011. Revision and cladistic analysRhofcusand closely related taxa (Araae,
Pholcidae)Bonner Zoologische Monographi&8: 1¢ 509.

90| Annex D: References


http://wildsingaporenews.blogspot.sg/2011/04/tampines-eco-green-park-sign-of-green.html#.VW09EFWqpHx
http://wildsingaporenews.blogspot.sg/2011/04/tampines-eco-green-park-sign-of-green.html#.VW09EFWqpHx

Ingrisch, S. & Tan, M. K., 2012. New taxa of Agraeciini (Orthoptera: Tettigoniidae: Conocephalinae)
from Singapore and Malaysia with a review of the gedambiliara The Raffles Bulletin of
Zodogy, 60(1): 13q155.

International Coastal Cleanup Singapanedated.
http://coastalcleanup.nus.edu.sg/aboutcleanup.ht(ccessed 26 ARP15)

Jaafar, Z. & Ng, D., 2012. New record loé bluetailed dartfish, Ptereleotris hanagTeleostei:
Ptereleotridae) in Singapore. Nature in Singapore, 5¢389.

Jaafar, Z , S23X 5®X ¢l yX | & | Status of euarhe AR insgfile nond a d X
indigenous species in Singapofide RaffleBulletin of ZoologgupplementNo. 25: 7§92.

Jach M. A., Diaz, J. A. & Skale, A., 201%: Hydraenidae (Coleoptera) of the Republic of Singapore
The Raffles Bulletin of Zoology 61(1)cB3.

Khew, C., 2015. Algae study to shed light on fish deatlesSTraits TimesL0 April

Khew, S. K.2014. Singapore Butterfly Checklishttp://www.butterflycircle.org/sgchecklist.htm
(Accessed 2Beb2014)

Khor, KK., 2009. The Nature Society (Singapo
http://eresources.nlb.gov.sg/infopedia/articles/SIP_1437 2@¥919.html(Accessed 26 Aug
2015)

Koh, J. K. H and Leong, T. M. 2@&i8diversity in the Heart of@neo: Spiders of Brunei Darussalam
Natural History Publications (Borneo), Kota Kinabalu. 357 pp.

Kwan, I. W. M., 2010 heartbreaking sight on Tanah Merarhe Lazy Lizard tales post, dated 29
May 2010. http://lazy-lizardtales.blogspot.sg/2010/05/heartbreakirgighton-tanah
merah.htm|

Lai, J., 201Athyrium accedendNew botanical record for Singapore. Nature Watch, 18220

Lane, D. J. W. & van d8piegel, D., 2003. A Guide to Sea Stars and Other Echinoderms of Singapore.
Singapore: Singapore Science Centre. 187 pp.

Lee, B. P. ¥H. & Chan, $2011. Lessons and challenges in the management ofthkilegl macaques
in urban Singapore. In Gumert, M., Buentes, A. and Jon&ngel, L. (Eds), Monkeys on the
edge: Ecology and management of leaged macaques and their interface with humans (pp.
307-313). Cambridge: Cambridge University Press.

Lee, B. Y. & Ng, N. K., 2012. New record of the mangrabeHteteropilumnus sasekumgserene,
1971) (Crustacea: Brachyura: Pilumnidae) from Singapore. Nature in Singaporg®: 57

Lee, S. €., Teo, S.-M. and Lambert, G., 2013. New records of solitary ascidians on artificial
structures in  Singapore  waters. Marine  Biodiversity =~ Records, 6, €93
doi:10.1017/S1755267213000638.

91| Annex D: References


http://coastalcleanup.nus.edu.sg/aboutcleanup.html
http://www.butterflycircle.org/sgchecklist.htm
http://eresources.nlb.gov.sg/infopedia/articles/SIP_1437_2009-02-19.html
http://lazy-lizard-tales.blogspot.sg/2010/05/heartbreaking-sight-on-tanah-merah.html
http://lazy-lizard-tales.blogspot.sg/2010/05/heartbreaking-sight-on-tanah-merah.html

Leong, C. Y. Swundated Introduction to Bloom Species in Singapore and its vicinity.
http://ioc westpac.org/files/upload_manual/Lecture2 BlmSpecies Sandric.pdf

Leong, P. K. F. & Yam, T. W. 2013. The rediscovestaéria obliquan Singapore. Malesian Orchid
Journal 12: 228.

Leong, T. M., and Lim, K. K. P., 2011. Occurrence of Gunther'siftagana guenther(Amphibia:
Anura: Ranidae) in Singapore. Nature in Singapore, 41435

Leong~ {1 2 N A 6 | 2 Qostls ludamuSianabmvasord Gardenwise 41: 31.

Lim, F. L. K., 200Asthenodipsas laevi§Reptilia: Squamata: Pareatidae), a lemarecord for
Singapore that was almost forgotteNature in Singapore: 463,465

Lim, K. K. P. & Cheong, L. F., 20khdrelaphis haagReptilia: Squamata: Colubridae), a new snake
record for SingaporeNature in Singaporel: 9¢12.

