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ABSTRACT. Seagrass meadows provide essential ecosystem services such as carbon sequestration and coastal
protection, and serve as nurseries for many marine species, some which are commercially significant. Up to 13
of the world’s 72 seagrass species have been recorded in Singapore. The Southern Islands Biodiversity Survey
assessed the distribution of seagrasses through a comprehensive review of published and unpublished sources
together with information from intertidal field surveys. Nine seagrass species were found in the Southern
Islands, highlighting the area’s importance in maintaining the seagrass meadow ecosystem and the species
associated with it.
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Introduction

Covering 0.1-0.2% of the marine environment, seagrass meadows together with mangroves
and coral reefs form the most biodiverse and productive marine systems in the world (Duarte,
2002). Swathes of seagrasses in the temperate zones often consist of a single species, but in the
tropics they are more often a mix of seagrass species (Reynolds, 2018). They grow in sheltered
coastal waters, typically no deeper than 30m, where light is available for photosynthesis and
environmental conditions such as pH, salinity and temperature are favourable for growth
(Tan, 2019; Seagrass Watch, 2022). In Singapore, seagrasses are found at depths no deeper
than 9m (Hartog, 1970).

Seagrasses are flowering plants with vascular leaves which grow from rhizomes
embedded in sand or mud (Hemminga & Duarte, 2000). The plants either reproduce asexually
through branching rhizomes or sexually through producing male and female flowers (Castro &
Huber, 2008). These plants provide key ecosystem services such as coastal protection against
erosion (Christianen et al., 2013), provision of habitats and nurseries for other commercially
important marine species such as fishes and crustaceans (Waycott et al, 2011), nourishment
for large marine fauna such as the green turtle and dugong (Marsh et al., 2011), as well as
carbon sequestration to mitigate climate change (Miyajima & Hamaguchi, 2019).

Plants are thought to have evolved from marine algae and transitioned to terrestrial
habitats in the deep past, but seagrasses, like mangrove trees, have returned to life in water
(Orth et al., 2006). Most seagrasses need to be submerged underwater to survive and grow,
due to a lack of a waxy cuticle, which covers terrestrial plants to prevent desiccation (Chen et
al., 2011; Tan, 2019). Most seagrass species in Singapore are intertidal and tolerate exposure
for short periods (Tan, 2019) but some occur in both intertidal and subtidal waters (McKenzie
et al., 2016; Seagrass Watch, 2022). Due to their shallow coastal range, these plants are at
risk of being lost to anthropogenic effects such as pollution, habitat encroachment from land
reclamation, and destructive practices like dredging and trawl netting, as well as natural
processes such as typhoons and tidal waves (Waycott et al., 2009; Yaakub et al., 2014b).

In Singapore, around 45% of seagrass meadows have been lost to coastal modification
and land reclamation (Yaakub et al., 2014b). Ten seagrass species have been confirmed in
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Singapore, and another two species are under taxonomic review (McKenzie et al., 2016). In
the Southern Islands, the seagrass meadows are more commonly reef associated, in contrast
to the more mangrove-associated seagrasses off the north-eastern coast of Singapore (Yaakub
etal., 2013).

Seagrass meadows in Singapore have been studied periodically (Yaakub et al.,
2014b; McKenzie et al., 2016; Kwan et al., 2023). They can act as indicators of the marine
environment, if their distribution and species composition is monitored. Therefore, they
were included as an important component of intertidal surveys during the Southern Islands
Biodiversity Survey (SIBS) from 2020 to 2022.

Materials and Methods

Intertidal surveys were conducted at 16 sites at Pulau Biola, Pulau Berkas, Sentosa (formerly
Pulau Blakang Mati), Pulau Hantu, Pulau Jong, Pulau Salu, Pulau Satumu (Raffles Lighthouse),
Pulau Sakijang Bendera (Saint John’s Island), Pulau Sakijang Pelepah (Lazarus Island), Pulau
Semakau, Pulau Seringat (now merged with Lazarus Island), Pulau Subar Darat (Small Sister’s
Island), Pulau Tembakul (Kusu Island), Pulau Tekukor, and Terumbu Pandan (Cyrene Reef).
The surveys were conducted between August 2020 and March 2022 during low spring tides,
typically during early morning hours (6:00am to 10:00am) or during the evening (4:00pm to
8:00pm). Intertidal surveys were not conducted at Keppel Island and Pulau Subar Laut (Big
Sister’s Island), although other aspects of biodiversity at those islands were included in the
SIBS study (Tan et al., 2025).

A reconnaissance trip was organised for each site to identify suitable areas for laying
out transects that would encompass a wide diversity of intertidal habitat types and maximise
species encounters. During the actual survey, a 30m line perpendicular to the shoreline was
laid across the intertidal zone, and three sets of 25 m line transects were placed parallel to
the shore. There was one set each within the zones 0—10m, 10-20m and 20-30m from the
shoreline, so as to ensure sampling covered the upper, middle, and lower shore. Each transect
set/shore level was surveyed by a team of 3-5 surveyors, and for each transect five quadrats
(50cm by 50cm) were placed along either side of the transect tape at intervals determined
via a random number generator. Tan et al. (2025) provides an illustration of the layout of
transects and quadrats. All living species in the quadrat were photographed for record keeping
and species identification. Another team of 5-10 surveyors separately patrolled the intertidal
zone beyond the vicinity of the transects to take photographs of as many species as possible
for later identification.

