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Although Southeast Asia is a hotspot of global seagrass diversity, there are considerable
information gaps in the distribution of seagrass beds. Broad-scale seagrass distribution
has not been updated in the global seagrass database by UNEP-WCMC since 2000,
although studies on seagrasses have been undertaken intensively in each region. Here
we analyze the recent distribution of tropical seagrass beds, their temporal changes,
causes of decline and conservation status in Southeast Asia (plus southern mainland
China, Taiwan and Ryukyu Island of Japan) using data collected after 2000. Based
on the 195 literature published since 2000, we identified 1,259 point data and 1,461
polygon data showing the distribution of seagrass beds. A large discrepancy was
found in the seagrass bed distribution between our updated data and the UNEP-
WCMC database, mostly due to inaccurate and low resolution location information
in the latter. Temporal changes in seagrass bed area analyzed for 68 sites in nine
countries/regions demonstrated that more than 60% of seagrass beds declined at
an average rate of 10.9% year−1, whereas 20% of beds increased at an average
rate of 8.1% year−1, leading to an overall average decline of 4.7% year−1. Various
types of human-induced threats were reported as causes for the decline, including
coastal development, fisheries/aquaculture, and natural factors such as typhoons and
tsunamis. The percentage of seagrass beds covered with existing marine protected
areas (MPAs) varied greatly among countries/regions, from less than 1% in Brunei
Darussalam and Singapore to 100% in southern Japan. However, the degree of
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conservation regulation was not sufficient even in regions with higher MPA coverage.
The percentage of seagrass beds within EBSAs (Ecologically and Biologically Significant
Area determined by the Convention of Biological Diversity) was higher than that within
MPAs because EBSAs cover a greater area than MPAs. Therefore, designating EBSAs
as legally effective MPAs can greatly improve the conservation status of seagrass beds
in Southeast Asia.

Keywords: broad-scale distribution, coastal ecosystem, GIS mapping, marine protected area, temporal trend

INTRODUCTION

Seagrass beds consist of marine flowering plants and are one
of the most important habitats in the coastal ecosystem of the
world (Hemminga and Duarte, 2000; Short et al., 2007). Seagrass
beds support numerous flora and fauna, including endangered
and commercially important species (Kikuchi and Peres, 1977;
Williams and Heck, 2001; Nakaoka, 2005). They provide many
valuable ecosystem services to humans, such as seafood provision
(Unsworth et al., 2019), water quality control (Nakaoka et al.,
2014; Lamb et al., 2017), disaster resilience (Duarte et al., 2013),
blue carbon stock (Fourqurean et al., 2012), disease control,
climate regulation, and tourism (United Nations Environment
Programme [UNEP], 2020). The total economic value of seagrass
ecosystem services per area exceeds that of terrestrial ecosystems
such as forests (Costanza et al., 1997, 2014; Dewsbury et al., 2016).
Costanza et al. (2014) estimated values of seagrass/algae beds
were $28,916 ha−1 year−1, while values of tropical forests were
$5,382 ha−1 year−1.

Seagrass beds have been threatened by various types of
human-induced stressors, including eutrophication, coastal
development, and global climate change (Orth et al., 2006;
Waycott et al., 2009; Japar Sidik et al., 2018; Muta Harah et al.,
2019). Such multiple human-induced impacts cause rapid loss
and deterioration of this important coastal habitat. Waycott
et al. (2009) estimated that seagrass beds were disappearing
at a rate of 7% year−1 globally. However, their data did not
contain those from Southeast Asia, where seagrass diversity is
the highest in the world (Green and Short, 2003). The estimated
global decline of seagrass beds may have been underestimated
due to a lack of long-term quantitative scientific data from this
region. Thus, it is urgently needed to collect more data and
compile already existing data on the distribution of seagrass
beds, and to conduct analyses of their recent status and
temporal trends for promoting their effective conservation and
management.