Lim K. K.P.&L¢gAZ ¢d adI HamMnd bSg NDOORMNRs g FingapsteS | 2 NA
Singapore Biodiversity Records. 2014:-108

Lim, N. IL. & Ou Yang, X., 2012. Occurrence of the Malay Givetra tangalungain Singapore.
Nature in Singapore 5: 781.

Lim, R. C. J., Ng, X. Y., Leong, P. K. F., Kurzweil, H., Duistermaat, H., Chung, Y. F., Chen, J., Yeoh, Y. S. &
Tan, H. T. W., 201&Rediscovery in Singapore ¥fydagzynea lancifoli®idl. (Orchidaceae)
Nature in Singapore: 1¢7.

Lim,SC., Tun,K. @8 D2KX 9®3 HAnMH® wWSRAZAO2OSNE 2Giond KS bSL
or Poterior? In Contributions to Marine Scienc&ropical Marine Science Institute, Singapore,
168 pp. http://www.tmsi.nus.edu.sg/files/05_Lim_Pg%2&®@pdf Accessed 2Mar 204.

Lim, SC.,DeVoogd N. J.& Tan,K. S.2008. A Guide to Sponges of Singapore. Singapore: Singapore
Science Centre. 173 pp.

Lim, S. C., De Voogd, N. J. & Tan, R089. Fouling Sponges (Porifera) on Navigation Buoys from
Singapore WaterslheRaffes Bulletin of Zoologgupplement no. 22: 458.

Lim, S. C., De Voogd, N. J. & Tan, K. S., 2012. Biodiversity of-sle#owgponges (Porifera) in
Singapore and description of a new speciesFofcepia(Poecilosclerida: Coelosphaeridae).
Contributions b Zoology 81(1): 531.

Lim S. C& Tan K. S.2013. A first record of freshwater sponge from Singapore and redescription of
Eunapius conifefAnnandale, 1916) (Haplosclerida: Spongillina: SpongillidE®®. Raffles
Bulletin of Zoology 61(2): 46359.

Lk, A. F. S. L., Tan,-K, Chong, K. Y., Le, T. P., & Tan, H. T. W. 2010. The distribution and ecology of
Cecropiaspecies (Urticaceae) in Singapore. Nature in Singapore 82299

Lok, A. F. S. L., Ang, W. F. & Tan, H. T. W., 2011a. The redisc@&diagapore ofPolystachya
concreta(Jacq.) Garay & H.R.Sweet (Orchidaceae). Nature in Singapore24: 19

92| Annex D: References


http://iocwestpac.org/files/upload_manual/Lecture2_BlmSpecies_Sandric.pdf

Lok, A. F. S. L., Ang, W. F. & Tan, H. T. W., 2011b. The status of in Singapsti@diis variegata
Bl. (Orchidaceae). Nature in Singapore, 4226

Lok, A. F. S. L., Ang, W. F. & Yeo, C. K., 2012. Redisc@aligstylis pulchellfLindl.) S. C. Chen &
Z. H. Tsi (Orchidaceae) in Singapore. Nature in Singapore,¢20205

Lok, A. F. S. L., Ang, W. F., Chong, K. Y. & Tan, H. T. W., 2010veéRediflcparis barbatalindl.
(Orchidaceae) in Singapore. Nature in Singapore, ;2817

Lok, A. F. S. L., Ang, W. F., Chong, K. Y., Yeo, C. K. & Tan, H. T. W., 2011. Rediscovery in Singapore of
Coelogyne rochussenie Vriese (Orchidaceae). Nature ingapore, 4: 4853.

Loo, A. H. B., 2011. Rediscovery in Singapor&atdcca affinisGriff. (Arecaceae). Nature in
Singapore, 4: 123 26.

Low, J. K. Y., 2013. More noteworthy fishes observed in the Singapore Straits. Nature in Singapore, 6:
31¢37.

Low, M.E. Y., 2012The date of publication dflionapaterad | I NRgA O1 S0 X ¢KS WalLkRy3
AK2NBa 2F {AYy3AFLRNBQ o0t 2NRAFSNIY | | RREYSNARLFY /

Low, M. E. Y. & Tan, S. K., 20lidtopus dorsipegLinnaeus) in Singape: First record of the
Brachyuran superfamily Raninoidea (Crustacea: Decapoda) on the Sunda Shelf. Nature in
Singapore, 5: X@5.

Mendoza, J. C. & Ng, P. K. L., 2@Eklumnus radiuma new genus and species of pilumnid crab
from marine encrusting commmities in Singapore (Crustacea: Decapoda: Brachyura:
Pilumnidae). Zootaxa, 2809: &&5.

