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Abstract. Sondak CFA, Kaligis EY. 2022. Assessing the seagrasses meadows status and condition: A case study of Wori Seagrass
Meadows, North Sulawesi, Indonesia. Biodiversitas 23: 2156-2166. Seagrass meadows play an important role in the coastal ecosystem
through the services they provide, however, they are one of the most threatened ecosystems in the coastal environment due to
anthropogenic influences and rapid environmental changes. Seagrass meadows extent is not validated and the health condition is left
unmonitored and unreported. In Indonesia, the information about the current status of seagrass meadows’ extent and health conditions is
limited. We assess the seagrass meadow abundance, status, and health condition. We provide information about species abundance,
density threats, and the health status of seagrass meadows in North Sulawesi, Indonesia, particularly in Wori District. This district has a
vast extent of seagrass meadows but has been affected by the expansion of the industrial/tourism area within the region. This study
found that seagrass meadows’ coverages were moderate, but their health status was unhealthy. Six seagrass species are found in this
area, including Enhalus acoroides (L.f.) Royle, Thalassia hemprichii (Ehrenb.) Aschers, Cymodocea rotundata (Asch. & Schweinf.),
Halodule pinifolia (Miki) Hartog, Halophila ovalis (R.Br.) Hook. F., and Syringodium isoetifolium (Asch.) Dandy. Our results highlight
the communities’ activities, including gleaning, boat propeller, anchoring, mooring, sedimentation, and the effects of climate change on

the environment as factors that could affect seagrass meadows' extent and health condition in the study sites.
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INTRODUCTION

Seagrasses are shallow coastal flowering marine plants
that can be formed as extensive meadows or beds (Short et
al. 2007; Nugraha et al. 2021) which play an important role
as they provide ecosystem services (ES) to the coastal
marine environment (Duarte et al. 2013; Nordlund et al.
2018). Decreasing of seagrass area can affect the
ecosystem surrounding areas such as loss of nursery ground
for fishes, reduction the detritus producer, lack of coastline
protection, increase in coastal erosion, decrease in water
clarity improvement, changes in nutrient regulation and
carbon sequestration (Costanza et al. 2014; Nordlund et al.
2016; Boudouresque et al. 2016; Unsworth et al. 2019).
Seagrass bed is one of the three marine coastal ecosystems
together with mangroves and corals as a barrier to the
coastal area where damage to one ecosystem may have a
negative impact on other ecosystems. In Indonesia, the
seagrass bed (known as “lamun”) can usually be found in
line with mangrove forests and coral reefs in many coastal
areas. However, in many cases, the seagrass meadows are
either abandoned or are given less attention by the
community, government, and policymakers, and sometimes
being forgotten compared to coral reefs and mangrove
forests (Potouroglou et al. 2020). In fact, the seagrass
meadow is one of the most threatened ecosystems
compared to corals and mangroves due to their
significantly decreasing area worldwide (Xu et al. 2016). A

recent study showed that the global seagrass area was only
from 160,387 km? to 266.562 km? (McKenzie et al. 2020),
which means the mitigation measurement and monitoring
need to be taken seriously. However, one of the global
problems for seagrass monitoring is the lack of basic
information regarding the habitat, leading to unregulated,
underestimated, and poorly presented updated data (Fortes
et al. 2018; Rifai et al. 2022).

Before 1940, the area of seagrass beds worldwide
decreased by 0.9% per year and the rate of decline
increased to 7% per year in the 1990s (Waycott et al.
2009). Tropical seagrass meadows in Southeast Asia also
show a decline in the area, leading to an average of 4,7%
annually (Sudo et al. 2021). Data about the area of
Indonesia’s seagrass meadows are also lacking and need
further validation. The estimated area of Indonesia’s
seagrass beds is approximately 1,15 million ha (11,500
km?) with 22,31% considered good, 11,25% moderate and
13,42 % damaged (BPS, 2020). Validated data of
Indonesia’s seagrass area was 293,464 ha were, 284,660 ha
in Eastern waters and 8,804 ha in Western waters (Sjafrie
et al. 2018). Of 284,660 ha-validated seagrass meadows in
Eastern Indonesia waters, 43% are in good condition, 50%
are moderate 50% and 7% are damaged (Supriyadi et al.
2018a). However, data about the area of Indonesia’s
seagrass meadows are also lacking and unclear. North
Minahasa has 5,962 ha of seagrass meadows (Suraji et al.
2015), but there is no information about their condition and
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health status.

