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Diversity and distribution of intertidal marine species in Singapore

Lionel Jian Wei Lim'#, Joseph Boon Yeow Loh'#, Aloysius Jin Shen Lim!, Beryl Ying Xin Tan', Yin
Cheong Aden Ip?, Mei Lin Neo??, Ria Tan* & Danwei Huang>*"*

Abstract. Singapore, located within the biodiverse tropical Southeast Asia, hosts a high diversity of living species,
including those thriving in marine habitats such as corals reefs, seagrass meadows, as well as rocky and sandy
shores. While its dramatic transformation in the last 200 years has resulted in the loss of natural habitats and their
associated marine species, coastal flora and fauna appear to be persisting. Research on the spatial variation of local
marine biodiversity remains limited in geographic and taxonomic coverage. In this study, we consolidated existing
data on species richness of 27 intertidal sites in Singapore obtained by researchers and citizen scientists since the
year 2000, and performed diversity and community analyses to characterise spatial patterns in species richness and
composition around its shores. Our dataset contains a total of 994 intertidal marine species comprising macroflora,
macrofauna, and macroalgae, and analyses show that sites along the Johor Straits in the north and Singapore Strait
in the south are not significantly different in richness. When aggregated across sites, however, there are more species
in the south than in the north likely due to the wider range of habitat types along the Singapore Strait. Community
composition is also significantly different between northern and southern sites as a result of these distinct habitats.
Interestingly, hardening of the shoreline, especially along the southeastern coast, have created novel habitats for
coral and coral-associated communities to develop. Better understanding of these diversity drivers will help scientists
and resource managers prioritise intertidal areas and devise strategies for coastal conservation.
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INTRODUCTION

Singapore is situated in tropical Southeast Asia, a region
known to be the epicentre of marine species richness (Allen
& Werner, 2002; Hoeksema, 2007; Bellwood et al., 2012).
Apart from the large number of living species, the region also
hosts a high diversity of ecosystems (Chou, 1994; Morton &
Blackmore, 2001; Burke et al., 2002). Correspondingly, the
marine environment of Singapore consists of many different
types of habitats, including coral reefs found mainly at the
southern islands, seagrass meadows dispersed widely but
ephemerally on sandy shores, and mangrove forests scattered
largely along the northern coast with smaller patches in the
southern islands (Fig. 1) (Tan et al., 2016a). Altogether, 3,650
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shallow marine invertebrates, fishes, and plants have been
recorded in Singapore’s coastal waters (Wells et al., 2019),
including species described from here nearly two centuries
ago (Dana, 1846; Milne Edwards & Haime, 1849, 1851).

During the intervening years, Singapore’s natural landscape
had undergone a dramatic transformation mainly due to
its burgeoning population and development into a global
shipping hub (Chou et al., 2019). In particular, much of
the coastal areas—along the mainland and its surrounding
islands—have been heavily modified, resulting in the
destruction of many marine habitats and intensification of
chronic urbanisation stressors (Hilton & Manning, 1995;
Chou, 2006; Tay et al., 2018). For example, from 1922 to
1993, areas of coral reefs and mangroves were reduced by
nearly 50% and over 90%, respectively (Lai et al., 2015).
Consequently, local losses of marine species are apparent
(e.g., Huang et al., 2009; Neo & Todd, 2012a; Yip et al.,
2018; Poquita-Du et al., 2019).

Despite these impacts, coastal flora and fauna appear to be
persisting, accompanied by a greater understanding of local
marine biodiversity driven by the increased sampling and
observational efforts over the last two decades (Tan et al.,
2016a; Wells et al., 2019). While much of the research has
been focused on more well-known organisms such as corals
(Huang et al., 2009; Wong et al., 2018; Chow et al., 2019;
Ng et al., 2019) and fishes (Low & Chou, 1994; Low et al.,
2009; Low, 2013), intensive sampling campaigns such as the
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Comprehensive Marine Biodiversity Survey (CMBS) during
2010-2015 (Tan et al., 2015, 2016b) as well as sustained
surveys by citizen scientists (Fautin et al., 2009; Oh et al.,
2019) have contributed numerous valuable biodiversity
observations. Although many surveys have been conducted
to document the richness of marine flora and fauna around
Singapore, there has been hardly any analysis focusing on the
spatial variation of species richness with a broad geographic
and taxonomic coverage. Such research aiming at generating
insights into the spatial correlates of biodiversity will help
scientists and resource managers prioritise intertidal areas and
devise strategies for coastal conservation and management.