International efforts of seagrass researchers to understand
the status of seagrass beds of the world have been continuing
since the 1990s (Green and Short, 2003). One of the outputs
is the global map of seagrass published as the “World Atlas of
Seagrass” (Green and Short, 2003). The geographic information
system (GIS) data on this map have been available from the
database “Global Distribution of Seagrasses” (GDS) by UNEP-
WCMC1. Developed countries in North America, Europe, and
Australia have frequently updated data on seagrass beds after

1http://data.unep-wcmc.org/ (accessed on September 2020).

2003. In contrast, they have not been updated for most Asian
countries since 2001. Furthermore, the GIS data from these
countries were mostly based on low-resolution spatial data with
low accuracy. For example, some GDS data in Thailand was
mapped at the resolution of maximum 10 km along the coast,
which lead to an estimate 10 times larger than the area estimated
by conducted by diving surveys (Department of Marine and
Coastal Resources, 2012). Furthermore, some GDS points in
Vietnam occurred 10–30 km offshore from the coastline, which
is too deep for seagrass beds to occur. This may be ascribed to
inaccurate GPS coordinates.

With the increasing awareness of the importance of seagrass
beds in the coastal ecosystems of Southeast Asia, the amount of
research by scientists and governmental managers to monitor and
study seagrass beds has been increasing since the beginning of
this century (e.g., Nakaoka et al., 2014). The accuracy of mapping
seagrass distribution has also improved with the development of
novel GIS and remote sensing techniques (Luong et al., 2012;
Hossain et al., 2015; Chen et al., 2016; Koedsin et al., 2016;
Huong et al., 2017). The development of a robust networked
system of seagrass observations has recently been initiated (Duffy
et al., 2019) including archiving of open-access data. However,
most new data collected by local researchers and managers in
Asia have been reported in their local literature (mostly in their
native languages), which precludes more frequent updates to
the global database. The situation ultimately limits planning
effective conservation and management by decision makers based
on the most recent information. Fortes et al. (2018) reviewed
the distribution, extent, species diversity, and knowledge gaps
of seagrasses in Southeast Asia, although they only presented
summary data for each country with precise spatial information
lacking in some regions.

The aim of this paper is to report the distribution of
seagrass beds between 2000 and 2020, their temporal changes,
and protection status in Southeast Asia, based on up-to-date
information. To achieve this goal, we compiled data on seagrass
beds published since 2000. We first analyzed the distribution
of tropical seagrass beds in 13 countries/regions and compared
them with the global database by GDS (version 6 in UNEP-
WCMC and Short, 2018). Second, we analyzed temporal changes
in areal distribution of seagrass beds. Finally, we examined
the conservation status of these seagrass beds with marine
protected areas (MPAs), and with Ecologically or Biologically
Significant Marine Areas (EBSAs) that are candidates of future
MPAs designated by the Convention on Biological Diversity2

2https://www.cbd.int/ebsa/
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(Convention on Biological Diversity, 2010; Yamakita et al., 2017).
The obtained results from our study will contribute to updating
the global map of seagrass, and to facilitate effective management
of seagrass habitat and associated marine biodiversity
in Southeast Asia.

MATERIALS AND METHODS

Study Site
This study targeted the tropical region of Southeast Asia
spanning 10 countries: Brunei Darussalam, Cambodia, Timor-
Leste, Indonesia, Malaysia, Myanmar, Philippines, Singapore,
Thailand, and Vietnam. We also included subtropical regions
in southern mainland China, Taiwan, and the Ryukyu Islands
of Japan. The northern boundary was set so that it covered the
northern limit of tropical seagrass species; i.e., Fujian Province
in China (26 ◦N), Taiwan (26 ◦N), and the southern part of
Kagoshima in Japan (31 ◦N) (Zheng et al., 2013; Environment
Agency and Marine Parks Center of Japan, 1994).

Data Collection
We searched literature available online (peer-reviewed/non-peer-
reviewed scientific papers, and reports) using the terms “seagrass”
and target country/region name (e.g., “Brunei Darussalam”)
through Web of Science, Google Scholar, and Google. From
reference lists of collected literature, we also carried out a
secondary survey for literature written in local languages. Some
of these local literatures were available only as hard copies stored
in offices and libraries of research institutions. We obtained these
information as well as other sources by requesting them from
researchers and governmental officials in these institutions. In
total, we compiled more than 195 scientific papers and reports
published after 2000. The data collected by 2018 were published
as a data paper (Sudo and Nakaoka, 2020). In this paper, we
added 88 literature and 719 data published by 2020 that was not
included in the data paper (Supplementary Table 1). From these
literatures, we obtained a total of 2,720 data on the distribution of
seagrass beds (Supplementary Tables 1, 2).