Seagrass records for islands not covered by the above surveys were compiled from
published literature as well as NParks’ internal records. The earliest literature on seagrasses
in the Southern Islands was published in 1996 and the most recent in 2023 (Loo et al., 1996;
Kwan et al., 2023). Scientific names were standardised to those used by Lindsay et al. (2022)
and WoRMS (2023).

Results
Nine species of seagrass were reported in the Southern Islands, out of a total of 12 or 13

species recorded for Singapore (Yaakub et al., 2013; Kwan et al., 2023). Enhalus acoroides
and Halophila ovalis were found across the most sites, respectively from ten and 11 intertidal
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surveys plus an additional five and four sites from the literature, thus both totalling 15 out of
the 16 localities for which data were compiled (Table 1). Halophila beccarii and Halophila
spinulosa were not observed during the SIBS survey; both species are associated with the
northern shores of Singapore rather than the southern shores (McKenzie et al., 2016), and
no records of them in the Southern Islands were found in the literature.

The sites with the highest number of seagrass species were Terumbu Pandan (Cyrene
Reef) with eight species of which six were recorded during SIBS, and Pulau Semakau with
eight species of which two were recorded during SIBS. The sites with the fewest seagrass
species was Keppel Island, with only two species reported from an earlier subtidal survey..
New records of seagrasses were made for Pulau Berkas and Pulau Salu; there had been no
previous published records of any seagrasses for them, likely due to lack of surveys.
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Table 1. Locations of seagrass taxa found in Southern Island waters from published, un-published literature and Southern Islands Biodiversity Survey (SIBS) data. SIBS indicates taxa
was observed during Southern Islands Biodiversity Survey 2019-2022. Year corresponds to most recent literature or NParks internal record with taxa observation. RDB3 = Singapore
Red Data Book 3 Status, [IUCN = International Union for Conservation of Nature Status, BIO = Pulau Biola, BRK = Pulau Berkas, CYR = Cyrene Reef, HNT = Pulau Hantu, ING =
Pulau Jong, KEP = Keppel Island, KUS = Kusu Island, LAZ = Lazarus Island and Pulau Seringat, RAL = Raffles Lighthouse, SAL = Pulau Salu, SIS = Sisters’ Islands, SJI = St John’s
Island, SMK = Pulau Semakau and neighbouring patch reefs, SNT = Sentosa Island, TKR = Pulau Tekukor, TPS = Terumbu Pempangs. Acronyms for RDB3/IUCN: EX = Globally
Extinct, NE = Presumed Nationally Extinct, CR = Critically Endangered, EN = Endangered, VU = Vulnerable, NT = Near Threatened, LC = Least Concern, DD = Data Deficient, NE
= Not Evaluated, NA = Not Assessed.

Species RDB3 IUCN BIO BRK CYR HNT JNG KEP* KUS LAZ RAL SAL SIS SJI SMK SNT TKR TPS*
Family Cymodoceaceae
Cymodocea CR LC SIBS SIBS; SIBS 2020; 199671
rotundata 2020 (N
Cymodocea serrulata EN LC 2020 SIBS SIBS; SIBS; 2014
2020 2020
Cymodocea sp - - 2005
Halodule sp - - SIBS  SIBS; 2020 2020  SIBS 2020  SIBS; 2020
2020 2020
Halodule uninervis VU LC 2014 SIBS; SIBS SMK;
2014 2014
Syringodium EN LC SIBS; 2020 2020
isoetifolium 2020
Family Hydrocharitaceae
Enhalus acoroides ~ CR NE SIBS; SIBS SIBS; SIBS; 2020 SIBS; 2020; SIBS; SIBS SIBS; SIBS; SIBS; SIBS; 2020 2020
2014 2020 2020 2020 (1) 2020 2020 2020 2020 2020
Halophila decipiens CR LC 2014 2020 2020
Halophila minor**  CR LC 2012 2014
Halophila ovalis LC NE SIBS; SIBS SIBS; SIBS; 1996+ SIBS; 2020, 2014 SIBS SIBS; SIBS; SIBS; SIBS; SIBS; 2020
2014 2020 2020 2020 (1) 2020 2020 2020 2020 2020
Thalassia hemprichii EN NE SIBS; SIBS; 2020 2020 SIBS 2015 2020 2020 2020 SIBS; 2020
2014 2020 2020

*: Not visited for intertidal survey during SIBS **: Under review for synonymy. (1): Pers. obs. during the SIBS survey period (2019-2022) }: possibly extinct from the site
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Figure 1. Female flowers of Enhalus acoroides photographed at Serapong, Sentosa Island. Photo courtesy of
Vincent Choo.