Currently, large numbers of species records are available to
conduct more spatially and taxonomically expansive studies,
especially for intertidal environments which consist of the
most accessible marine sites. These data may be derived
from published data, grey literature, as well as unpublished
observations. In particular, there exist nearly two decades’
worth of observational data for hundreds of marine species
contributed by numerous researchers and citizen scientists,
which are available as the Wild Fact Sheets (WildSingapore;
http://www.wildsingapore.com/wildfacts; Fautin et al.,
2009; Oh et al., 2019). This rich resource has neither been
analysed nor integrated with published scientific data to more
precisely estimate the marine biodiversity of Singapore. More
generally, existing intertidal biodiversity studies in Singapore
are limited to the characterisation of a few major groups of
marine species at spatially-restricted scales (e.g., Huang et
al., 2006a, b; Lee et al., 2009a, b; 2012; Tan & Yeo, 2010;
Yaakub et al., 2013).

We here aim to compile, verify, and analyse the species
records in the Wild Fact Sheets resource to better understand
the spatial distribution of intertidal marine species in
Singapore. Specifically, we seek to identify the differences
in species diversity among sites, such as between northern
(Johor Straits) and southern (Singapore Strait) coasts. Due
to a greater range of habitat types in the latter, particularly
with the structurally complex coral reefs adjacent to the
southern islands (Tan et al., 2016a; Wong et al., 2018; Chou
et al., 2019), it is expected that the southern sites will be
more species-rich and compositionally distinct compared
to sites along the northern shores. Our comparisons show
that community composition, but not species richness, is
statistically different between the northern and southern sites,
with the variations broadly attributable to dissimilarities in
habitat types and environmental patterns.

MATERIAL AND METHODS

We consolidated diversity and distributional data which were
contributed by numerous researchers and citizen scientists,
who made observations of marine species at 27 intertidal
sites—10 northern (Johor Straits) and 17 southern (Singapore
Strait) (Fig. 1)—between 2000 and 2018 (e.g., Oh et al.,
2019). The data were obtained through approximately 40
field trips made annually, with each intertidal site visited
at least once per year mostly by citizen scientists and
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occasionally joined by professional researchers. During
each site visit, a minimum of two observers walk the entire
expanse of the intertidal area for 1.5-3.0 hours, depending
on the tidal range of the day. Macroflora, macrofauna, and
macroalgae were recorded mainly by taking photographic
images of organisms, although later surveys generally focused
on the rarer and more interesting taxa. Observational data
were supported by the images uploaded onto the Wild Fact
Sheets database (http://www.wildsingapore.com/wildfacts).
The curation of images and sighting information after field
trips was performed only by R. Tan to ensure consistency.
For this study, the names of intertidal sites followed that
of the database.

Data were transcribed into separate spreadsheets according to
major taxa to record the presence and absence of each species
at the respective sites. Since many species were not listed
with formal taxonomic names, images linked to each species
record were reviewed based on morphology and verified
or reassigned to the correct identity where necessary, thus
ensuring that species recognition was consistent across all
observational records. Following species identity verification,
spreadsheets were combined into a community data matrix
for diversity analyses. Data are available at Zenodo (http://
dx.doi.org/10.5281/zenodo.3463489).

Species richness for each site was computed and compared
between the northern and southern sites using the Welch
t-test, following the Shapiro-Wilk test and F-test for normality
and homogeneity of variances, respectively, in R version 3.6
(R Core Team, 2013). Variation of community composition
between the northern and southern sites was examined using
non-metric multidimensional scaling (NMDS) with the
Jaccard distance measure (Jaccard, 1901), and tested using
analysis of similarities (ANOSIM) in the vegan package
version 2.5 (Oksanen et al., 2013).