Data Analyses
The compiled seagrass bed distribution data were georeferenced
using the ArcGIS georeference tool and classified into two
formats to make the GIS database; point data (n = 1,259) and
polygon data (n = 1,461). When seagrass meadow cartography
was presented (such as a map in figures), we compiled it as
a polygon datum by remapping manually from the published
resource. When it was not available, we only used the record
of the seagrass bed site information as a point datum. For each
datum, areas of seagrass beds were recorded if given in the
literature. Among 1,259 point data, 228 had area information
written directly in the paper without further spatial information.
Original data sources of 1,461 polygon data (from 42 literature)
varied greatly. Among the 16 literature that used satellite images
for areal estimation, 13 applied low-resolution products such
as Landsats 5–8, ALOS (Advanced Land Observing Satellite),
Sentinel 2 and SPOT 5 (Système Pour l’Observation de la Terre 5)

(ca 30 m/pixel resolution), whereas three literature applied more
fine-resolution WorldView-2 imagery (ca 0.5 m/pixel resolution).
Area estimation for the other polygon data were based on
in situ field surveys (22 literature) and aerial photographs (two
literature). The original sources of area estimation are given in
our database (Supplementary Table 1). If the seagrass bed area
was not available in the original sources, we directly calculated
the area by GIS from the polygon data.

Temporal changes in seagrass bed area were analyzed for all
the seagrass beds with multiple data (at least two data points),
separated by at least 2 years. A total of 68 seagrass beds had such
temporal data; 29 in Vietnam, 17 in Thailand, 11 in mainland
China, 6 in Malaysia, 2 in the Ryukyu Islands, and one in
Singapore, the Philippines, and Taiwan (Supplementary Table 3).
The data taken before 2000 was included for this analysis if the
area was estimated by the same method in each literature (see
Supplementary Table 3). Among the 68 seagrass beds, 54 had
only two data, two had three data, and 12 had more than 4
data for estimating trends in seagrass area cover. The rate of
seagrass bed distribution change (µ,% year−1) for each seagrass
bed was calculated over a time interval, t, from the initial to final
reported areas (Ao and At , respectively) as µ = ln (At/Ao)/t × 100
(Waycott et al., 2009). We calculated the overall trend in µ as the
median and mean rate of change, and standard errors (SEs). To
avoid possible variation due to seasonal change, we used data on
the same month or season if there were more than three temporal
data and the month/season was known. According to Waycott
et al. (2009), we defined seagrass bed area as increasing/declining
when there was more than a 10% change in area detected between
the initial and final time periods, whereas we defined no change if
the change was less than 10%. The seagrass beds that had seriously
declined during the monitoring period (with an area estimate of
0 in the final time, but seagrasses still present in a patchy manner)
were excluded from the calculation of percentage rate of change
(Waycott et al., 2009).

Threats against seagrass beds were recorded if the information
was available. They were classified into the following 10
categories; coastal development (e.g., port construction,
dredging, reclamation, etc.), sedimentation, aquaculture,
destructive fishing, water quality (pollution), mangrove
plantation, tourism, shipping, tsunami, and other natural factors.

The conservation status of seagrass beds in each
country/region was analyzed by calculating the area of seagrass
protected inside MPAs and EBSAs. The area of MPAs was
obtained from Protected Planet (UNEP-WCMC and IUCN,
2020)3. For each MPA, the degree of protection level was
classified following the IUCN protected areas categories as
follows; Strict nature reserve (Ia), Wilderness area (Ib), National
park (II), Natural monument or feature (III), Habitat/species
management area (IV), Protected landscape/seascape/area (V),
and Protected area with sustainable use of natural resources
(VI) (Day et al., 2012; see Supplementary Table 4). In short,
regulation is stricter with a lower category number. We obtained
spatial data on EBSAs from the Clearing-House Mechanism of
the Convention on Biological Diversity Information Submission