Considering the vital role of seagrass meadows, various
efforts are needed to maintain their sustainability. One
effort that can be made is by researching the current
condition of seagrass beds, therefore it can be informed
earlier whether the seagrass in the area is still in good
condition, required actions, or urgent intervention is needed
while the condition is already alarming. Furthermore,
global reports of its losses have driven awareness for
urgent action in mitigation, such as seagrass protection,
regular monitoring, required risk assessment, management
and restoration (Orth et al. 2006). Moreover, knowing and
informing the seagrass status is important to raise government
attention and the community and stakeholders’ awareness
on conservation for the sustainability of this ecosystem.

The activity of monitoring seagrass meadows for their
health status plays a crucial role in the management and
sustainability of the coastal environment (Rustam 2019).
Data on seagrass conditions is important as this can provide
references for appropriate management and conservation
(Supriadi et al. 2012). Data and information regarding the
status of seagrass meadows in Indonesia, especially in
North Sulawesi waters, are still limited, therefore data from
observations of their abundance, health status, and the extent
of damaged and loss of seagrass meadows are very important.
The lack of data could lead to underestimating seagrass
resource role in certain locations (Brodie and N”Yeurt 2018),
and mitigation for the improvement cannot be informed.

Wori District in North Sulawesi is located in Minahasa
Peninsula and three-fourths of the area is located in the
coastal area. The inhabitant’s livelihood is mostly
depending on fisheries and agricultural activities.
Therefore, the seagrass meadow in this area is under threat
mostly due to human activities (e.g., coastal development
and tourism industries). This study is the first to be
conducted in the selected area of North Sulawesi, where the
seagrass meadows’ condition and health status have not
been monitored and informed. Therefore, the result of this
study may provide initial information and can be used as
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baseline data for further monitoring, management, and
conservation purposes. With this updated information, an
understanding of the mitigation strategies and priority
management can be highlighted either for conservation
purposes or supporting the local community activity
without losing its functionality. The objective of this study
was to assess the current status of seagrass meadows in
North Sulawesi, particularly in Wori District waters,
including information about coverages area and species
abundance, environment parameters and local community
activity that may influence the health status and
sustainability of the seagrass bed. In addition, the activity
impact on the seagrass meadow function was identified as
risks identification which is important as basic information
and evidence for the local government’s further mitigation
in the area.

MATERIAL AND METHODS

Sampling location

The study was carried out in Wori District waters on the
coast of North Sulawesi Peninsula, Indonesia (1°38°0” N-
1°39°0” N and 124°55°0” E-124°56°0” E from August to
September 2021 (Figure 1). Four stations (Wori, Bulo,
Darunu, and Budo) within Wori waters were identified as
study sites based on their seagrass meadows abundance and
threats. All the study site areas were vegetated by
mangroves, seagrass, and seaweed beds. The platform reef
flat is vegetated by extensive seagrass, seaweeds and
patches of coral reefs. Seagrass beds in the study area occur
from rocky shores to the boundary of the mangrove forests.
The seagrass bed can be found from the boundary between
sub-tidal and intertidal areas extended to the mangrove
forest. Currently, the most activity of the coastal community
in the areas are fisheries, agriculture, water transportation,
and gleaning, which may have a negative impact on the
sustainability of the seagrass ecosystem and the ecosystem
services due to the decrease of the area-bed coverages.
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Figure 1. Map of sampling location in Wori District, North Sulawesi, Indonesia
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Experimental design

The quadrant transect method used is a transect and a
quadrant-shaped frame of 50 x 50 cm? (McKenzie et al.
2001; Rahmawati et al. 2014). Data was collected using
line transects, where the length of each transect is 100 m
from the coastline onward to the sea. There were four-line
transects in each location. The quadrat frame (50 x 50 cm?)
was then placed on the right side of the transect line, where
the distance between the frame was 10 m. Data collection
includes; line transect coordinate point, seagrass species,
seagrass percentage cover, seagrass Species percentage
cover, and type of substrate. In addition, individual
seagrass species were identified and characterized based on
morphology (McKenzie 2008; El Shaffai 2015).

Seagrass covered and health condition measurement
Measuring the seagrass percentage cover was used
scientific literature based on Rahmawati et al. (2014), with
the percentage covered of seagrass was categorized as rare
(0-25%), moderate (25-50%), dense (51-75%) and very
dense (76-100%). The health condition of seagrass was
categorized based on the national regulation of the Minister
of Environment Decree No. 200/2004 with the categorized
as healthy if the seagrass cover in an area is reaching
>60%, less healthy if it is 30-59.9% and poor if the cover
percentage is between 0-29.9%. ldentifying the seagrass
bed risk was based on on-site findings, while mitigation
measures were taken based on literature studies.
Environmental factors were also measured at each location
which may influence the health condition of the seagrass.