RESULTS AND DISCUSSION

Our dataset consolidates a total of 994 intertidal marine
species (i.e., macroflora, macrofauna, and macroalgae) from
27 intertidal sites (Fig. 1). The most widespread species are
fishes, specifically the orange-spotted rabbitfish (Siganus
guttatus) and stripe-nosed haltbeak (Zenarchopterus buffonis)
which are present at all sites across both northern and southern
shores. The sites with the richest intertidal assemblages are
Pulau Semakau (SM) and Chek Jawa (CJ) with 520 and 487
species recorded respectively. By contrast, the sites with the
fewest species are Sungei Buloh (SB) and Lim Chu Kang
(LC), which host 69 and 20 species respectively (Fig. 2).
Although the four most species-poor sites are from the
north—including Sungei Buloh and Lim Chu Kang—and
the mean richness of northern sites (mean = 244 + SD 161)
is lower than that of southern sites (mean = 352 + SD 88),
their difference in richness is not significant (t = -1.96, d.f.
=12.2, p = 0.0732).

The range of richness values among northern sites (minimum
= 20, maximum = 487) is much larger than among the
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Fig. 1. Map showing coastal sites analysed in this study. Distribution of coral reefs, mangrove forests, and sand/mudflats shaded in purple,
red, and green, respectively, according to Lai et al. (2015).

southern sites (minimum = 193, maximum = 520) and are between 8 and 10 m (Sin et al., 2016), with the flow and
largely overlapping, thus explaining the negligible difference mixing of water limited among the northern sites due to the
detected. The large disparity in species richness in the north Johor-Singapore Causeway that was built across the Straits
is partly attributable to the relatively few marine species about a century ago (Bird et al., 2004; Friess et al., 2012).
recorded in the mangrove sites, Sungei Buloh and Lim Chu Restricted tidal currents as well as nourishment from sediment
Kang. Mangroves here are diverse ecosystems (Low et al., delivered into the Straits by large river systems in Johor and
1994; Ng & Low, 1994), but they are dominated primarily by Singapore (Friess et al., 2012; Phang et al., 2015; Sin et al.,
estuarine and terrestrial species (Ng & Sivasothi, 1999a, b; 2016) have resulted in the estuarine northern shores being
Tan, 2013). Since our dataset focused only on coastal marine fringed primarily by mangroves, mudflats, and sandflats (Tan
species, the analysis underestimates the biodiversity residing et al., 2016a). By contrast, the wider Singapore Strait has an
in estuarine sites such as Sungei Buloh and Lim Chu Kang, average depth of 30 m and an irregular seabed with many
even as it gives a representative picture of marine flora and islands and shoals (Sin et al., 2016), thus encompassing
fauna. Addition of a comprehensive catalogue of estuarine a wider range of marine habitats (Tan et al., 2016a). The
species to our dataset, particularly the angiosperms (Ng & more diverse abiotic environment in the Singapore Strait
Sivasothi, 1999a; Sheue et al., 2005) and insects (Murphy, likely accounts for the higher species richness among the
1990; Tan, 2013), would benefit future studies aiming to southern sites.

characterise overall mangrove diversity.
The disparity in diversity is especially pronounced for

While we find no statistically significant difference in the Scleractinia and Corallimorpharia (Fig. 3), which are known
number of species at the site level between the northern and to preferentially inhabit coral reef environments found along
southern coastal areas, there are more species aggregated the southern shores (Chuang, 1961, 1977; Huang et al.,
among all southern sites (n = 891) compared to the northern 2009; Oh et al., 2019). Specifically, shallow reef habitats
sites (n = 731). It is also apparent that species richness is are found surrounding the islands and on tidally-exposed
higher in the south for nearly all major taxa (Fig. 3). The patches along the Singapore Strait, but coral communities
Johor Straits are generally shallow with depths averaging are also found along seawalls and the last remaining rocky