3https://www.protectedplanet.net/marine (accessed September 11, 2020).
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Services (Convention on Biological Diversity, 2018)4. EBSAs
consist of coastal, pelagic and deep-sea areas. In this study we
only used the coastal EBSAs for the analysis. The percentage of
seagrass beds covered by MPAs and EBSAs was calculated as
follows. For countries/regions which only have polygon data,
the overlap between the area of seagrass beds and MPAs/EBSAs
were directly calculated using GIS. For those only with point
data, the number of point data found within each MPA or EBSA
was counted and expressed as a percentage of the total number
of seagrass point data in that particular country/region. For
those with both point and polygon data, polygon data were first
converted to point data by extracting the center of gravity. Then,
the same calculation was made as in those only with point data.

RESULTS

Seagrass Bed Distribution
We mapped the distribution of 2,720 seagrass beds present
between 2000 and 2020 in Figure 1A. Seagrass bed distribution
data from the GDS collected before 2001 is shown in Figure 1B.
Seagrass beds are present along most coastlines of our study areas.
Regions with very few seagrass beds are also found in these two
databases, such as in the southern part of Vietnam, the middle
part of Myanmar, northern and southern Sumatra Island, the
southeast part of Borneo Island and coastline of West Papua
facing Arafura Sea (Figure 1).

The area of seagrass beds greatly differed between our
database and GDS. Large discrepancies were found in some
countries/regions in Vietnam, Myanmar, Cambodia, and Taiwan,
whereas overlap is better for the Philippines, Singapore, and
southern mainland China (Supplementary Figure 5). In the case
of Vietnam, point data by GDS was located far offshore (deeper
than 20 m sea bottom) compared to those used in our study.
Distribution of seagrass beds in Myanmar by GDS data did not
totally overlap with our data. In Cambodia and Taiwan, our
database had more seagrass beds than GDS, and only one seagrass
bed overlapped in both databases for each country/region.

Temporal Changes in Seagrass Bed Area
and Their Causes
Temporal changes were assessed for 68 seagrass beds in eight
countries/regions, in which data from southern mainland China,
Vietnam, and Thailand are dominant, but the time-series data
were not available for any seagrass bed in Indonesia, Cambodia,
Myanmar, Brunei Darussalam, Timor-Leste, and Indonesia.
Forty-four sites (64.7%) experienced decline with the mean rate
of 10.9 ± 2.6% year−1. Ten sites (14.7%) showed no detectable
change and 14 sites (20.6%) showed an increase in seagrass bed
size with a mean rate of 8.1 ± 2.2% year−1 (Table 1). Overall,
the mean percentage rate of change of all the seagrass beds
(excluding the seven seriously-declined beds) was −4.7 ± 2.0%
year−1. Median rate of change was somewhat smaller than mean
in absolute values (Table 1). The declining beds were mostly
located in the southern mainland China, Vietnam, but also found

4https://chm.cbd.int/database (accessed February 17, 2018).

in the Ryukyu Islands, the Philippines, Thailand, Malaysia, and
Singapore (Figure 2). Beds with the increasing area were mostly
found in Thailand and some in Vietnam.

Among the human-induced stressors, seagrass bed decline was
mostly caused by coastal development, followed by aquaculture
activities, destructive fishing, and water quality deterioration
(Table 2). Tourism, shipping, and mangrove plantation were
also reported as causes for the decline. Coastal development as
a cause for the decline was reported from all countries/regions,
and aquaculture from southern mainland China, Philippines, and
Vietnam such as shrimp pond and fish cage. Destructive fishing
was reported from southern mainland China, Philippines and
Vietnam. In Thailand, threats against seagrass beds were classified
as destructive fishing (6 cases), sedimentation (5), development
(3), and aquaculture (2).

Natural factors such as large typhoons caused decline in
seagrass beds in 16 sites. The tsunami caused by the 2004 Indian
Ocean earthquake was a declining factor in Thailand (three sites).