Environmental data collection
Environmental data, namely temperature, salinity, and
pH data, were measured. Three measurements for each
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environmental factor have done within each study site. The
environmental data measurements were taken on the
surface of the seawater. The environmental factors values
were then calculated and presented as their average on the
table.

Data analysis

All data were analyzed using statistical analysis (IBM-
SPSS Version 23). A Levene test was conducted before the
analysis to ensure the data were distributed normally. Data
coverage of seagrass in each location was compared to
determine a significant difference. Due to not being
normally distributed, a non-parametric Kruskall-Wallis test
was conducted to analyze the data. The environmental
parameter at each location was analyzed using the One-way
Anova. A significant difference was obtained at p <.0.05.

RESULTS AND DISCUSSION

Seagrasses community and type of habitat

A total of six seagrass species were found at the
sampling locations, including Enhalus acoroides (L.f.)
Royle, Thalassia hemprichii  (Ehrenb.)  Aschers,
Cymodocea rotundata (Asch. & Schweinf.), Halodule
pinifolia (Miki) Hartog, Halophila ovalis (R.Br.) Hook. F.,
and Syringodium isoetifolium (Asch.) Dandy. (Figure 2;
Table 1). The E. acoroides and T. hemprichii were the most
common species found, as both formed extensive beds in
all sites in the study area. All seagrass species were found
to inhibit the intertidal zone to the boundary of the subtidal
zone. Substrates in the study area are coral rubble, fine and
coarse sand, massive dead rock coral, and muddy sand.

E

Figure 2. Seagrass species: A. Syringodium isoetifolium; B. Cymodocea rotundata; C. Thalassia hemprichii; D. Halodule pinifolia; E.

Halophila ovalis; F. Enhalus acoroides
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Table 1. Available seagrass species at each location
Species Common name Location
Bl Bd Dr Wr

Enhalus acoroides (L.f.) Royle Tape seagrass N N N N
Thalassia hemprichii (Ehrenb.) Aschers Turtle grass v v v \/
Halophila ovalis (R.Br.) Hook. F. Spoon/dugong grass v - v \
Halodule pinifolia (Miki) Hartog Narrowleaf seagrass Y - v Y
Cymodocea rotundata (Asch. & Schweinf.) Manatee grass v v v y
Syringodium isoetifolium (Asch.) Dandy Noddle grass v \ v V

Note: Bl = Bulo, Bd = Budo, Dr = Darunu, Wr = Wori

Types of seagrass beds vegetation in the study area are
single and mixed vegetation. Four out of six species can be
found in all sites, while two species of H. ovalis and H.
pinifolia were not found in Budo station. E. acoroides was
found in the lower intertidal zone and extended to the
mangrove forest area. The species was preferred to grow on
mixed fine sand and muddy substrates to form single
vegetation and mixed vegetation with T. hemprichii and H.
ovalis. In addition, T. hemprichii occurred in all study sites
and was mostly found in mixed fine and coarse sand,
rubble substrates, and dead rock coral. This species formed
mixed vegetation with E. acoroides and C. rotundata in the
intertidal zone. Moreover, T. hemprichii discovered in the
Budo site formed dense mixed vegetation with E,
acoroides, and macroalgae Bornetella sp.

The species C. rotundata grows in mixed fine sand and
coarse sand areas and lives side by side with T. hemprichii.
This species can be found in the mid-intertidal area to the
sub-tidal area. The narrow-leafed seagrass H. pinifolia was
discovered to live on coarse sand and coral rubble with T.
hemprichii and C. rotundata. However, S. isoetifolium was
mostly found within E. acoroidesand T. hemprichii but
mostly consisted of only 2-4 stands. The manatee grass H.
ovalis was also found to live between E. acoroides and T.
hemprichii or formed small dense vegetation in mixed sand
and muddy substrates adjacent to E. acoroidesandT.
hemprichii.