During SIBS, Enhalus acoroides was observed flowering only at Tanjong Rimau and
Serapong, Sentosa (Fig. 1) and not at any of the other sites; this was despite its usual habit
of flowering year-round (Rollon, 1998). At other islands where it was observed, it was found
only in single clumps, often cropped short, and not flowering. In particular, the formerly lush
and extensive meadow of E. acoroides at Pulau Semakau had largely disappeared, leaving
only scattered clumps with leaves cropped short. This start of this decline was documented
in 2012 by citizen science group Wild Singapore (Tan, 2012), and is also reflected in the data
collected by citizen science group Team Seagrass (Yaakub et al., 2014a)

Discussion

Ten seagrass species have been confirmed for Singapore, with a further two species under
review for synonymy (McKenzie et al., 2016). An additional species, Halophila major, was
reported by Kwan et al. (2023) after SIBS survey work had been completed. These bring
the notional total for Singapore waters to 13 species, of which the majority (nine) have been
recorded from the islands covered by SIBS - though it should be noted that McKenzie et al.
(2016) reported herbarium records for a tenth (Halodule pinifolia) from the islands of Pulau
Pawai and Pulau Senang (which lie within the Singapore Strait but are outside the scope of
SIBS). The SIBS field data alone confirmed the continued presence of seven seagrass species
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(Table 1), and it is likely that the remaining two (Halophila decipiens and Halophila minor)
were not recorded even if present due to the difficulty in distinguishing them in the field
from the more common Halophila ovalis. Despite the proximity of the Southern Islands to
shipping, oil refineries and the city, species diversity seem to be holding up well. Dugong
feeding trails are also spotted regularly amongst the seagrass meadows of the Southern Islands
(Lietal., 2025), and a dead individual was sighted as recently as 2021 off Pulau Hantu (Soh,
2021), suggesting that the meadows remain substantial enough to serve as feeding sites.
These points all signal the importance of the Southern Islands, especially Cyrene Reef for
seagrass conservation.

The present intertidal surveys were not specifically targeted at seagrass meadows,
but at areas of overall intertidal richness. Survey methods used also vary between these and
previously published surveys. Site distribution data do not seem to suggest any decline in
seagrass presence and abundance for the various species. However, the wide distribution of
Enhalus acoroides masks the poor physical condition and sparse growth of this species at
almost all the sites, and the apparent restriction of flowering are further causes for concern.
Enhalus acoroides is typically considered a climax species; with its tall canopy height (up
to 1.5 m) and thick rhizomes, meadows dominated by Enhalus (as were formerly present on
Pulau Semakau) form structurally complex habitats and hold soft sediments together. This
gives them high potential to act as nurseries for fish and attenuate erosion-causing waves,
and their decline may have knock-on effects on the wider marine ecosystem. Today, Sentosa
(especially Tanjong Rimau) and the nearby Labrador Nature Reserve on the mainland are the
strongholds for this formerly abundant but now critically endangered species, and managing
them sensitively could ensure a source of seeds/fragments for future seagrass restoration efforts.

As evidenced by the example above, other data in addition to presence—absence, such
as population size, condition, and reproductive state, all need to be taken into account when
assessing the conservation status of seagrasses and their ability to support other species
associated with them. Pollen dispersal and seed dispersal are not well understood in Singapore,
although recent studies based on agent-based modelling have suggested that the meadows
are well-connected (Lai et al, 2024). In consequence, it is not known how sub-populations of
seagrasses near the different islands interact, nor how they might be dependent on populations
of the same species in neighbouring waters. The seagrass ecosystem is thought to be declining
more rapidly in Southeast Asia than in other parts of the tropics (Fortes et al., 2018; Sudo et
al., 2021), and the example of E. acoroides demonstrates how even a species that is widely
distributed can in fact be doing poorly. Nevertheless, Yaakub et al. (2014b) attributed seagrass
persistence in highly urbanised Singapore to the measures put in place to control pollution
and other environmental impacts, and it is heartening to see that seagrass diversity in the
Southern Islands remains high.

A better understanding of the distribution of seagrass around the Southern Islands
in space and time could help guide policy on how, where and when these marine areas
should be protected or managed to better conserve seagrasses, and inform strategic locations
for upcoming seagrass restoration efforts. Seagrasses provide substantial economic and
environmental benefits (de Groot, 2012; Dewsbury et al., 2016), but neither benefits nor
seagrasses have been properly mapped in many regions of the world (Cullen-Unsworth et al.,
2014; Unsworth et al., 2018). While efforts have been made to map out our urban meadows
through remote sensing (Yaakub et al., 2013; Tan et al., 2023), regular updating of these
maps will be essential to monitor their extent. Continued efforts to monitor their diversity
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and health through citizen science field surveys, such as the citizen science efforts of Team
Seagrass, WildSingapore, and Intertidal Watch, as well as academic studies like that by Kwan
et al. (2023), will help complement such maps.
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