Protection Status
The percentage of seagrass beds located within existing MPAs
and EBSAs varied greatly among countries/regions (Table 3).
Among 4 countries/regions which have seagrass bed polygon data
over their whole coastal area, more than 99% of seagrass beds
are within MPAs in Ryukyu Islands of Japan, 50% in Timor-
Leste, 33% in Indonesia, 20% in Thailand, and 13% in Cambodia.
For countries/regions estimated by point data, more than 50%
of seagrass beds are within MPAs in Taiwan and Vietnam, 43%
in Myanmar, 15% in Malaysia, 9% in the Philippines, and only
6% in the southern mainland China (Table 3). Seagrass beds in
Singapore and Brunei Darussalam were not covered by MPAs.

Among different categories of MPAs, only a small proportion
of seagrass beds in Cambodia, Indonesia and Malaysia are
included in the categories Ia and Ib (strict nature reserve and
wilderness) (Table 3). Up to 43% of seagrass beds are included
in the categories II (national parks), whereas those covered
by the categories IV, V, and VI (habitat/species management
area, protected landscape/seascape, and protected area with
sustainable use of natural resources) are small except Ryukyu
Islands (Table 3). Seagrass beds are not covered with the category
III (natural monument or feature). Protection categories are not
specified for >30% of seagrass beds in MPAs for Indonesia,
Timor-Leste, and Vietnam (Table 3).

The proportion of seagrass beds in EBSAs greatly varies among
countries/regions (Table 3). More than 50% of seagrass beds are
within EBSAs for the Ryukyu Islands, Singapore, and Malaysia,
whereas less than 10% for Cambodia, Vietnam, Indonesia, and
southern mainland China. No seagrass beds are covered with
EBSAs for Brunei Darussalam and Taiwan because EBSAs have
not been set for these countries/regions.

DISCUSSION

The present study updated the seagrass bed distribution in
Southeast Asia where information in the global seagrass database
had been stagnant. GIS analyses revealed large differences in the
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FIGURE 1 | Seagrass beds distribution in Southeast Asia based on (A) the data compiled in this study (2000–2020) and (B) Global Distribution of Seagrass ver. 6.0
which is the collection of data taken before 2001.

TABLE 1 | Percentage rate of change for seagrass beds.

Proportion in category (%) Mean% rate of change Median% rate of change N

µ ±SE µ

Declining 64.7 −10.9 2.6 −6.9 44

Increasing 20.6 8.1 2.2 4.9 14

No detectable change 14.7 0.0 0.1 0.0 10

Overall 100 −4.7 2.0 −2.5 68

location and area of seagrass beds compared with the GDS data
collected before 2001. Analyses of temporal changes in seagrass
bed size revealed that more than half of the seagrass beds are
declining in most regions, and that seagrass beds located inside
MPAs were less than 50%.

Comparison of the Updated GIS Data
With Previous Information
Our study compiled seagrass bed distribution data along the
whole coastline of Southeast Asia. Compared to the GDS
data, our study dramatically increased the information from
Cambodia, Thailand, Timor-Leste, Singapore, Vietnam, southern
mainland China, and the Ryukyu Islands of Japan. Before our
data updates, Brunei Darussalam had no reports, and Myanmar
and Taiwan had very few data. On the other hand, large regional
gaps in seagrass bed information remain in the Philippines
and Indonesia, which was also pointed out by a recent global
estimation on seagrass bed distribution (McKenzie et al., 2020).
In these regions, ongoing projects are trying to map habitats
including seagrass beds and mangroves by satellite and lidar
analysis (Republic of the Philippines, 2019), but as they are not
yet open to the public, we did not use them in this paper.

We found great discrepancies in the areas of seagrass beds
between the GDS information collected before 2001 and our
updated data. The discrepancies could be due to either (1)
the change (increase or decrease) in seagrass beds, (2) new
discoveries in the previously unsurveyed areas, or (3) low

accuracy and low resolution in the data. Due to the second and
third reasons, it is not plausible to examine long-term changes in
seagrass bed areas by comparing data across the databases.