Seagrass coverages

Seagrass coverages, on average at all sites, were varied
with a range from 36.65 + 25.5% to 46.28 + 27.6%. Budo
site had the highest percentage cover among all the study
sites, 46.28 + 27.6%, while Wori had the lowest with only
36.65 * 25.5% (Figure 3). In Bulo and Darunu areas, the
coverage was 46.28 + 27.6% and 43,78 + 28.5%,
respectively. The statistical analysis showed no significant

Table 2. Seagrass species coverage at each location

difference in the seagrass coverages among four sampling
locations (p > 0.05; Kruskal-Wallis p = 0.34).

Seagrass species abundance within sites shows
differences in percentage covered (Table 2). At Bulo and
Budo locations, species of T. hemprichii were measured to
have the highest species coverages, about 23% and 24%,
respectively, while E. acoroides become the second higher
of the species coverages. E. acoroides are highly covered
wori sites with a percentage covered of 24%. At the same
time, other species such as T. hemprichii, C. rotundata, S.
isoetifolium, andH. ovaliswere found with small
coverages, which are less than 10%. In the Darunu
location, T. hemprichii and E. acoroides were similar
percentage coverages, given the location has the most
abundance of species covered in the area. Species H.
pinifolia and H. ovalis were rarely found in the locations
and were absent in Budo and Wori areas.
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Figure 3. Average of seagrass percent cover in each sampling
location (error bar is SD + mean)

Location Ea (%) Th (%) Cr (%) Hp (%0) Ho (%) Si (%)
Bulo 15,41 22,39 5,66 0,14 0,12 2,62
Budo 16,51 23,50 5,06 - - 0,93
Darunu 22,65 22,76 10,63 2,25 0,78 1,69
Wori 24,21 6,68 5,18 - 0,06 1,52

Note: Ea= Enhalus acoroides, Th= Thalassia hemprichii, Cr= Cymodocea rotundata, Hp= Halodule pinifolia, Ho= Halophila ovalis,

Si= Syringodium isoetifolium



2160

Seagrass health condition measurement

The percentage cover category of seagrass meadows in
the Wori District was measured at 42.75%, which indicated
a moderate coverage by two works of literature assessment
(Table 3). By the coverage condition, the health status of
seagrass meadows in each location was categorized
as unhealthy. The environmental parameters were reported
to similar values at all locations. The temperature ranged
from 29 to 31°C, salinity ranged from 29 to 31%o, and pH
ranged from 7.9 to 8.2. No significance difference of the
temperature (p= 0.16; F = 2.22), salinity (p = 0.06; F =
3.89), and pH (p = 0.12; F = 2.67) among locations (Table
4). The Tukey HSD as a post-hoc test noted that salinity
between Darunu and Wori has a significant difference. The
risks identified at each location were categorized based on
the majority of activity that may disturb the condition and
coverages of the seagrass (Table 5).

With the identification of the abundance, species
formed the seagrass-bed in Wori District Water, this
finding was corroborated by the previous finding 6-10
species within and nearby North Minahasa (Patti and Rifai
2013; Rustam et al. 2015; Suraji et al. 2015; Kamaruddin et
al. 2016; Kusumaningtyas et al. 2016; Bongga et al. 2021).
About 10 species from the Eastern part of Indonesia
(Supriyadi et al. 2018b), 8 species in Ternate (Makatipu et
al. 2015), 6 species in Biak-Numfor, Papua (Giyanto et al.
2016), and 15 species were recorded in Indonesia (Sjafrie
et al. 2018). The T. hemprichii and E. acoroides were the
most abundant among the species discovered. This finding
supports the claim that both species are the most common
species in Indonesia waters (Hernawan et al. 2017; Sjafrie
et al. 2018). From 423 study sites across Indonesia, T.
hemprichiiwas found in 371 locations, while E.
acoroides were found in 357 locations (Hernawan et al.
2017; Sjafrie et al. 2018).

Environmental parameters such as temperature, salinity
and tidal current affected seagrass growth and reproduction
(McKenzie 2008; Rahman et al. 2016). Environmental

Table 3. Seagrass species status at each location
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parameters recorded in the study site are still acceptable for
seagrass to grow. The temperature range found in this
present study, 29.67-30.67°C, is still in the range of optimal
growth for tropical/subtropical species 23°C-32°C (Lee et
al. 2007). In addition, a decrease in salinity could cause a
decline in the seagrass growth rate (Lamit and Tanaka
2021). Salinity can affect seagrass growth, structure,
function and distribution (Salo et al. 2014). However, the
average salinity in the study area was similar among all
sites. Marine plants, including primary seagrass
productivity, were affected by temporal variation in pH
(Mvungi et al. 2012). The low seawater pH inhibited the
physiological activity of seagrass leaves (Andika et al.
2020).