Ministry of Education Singapore, 2010. Developing Skills and Values inPApdsher 24 Primary
Schools to Implement Programme for  Active Learning from 2011.
http://www.moe.gov.sg/media/press/2010/09/developingkillsandvalues.php (Accessed 26
Aug2015)

Ministry of the Environment and Water Resources and Ministry of Natiorakldpment, 2014.
Sustainable Singapore Blueprint 20&&vw.sustainablesingapore.gov.é§ccessed 7 Jul 2015)

Ministry of National Development, 2011. Speech by MimisfeState Tan Chuabin at the
Biodiversity of Singapore Symposium 2011.
http://app.mnd.gov.sg/Newsroom/NewsPage.aspx?ID=2947&category=Speech&year=2011&RA
1=&RA2=&RABAccessed oA Jun 2015)

Ministry of National Development, 2013. Land Use Plan, available at
http://www.mnd.gov.sg/landuseplan/(Accesse@3 Sept 2014

Ministry of National Development (MND), 2015. Media Factsheetlatgs on Tk Ubin Project
initiatives (Jun 2015).
http://app.mnd.gov.sg/Portals/0/Ubin%20Day%202015 Media%20Factsheet(pdtessed 3
July2015

93| Annex D: References


http://www.moe.gov.sg/media/press/2010/09/developing-skills-and-values.php
http://www.sustainablesingapore.gov.sg/
http://app.mnd.gov.sg/Newsroom/NewsPage.aspx?ID=2947&category=Speech&year=2011&RA1=&RA2=&RA3
http://app.mnd.gov.sg/Newsroom/NewsPage.aspx?ID=2947&category=Speech&year=2011&RA1=&RA2=&RA3
http://www.mnd.gov.sg/landuseplan/
http://app.mnd.gov.sg/Portals/0/Ubin%20Day%202015_Media%20Factsheet.pdf

Naruse, T. & Ng, P. K, 2010. A New SpeciesToftodynamiaOrtmann, 1894 (Decapoda, Brachyura,
Macrophthalmidae) from Singapore. Crustaceana, 83¢298.

blrdA2ylf t2LdAFdA2y FyR ¢+fSyd 5AQAaAA2YS t NAYS
A  Sustainable Singare ¢ Population White Paper, downloadable from
http://population.sg/whitepaper/resourcefiles/populationwhite-paper.pdf (Accessed 3Apr
2014)

National Universityof Singapore, 2013. NUS and STEP partner to groom future environmentalists.
http://news.nus.edu.sg/presseleases/703éusand-step-partner-to-groomfuture-
environmentalist{Accessed 25 Aug 2015).

Nature Society (Singapore), 2010. The Green Corridor: A Proposal to Keep the Railway Lands as a
Continous[sid Green Corridor.http://nss.org.sg/documents/TheGreenCorridor101103.pdf
(Accesse® Jun 2015)

Nature Society (Singapore), 2013. Discussion and position paper on the-Islaoss Line.
http://www.nss.org.sg/documents/(NSS)%20Crsiand%20Line%20Position%20Paper. pdf
(Accessed Bpr 2014

Nature Society (Singaporejpdated.Sungei Pandan Habitat Creation with SWCDC One Million Tree
Planting Programméhttp://www.nss.org.sg/project.aspx?idsAccessed 9 June 2015)

Nature Society (Singapore) Bird Group Records Conenit&l3 Checklist of the Birds of Singapore.

Nature Society (Singapore) Vertebrate Study Group, 20Chekklist of the Freshwater Fishes,
Amphibians, Reptiles and Mammals of Singapore.
http://www.nss.org.sg/documents/VSG%20checklist%20revised(pdtessed 3 Ma&2014)

Neo, L.Yee, A. T. K., Chong, K. Y. & Tan, H. T. W., 2014. The Vascular Plant Flora of Upper Thomson
Forest. Nature in Singapore 7:-68.

Neo, L., Yee, A. T. K., Chong, K. Y., Zeng, T. C. & Tan, H. T. Whe®H3cular Plant Flora of
Abandoned Plantations iBingapordll: Lentor ForestNature in Singaporé: 113;124.

Neo, M. L.2012.A review of three alien parrots in Singapokature in Singaporg: 241,248

Neo, M. L. & Todd, P. A., 2012. Giant clams (Mollusca: Bivalvia: Tridacninae) in Singapoye: Histor
Research and ConservatidrheRaffles Bulletin of Zoology, 25:@8.

Neo, M. L. & Todd?. A.2013. Conservation status reassessment of giant clams (Mollusca: Bivalvia:
Tridacninae) in Singapore. Nature in Singapore, 6¢125.

Ng, H. H., 2012ZTheariid catfishes of Singapore. Nature in Singapore 5¢222

Ng, DJ J, McGowan, PJ K, Raghavan,.RCai, ¥ Cumberlidge, N Davison, GLuz, S& Yeo, DC
J, 2015. Conservation Strategy for the Singapore freshwatab Johora singaporensis
Singapore, 19 pp.

94| Annex D: References


http://population.sg/whitepaper/resource-files/population-white-paper.pdf
http://news.nus.edu.sg/press-releases/7036-nus-and-step-partner-to-groom-future-environmentalists
http://news.nus.edu.sg/press-releases/7036-nus-and-step-partner-to-groom-future-environmentalists
http://nss.org.sg/documents/TheGreenCorridor101103.pdf
http://www.nss.org.sg/documents/(NSS)%20Cross-Island%20Line%20Position%20Paper.pdf
http://www.nss.org.sg/project.aspx?id=4
http://www.nss.org.sg/documents/VSG%20checklist%20revised.pdf