Low accuracy in the previous data can likely explain most
discrepancies. For example, GDS seagrass beds in Vietnam occur
far offshore from the coastline (Supplementary Figure 5). Water
depth here is deeper than 20 m, which exceeds the major
distributional zone of seagrass beds. Similar biases in seagrass
bed distribution due to inaccurate GPS information were also
found in Malaysia and Indonesia. Too coarse resolution of the
previous GIS data is another source for the discrepancy among
databases. For example, seagrass beds in Ranong, Phuket and
Krabi Provinces in Thailand extend more than 5 km from
the coastline in the GDS due to its coarse grain size. Actual
distribution in these sites were less than 500 m from the coastline
based on more recent analyses by the Thailand Government
(Department of Marine and Coastal Resources, 2018)5,6, which
is included in our database.

GIS-based image analyses of whole coastal areas using satellite
images improved the seagrass bed distribution mapping, which
had been difficult to estimate only by field surveys. In our dataset
however, most of the satellite images were Landsat and similar
satellite products, which had too low resolution for accurate
discrimination of seagrass beds. Our database also contains area
estimates for the point data where the area is written only

5http://marinegiscenter.dmcr.go.th/gis (accessed April 9, 2018).
6https://datacenter.dmcr.go.th/ (accessed April 2, 2021).
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FIGURE 2 | Trajectories of seagrass beds in the Southeast Asia.

TABLE 2 | The number of literature (peer-reviewed/non-peer-reviewed scientific papers and reports) reporting drivers that were responsible for the decline
of seagrass beds.

RIJ SMC MYS PHL SGP THA VNM Total

Coastal development 2 4 3 1 6 3 19

Sedimentation 2 3 6

Aquaculture 6 1 2 6 14

Destructive fishing 1 6 3 10

Water quality 3 1 2 3 8

Tourism 1 1 2 4

Shipping 1 2 3

Mangrove plantation 1 0 1

Tsunami 2 1 3

Natural factor 1 3 10 2 16

RIJ, Ryukyu Island of Japan; SMC, Southern mainland China; MYS, Malaysia; PHL, Philippines; THA, Thailand; VNM, Vietnam.

in the text without explicate spatial information, so evaluation
of accuracy was not possible. On the other hand, the massive
effort of diving surveys in Cambodia, Thailand, and Taiwan
highly improved accuracy in seagrass bed distribution estimation.
Seagrass bed distribution in southern mainland China has also
been reviewed and updated (Zheng et al., 2013; Jiang et al., 2020).
All these efforts have led to more precise information on seagrass
bed distribution in Southeast Asia.

Both our study and the GDS detected very few seagrass beds in
some coastlines over several hundred kilometers. These regions

likely lack seagrass beds due to unsuitable habitat. Seagrass beds
rarely develop on too muddy bottoms covered with turbid water,
which may explain their absence in southern Vietnam and the
central coast of Myanmar where great deltas are created by major
river inputs of the Mekong and Irrawaddy, respectively. Likewise,
coastlines of the northeast and south Borneo are dominated
by mangroves and generally too sedimentary for seagrass beds.
However, surveys may not be sufficiently conducted in some
areas to understand overall seagrass bed distribution in Southeast
Asia. More frequent data input and updates are required,
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especially for some key countries such as Indonesia, Malaysia, and
the Philippines.

The data summarized for each country/region can be
compared with the GDS and that of Fortes et al. (2018),
where seagrass distribution data up to 2017 were used for 10
Southeast Asian countries (Table 4). Our data showed that
Indonesia has the greatest seagrass bed area (2,934.6 km2),
followed by Cambodia, Thailand, and Vietnam (>150 km2)
although information on seagrass bed area was very scarce for the
Philippines (Table 3). The estimated bed area was smaller than
that of the GDS for all regions. The area estimated by our survey
is less than 1% of the GDS for Myanmar and southern mainland
China, and less than 10% for Taiwan, Malaysia, Philippines,
Singapore, and Timor-Leste (Table 4). The differences are mostly
due to overestimation of the GDS seagrass bed area due to low
resolution images, as discussed earlier. In contrast, the estimates
of seagrass bed area in most countries in our study are in
close agreement with those reported by Fortes et al. (2018)
because the two studies share many of the same original data
sources. However, the addition of ca. 2,500 new data in our study
increased the seagrass bed extent for Malaysia, Singapore, and
Thailand, even within the short time difference between the two
studies. In Cambodia, our estimate becomes smaller than Fortes
et al. (2018) because we used more accurate data provided later
by the Cambodian Government (Supkong and Bourne, 2014).
However, our estimates are much smaller for the Philippines
and Indonesia than Fortes et al. (2018) because the criteria for
including data to our dataset are more strict (only published data
taken on and after 2000).