Globally, the disappearance of seagrass meadows is not
balanced by conservation and restoration efforts (e.g.,
seedling and planting) (Devault and Pascaline 2013). The
rate of damage to seagrass ecosystems globally is
unpredictable, but the dominant cause of damage is
anthropogenic activity (Potouroglou et al. 2017; Unsworth
et al. 2019). For example, the decrease in seagrass beds in
Indonesia resulted from human activities and natural
factors in the coastal environment, including waves, strong
currents, storms, earthquakes, tsunamis, and climate change
(Sjafrie et al. 2018; Sudo et al. 2021). In addition, threats
from sedimentation and nutrient runoff processes, physical
disturbances, species invasion, disease, destructive
commercial fishing practices, gleaning, unsustainable
marine aquaculture, and global warming are factors
originating from human activities that can contribute to the
degradation of seagrass on a large scale of square meters to
hundreds of square kilometers (Orth et al. 2006; Unsworth
et al. 2018; Unsworth et al. 2019). Seagrass damage is
mostly caused by fishing boats, development activities, and
the increasing number of people living in coastal areas
(Potouroglou et al. 2017).

. Percentage cover
Location g

COREMAP CTI LIPI
Percent Cover Category

Ministry of Environment
200/2004 Health Status

0,

(%) (Rahmawati et al. 2014) Category
Bulo 43.44£20.9 Moderate Unhealthy
Budo 46.28 £ 27.6 Moderate Unhealthy
Darunu 43,78 £ 28.5 Moderate Unhealthy
Wori 36.55 + 25.5 Moderate Unhealthy
Table 4. Current environment parameters

Location Temperature (° C) Salinity (%o) pH

Bulo 30.67+0.5 3000 800
Budo 29.67+0.5 30.33+0.5 8.10+0.1
Darunu 30.0%0 30.67+0.5 800
Wori 30.33+0.5 29.33+0.5 7.97+0.1




Table 5. Identification of potential risks of the seagrass-bed ecosystem in Wori District, Indonesia areas including the community activities (modified from seaweed farming risks; Kambey et al.

2021)

Components

Potential risk observed

Risk mitigation measures

Risk challenge

Seagrass habitat

Species

Gleaning

Anchoring, mooring and boat
propeller

Sedimentation

Environment and climate
change

No zoning system for industrial and tourism
within the area which may potential scarified

of the seagrass habitat for developing the area

Decrease and loss of many important and
economical marine species

Trampling and walking could cause damage
to seagrass meadows

Boat anchor and propeller could cause
damage to seagrass meadows

The High sedimentation rate causes damage
to seagrass meadows

Decrease area and loss of many ecosystem
services

Need a Risk assessment of the ecosystem for proving the
evidence of the functionality of the seagrass-bed service
(Rifai et al. 2022).

The Marine Spatial Planning for the areas should incorporate
environment-based management (Rifai et al. 2022)

Need a Risk assessment of the ecosystem for proving the
evidence of the functionality of the seagrass meadow (Sudo et
al. 2021).

Need a Risk assessment of the ecosystem for proving the
evidence of the damage to the seagrass meadows (Furkon et
al. 2019).

Need a Risk assessment of the ecosystem for proving the
evidence of damage to the seagrass meadow (La Manna et
al. 2015).

Need a Risk assessment of the ecosystem for proving the
evidence of sedimentation in the seagrass meadow
(Potoroglou et al. 2017)

Need a risk assessment on the impacts of climate change on
the seagrass ecosystem (Kendrick et al. 2019)

Lack of strong evidence-based studies for
the further decision of management by the
government, the competent authority, and
policymaker to have a local regulation