398



RAFFLES BULLETIN OF ZOOLOGY 2020

600

m Northern sites m Southern sites

500

OI

© S 6@6
\6\%6\@%50%6‘*@5&0?3

S
o
o

Species richness
w
o
o

N
o
o

R N R o PO ?q,
@1@&?@095_@*@0’\"@‘ (p\%e,('\‘«@@\e‘

N N ) 2 & O
& & N N P ¢ & o O P & & ,\ej\Q\\s@Q%é\\Q@
NN % S ot <@ {o,be\ PO N4 6@5\\ e\e@ < &(\\3’ Q&@ @QQ o $Q\

<& & e
Site
Fig. 2. Species richness of intertidal sites in Singapore.
250
13.7

Aggregate species richness

m Northern sites  ® Southern sites

205
200

150 I

7.3
11.0

100 I Bmm i

50
2. 3 19 1.1 2 3
| II |
0 = - I I

& N 3¢ N o & & N « <
6049 o,\d? ‘\ &oé\ ‘\06& VS\& &\@Q‘) . <§~Q‘\ e © (\o&\@ \‘\o\\ ‘&\6‘\0 QO&
% )
@ < < v CP&\\ &° Q,‘:‘\\ Q\'&*
@
N
&
9
Taxon

Fig. 3. Species richness of major taxa aggregated across northern and southern intertidal sites separately. Values above bars indicate
aggregate species richness normalised by the number of sites.
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Fig. 4. Non-metric multidimensional scaling (NMDS) of intertidal
marine communities in Singapore, based on the Jaccard distance
(stress = 0.0652). SB: Sungei Buloh; LC: Lim Chu Kang; PU:
Punggol; PR: Pasir Ris Park; CH: Changi; UB: Pulau Ubin; CJ:
Chek Jawa; SK: Pulau Sekudu; BB: Beting Bronok; TU: Tuas; TM:
Tanah Merah; EC: East Coast Park; LA: Labrador; ST: Sentosa;
TK: Pulau Tekukor; KU: Kusu Island; LZ: Lazarus Island; SJ: St
John’s Island; SI: Sisters’ Islands; CY: Cyrene Reefs; JO: Pulau
Jong; HA: Pulau Hantu; TP: Terumbu Pempang patch reefs; SM:
Pulau Semakau; TS: Semakau patch reefs; RL: Raffles Lighthouse;
LF: Live Firing Areas.

shore (Labrador Beach) on the mainland (Todd & Chou,
2005; Huang et al., 2006a; Wong et al., 2018). For most
other taxon groups, the greater number of sites surveyed
may have contributed to the higher richness recorded in the
south, since the differences are nominal when considering
the number of sites (Fig. 3). Relatedly, aggregate species
richness for seagrasses and annelids is equal or higher in the
northern sites due to the predominantly sandy and muddy
environments along the Johor Straits, which are preferred by
these organisms (Tan & Chou, 1993; Yaakub et al., 2013,
2014; Glasby et al., 2016). Taken together, our results show
that habitat type and distribution influence species richness
of various taxa to a large extent.

Apart from species diversity, intertidal community
composition differs significantly between northern and
southern sites (ANOSIM, R =0.7285, p =0.001). The NMDS
show a clear distinction between them (Fig. 4) despite the
non-significant difference in site-wise species richness. It is
also clear from the distribution of data points on the NMDS
that the northern communities are generally more distinct
from one another as compared to those in the southern sites.
Much of this variation is contributed by the two mangrove
sites, Sungei Buloh and Lim Chu Kang, which host mainly
estuarine and terrestrial species (Ng & Sivasothi, 1999a, b;
Tan, 2013). Aside from these sites, there is no evidence of
clustering according to geographic proximity in the north,
especially since the intertidal community at Tuas (TU) is
nestled amongst sites in the eastern Johor Strait even though
it is physically situated in the western Johor Strait.
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Similarly, intertidal communities at the southern sites are
not clustered by geographic proximity except for Raffles
Lighthouse (RL). This pattern is not surprising considering the
relatively large spatial separation between Raffles Lighthouse
and the other southern sites (Fig. 1). Furthermore, Raffles
Lighthouse and Pulau Jong (JO) are the smallest islands
surveyed in the south, thus accounting for the relatively
low species richness (Fig. 2) and distinction in community
composition (Fig. 4). East Coast Park (EC) and Tanah
Merah (TM), although not clustered away from the rest of
the southern sites, have the most similar assemblages to the
northern sites. These sites can be considered novel habitats
as they constitute reclaimed land. Much of the sandy shores
along East Coast Park today, for instance, had established
following the ‘Great Reclamation’ in the 1960s that added
1,525 ha of land in the area (Housing Development Board,
1963; The Straits Times, 1983; Poquita-Du et al., 2019).
Prior to coastal development, these sites may have been
much more similar to the northern sites in terms of habitat
type since the sandy intertidal environment along Singapore’s
southeastern shore was contiguous with Changi (CH) in the
north (Fig. 1) (Malaya Survey Department, 1954; Yaakub
et al., 2014). Following the eastward land extension and
construction of seawalls along these sites, many corals and
coral-associated species have recruited and are thriving there
(Wong et al., 2018), even as they retain flora and fauna
which are characteristic of the Johor Straits wherever sandy
patches remain. As a result, communities at East Coast Park
and Tanah Merah are intermediate between the northern and
southern localities (Fig. 4).