Temporal Changes in Seagrass Beds and
Their Causes
To examine temporal changes in seagrass beds, we avoided using
data from multiple sources due to large biases among different
databases as mentioned above. This resulted in a relatively small
amount of data on temporal change (n = 68 meadows), and the
data are spatially biased toward some countries like Vietnam
and Thailand. Furthermore, most of these data had only two
data points which may not reflect actual patterns of temporal
fluctuation. Nevertheless, it contributes to information on the
changes of seagrass beds, which were not included in the previous
global assessment of seagrass beds (Waycott et al., 2009).

The percentage of declining seagrass beds (65%) was higher
than that reported globally (58%) and that of Zostera marina
in Europe (57%). Furthermore, the mean decline rate (11%
year−1) was 1.6 times greater than the global average of 6.9%
year−1 and higher than the 9.5% year−1 decline in Europe
(Waycott et al., 2009; de los Santos et al., 2019). Our estimate
seems reasonable considering the high economic growth rate of
Southeast Asia, where the majority of people live along the coastal
area (Neumann et al., 2015).

We observed geographical variation in the patterns of
temporal change. More seagrass beds are declining in Vietnam
and southern mainland China, whereas most seagrass beds are
stable or even increasing along the coast of Thailand. The increase
in many Thailand seagrass beds may be explained by the fact
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TABLE 4 | Comparison of areal extent of seagrass beds (km2) by countries/regions.

This study* GDS (UNEP-WCMC) Fortes et al., 2018

Subtropical Ryukyu Islands of Japan 23.9 69 NA

Southern mainland China 71.4 7,584 NA

Taiwan 68.2 1,242 NA

Tropical Brunei Darussalam 1.5 NA 1.5

Cambodia 229.8 NA 324.9

Indonesia 2934.6 17,597 8,812.9

Malaysia 49.0 541 16.3

Myanmar 4.3 2,942 4.3

Philippines 82.1 14,923 27,262.2

Singapore 2.0 127 0.3

Thailand 189.9 1,813 148.5

Timor-Leste 19.0 335 NA

Vietnam 157.5 216 157.4

∗Methods of estimation is given in Supplementary Table 1 (Sheet “5 Remarks”).

that these data were collected after 2004 when the Andaman
Sea Coast was hit by the 2004 Indian Ocean Earthquake and
Tsunami. The tsunami heavily affected some seagrass beds in this
region (Adulyanukosol and Poovachiranon, 2006; Whanpetch
et al., 2010). The increase in seagrass beds in this region may
reflect a natural recovery from the catastrophic disturbance.
In contrast, decline in southern mainland China and Vietnam
may be ascribed to coastal development, which reflects active
economic development in these regions (Luong et al., 2012;
Jiang et al., 2020). The data on temporal change in seagrass
beds are still very scarce in other counties and regions, which
preclude the general evaluation of seagrass bed trends in the
whole Southeast Asia.

Various types of threats have been reported as causes for the
decline or loss of seagrass beds around the world, such as coastal
development, sedimentation, dredging, degraded water quality,
and climate changes (Orth et al., 2006; Waycott et al., 2009;
Japar Sidik et al., 2018; Muta Harah et al., 2019). In Europe,
water quality degradation, wasting disease, coastal modification,
mechanical damage, extreme events, and non-native macroalgae
invasion was recently reported as major factors related to seagrass
bed change (de los Santos et al., 2019). In our study, development,
aquaculture and destructive fishing were reported as major
anthropogenic factors for seagrass bed decline in Southeast
Asia, which agrees with previous studies reviewing the status of
seagrass beds in this region (Luong et al., 2012; Nakaoka et al.,
2014; Chen et al., 2016; Fortes et al., 2018; Japar Sidik et al., 2018).

In addition to anthropogenic factors, it is worth to
mention that natural factors such as floods, typhoons,
tsunamis and El Niño-Southern Oscillation (ENSO) were
reported as major causes for seagrass bed declines in this
region (Adulyanukosol and Poovachiranon, 2006; Nakaoka
et al., 2007; Whanpetch et al., 2010; Luong et al., 2012;
Japar Sidik et al., 2018; Lin et al., 2018; Vo et al., 2020).
For the typhoon damage however, it may also be related to
human activities because of the recent storm intensification
with ongoing climate change. Another unique case we
found as cause of decline are mangrove plantations, which

suggests that improper restoration efforts without sound
scientific knowledge can lead to deterioration of coastal
ecosystems (Primavera and Esteban, 2008; Sharma et al., 2017;
Mendoza et al., 2019).

Conservation Status of Seagrass Beds
Marine protected areas can protect coastal ecosystems and
resident organisms from various human activities such as
coastal development and overexploitation (Short and Wyllie-
Echeverria, 1996). Our analysis showed that percentage of
seagrass beds within the existing MPAs are highly variable
among countries/regions. Almost all the tropical seagrass beds
are within MPAs in the Ryukyu Islands. In contrast, MPAs
protect no seagrass beds in Singapore and Brunei Darussalam.
However, even within MPAs, regulation levels for conservation
also vary, which can be evaluated using the IUCN protected
area management categories (Dudley, 2008). The categories Ia
(strict nature reserve) and Ib (wilderness area) are considered
highly effective to protect seagrass beds, but very few sites are
in these categories. The category II (national parks) is also
effective in preventing seagrass beds from coastal development
and aquaculture activities, and less than 45% of seagrass beds
in our study area are covered under this category. In contrast, a
greater percentage of seagrass beds are covered by the categories
V and VI, which allow fishing and aquaculture activities (Day
et al., 2012), and thus have less conservation impact on seagrass
beds and their biodiversity.

The Aichi Target of the CBD declared to protect more than
10% of the coastal and marine areas inside MPAs by 2020, and the
CBD is preparing more ambitious targets to increase protected
areas by 2030 (Convention on Biological Diversity, 2020). To
attain these goals, EBSAs were determined as candidates for
future MPAs (Dunn et al., 2014; Yamakita et al., 2017). Because
the coverage of EBSAs is broader than most MPAs (see Table 3),
the percentage of seagrass beds located within EBSAs is higher
than that inside MPAs, except for Brunei Darussalam and
Taiwan, which do not have any EBSAs. This indicates that efforts
to designate EBSAs as legally effective MPAs to meet CBD
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targets will be promising to improve the conservation status
of seagrass beds and to prevent further loss of seagrass beds
in Southeast Asia.

CONCLUSION

This study clarified the recent distribution of tropical seagrass
beds, their temporal changes and conservation status based on
the updated information taken on and after 2000 in Southeast
Asia, where information has been scattered among local
literature. We found large differences in the estimation of seagrass
bed areas between our updated information and the previous
version of the seagrass database by GDS, which is mostly ascribed
to inaccurate information and many remaining gaps. We also
found that more than 60% of seagrass beds declined at an average
rate of 11% year−1, whereas 20% of beds increased at an average
rate of 8% year−1, leading to an overall average decline of 5%
year−1. The proportion of seagrass beds included in MPAs is high
in some countries/regions, although the level of actual regulation
for conservation was not sufficient. Our updated information
is still insufficient to understand the overall status of seagrass
beds in Southeast Asia and more data input is required for some
key countries such as Indonesia, Malaysia and the Philippines.
Nevertheless, our fine-resolution, broad-scale information will
contribute to updating global information on seagrass beds and
facilitate effective conservation and management of seagrass beds
in the Southeast Asia region, which is still under great threat by
multiple human-induced stresses. Included in these stressors are
unsound policies emanating from the failure of governments to
link science, policy and practice (Fortes, 2018).
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