The Wild Fact Sheets database, driven mainly by contributions
from citizen scientists, is the most up-to-date, publicly-
available resource on intertidal taxa found in Singapore.
The data have helped advance local biodiversity knowledge
by facilitating taxonomic research on select groups such as
Actiniaria (Yap et al., 2014, 2019), Corallimorpharia (Oh
et al., 2019), Mollusca (Chim et al., 2009; Neo, 2010), and
Echinodermata (Ong & Wong, 2015; Chan et al., 2018;
Ong et al., 2019), as well as supporting field studies on
species ecology (Lee et al., 2012; Neo & Todd, 2012a) and
phylogenetics (Quek & Huang, 2019; Quek et al., 2019,
2020). When citizen science meets research, insights on
the past, present, and future of species persistence and loss
are deepened (e.g., Neo & Todd, 2012b; Poquita-Du et al.,
2019). More practically, data and information available
through resources such as the Wild Fact Sheets are valuable
to scientific projects facing temporal and funding constraints
(e.g., Kobori et al., 2016; Lau et al., 2019). Citizen science
is clearly a promising approach to further our understanding
of local marine biodiversity.

While the dataset analysed here represents a comprehensive
range of marine species and coverage of localities along
Singapore shores, continuing surveys are needed to increase
the accuracy of species identification and richness estimates.
Each record here is supported by geotagged photographs
which can be verified in greater detail by professional
taxonomists, although field images may still be deficient
in terms of the diagnostic characters used to distinguish
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species as compared to voucher specimens. There may also
be potential taxonomic biases as volunteer surveyors may
not note all the species encountered, either because they lack
the expertise to recognise them (Dickinson et al., 2010),
or they may have focused only on the rare and interesting
taxa and neglected the more common ones (Tulloch &
Szabo, 2012; van Strien et al., 2013). Future feedback by
taxonomic experts, who may also apply modern techniques
such as DNA barcoding (Chang et al., 2018; Wainwright et
al., 2018), standardised sampling (Leray & Knowlton, 2015;
Chang et al., 2020), and pattern analysis (Chan et al., 2019),
would help enhance the identification accuracy of specific
taxa. Experts may also be more targeted and precise in their
observational approaches so that more organisms would be
recorded. Quantification of species abundance—whether
relative or absolute—and analysis of temporal variation
would provide useful information on community diversity
and biotic change over time (Obura et al., 2019).

Overall, our study has quantified broad spatial patterns of
intertidal marine species in Singapore, based on a rich set
of observations by researchers and citizen scientists. In
particular, we show that aggregate richness and community
composition are distinct between Johor Straits and Singapore
Strait, although there is no statistically significant difference
in the number of species at the site level. Patterns in
community composition can be explained by the distinct
habitat types and coastal change in the northern and
southern sites. Fundamentally, examining these factors can
help scientists and resource managers better understand
how communities are structured and species diversity is
maintained. Drivers of diversity change that are identified
can be mitigated to ensure the protection of marine species
and maintain the integrity of coastal habitats.
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