Need further studies to prove with evidence

Some fisher’s livelihood depends on fish
caught from seagrass meadows

The only waterway transportation to some
islands nearby and fisher boats

Sediment sources are from agricultural
activities

Lack of strong evidence-based studies
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Seagrass meadows are declining globally, therefore
effort on monitoring this ecosystem is important and
urgent. The measurement of changes in extent cover,
biomass, or densities of seagrass abundance reflects natural
and human disturbances in seagrass meadow and is
therefore commonly used by many monitoring programs
(Neckles et al. 2012; Congdon et al. 2018). Furthermore,
monitoring seagrass health can help mitigate food demand
and stabilize the climate (Unsworth et al. 2019). Therefore,
seagrass monitoring action is a valuable tool for improving
management practices and providing information about
seagrass beds’ status and condition, indicating whether they
are stable, decreasing, or increasing (McKenzie et al.
2001). Through P20 LIPI (Coremap-CTI project), the
Indonesian government has initiated a program for
monitoring Indonesian seagrass beds’ current status and
condition. Currently, 423 sites across Indonesia have been
monitored (Hernawan et al. 2017). Validated data from 110
monitoring stations across Indonesia reports that the
seagrass area covers from 2015 to 2017 were 46%, 37,58
and 42,23%, respectively (Sjafrie et al. 2018). The overall
status is unhealthy when categorized following the Minister
of Environment Decree No. 200/2004. Taking into
consideration, this trend is in line with the results from the
present study, as we found that the current status of 4
seagrass beds in the Wori District is unhealthy.

This study also identified several potential risks of the
seagrass meadows ecosystem in the Wori District related to
coastal communities’ activities. Several risks have been
recognized, such as no zoning system on seagrass use
related to tourism industries, damage on seagrass meadows
caused by anchoring, mooring, and boat propeller,
gleaning, sedimentation and climate change impact. These
risks, if not managed properly, may be led to local seagrass
meadows degradation and species loss. As seagrass species
are degraded, biodiversity loss could lead to serious
repercussions for human and marine diversity (Short et al.
2011).

Since there is no study recorded in our study sites, we
cannot compare the past conditions to the current
conditions of the seagrass ecosystem in determining
whether it is stable, declining, or improving. We realized
that seagrass ecosystems are dynamics where their
condition cannot be the same all the time as environmental
factors affect their growth to be either increasing or
declining. As a result, the seagrass area in one location can
change every time (Sjafrie et al. 2018). However, regular
monitoring of percentage cover is one effort to detect
changes in seagrass meadows area over time (Congdon et
al. 2018). Therefore, assessing seagrass status using percent
cover is a suitable parameter to detect changes and
determine the status of seagrasses at the site up to the
species level (Short et al. 2006). The percentage of seagrass
cover in the study site was found to be moderate and the
health status is unhealthy. We assumed that several factors
could drive these findings. Gleaning, tourism activities
(boat anchoring and mooring), sedimentation, and the
effect of climate change are among potential threats that
could cause damage and decline in seagrass meadows
abundance in the study area.
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Gleaning

The condition of seagrass meadows was assumed to be
affected by anthropogenic threats in the study sites. The
high rate of human activity in the area, such as gleaning on
marine biota during low tide, could have negatively
impacted the seagrass. Seagrass beds have important roles
for local communities (e.g., fishing and gleaning). In all the
study sites, these types of activities were practiced by local
communities to catch invertebrates and fishes and also
treated as a food source as well as an additional income
source. Gleaners’ daily activities include gleaning in a
seagrass bed and mangrove forest and searching for
gastropods, bivalves, and fishes. Gleaning can support a
community’s livelihood, however, this activity can also
potentially cause damage to seagrass. For example, people
will accidentally step and tramp on seagrass, which can
inhibit the growth and reproduction of seagrass. Trampling
by gleaners is considered to cause damage to seagrass
meadows (Furkon et al. 2019; Unsworth et al. 2019).
Moreover, the trampling can cause fragmentation of
seagrass and result in the reproductive output of E.
acoroides (Vermaat et al. 2006). Apart from that, walking
activities at this location can result in the uncovering of
sediments in water bodies, resulting in high turbidity of the
waters, thereby potentially reducing light penetration. This
can cause disturbances to the primary productivity of
seagrass ecosystems because seagrass requires high light
intensity for photosynthesis. Bivalves harvesting also
significantly impacted seagrass meadows as their declines
can affect water qualities (Congdon et al. 2018; Fales et al.
2020) and lose their role as epiphytes cleaner in seagrass
leaves (Peterson and Heck 2001).

Anchoring, mooring and boat propeller

Coastal inhabitants in this district use seagrass
meadows in many ways, such as a source for food (fishing
and gleaning), waterway, and boat mooring and anchoring
area. All study sites have jetties for boats, and this
condition could potentially damage seagrass meadows.
Wori sites had the lowest percent cover compared to other
sites. This is due to human activities in the seagrass
surrounded area and the run-off from the river. Crowded
waterway transportation, from small to big boats and
driven of sediment and freshwater from the river to
seagrass meadows area are among human activities.
Moreover, in Wori and Budo, the jetties are also used as an
alternative harbor to travel to Bunaken Marine National
Park and the nearby islands. Boat propeller, mooring, and
anchoring from those activities could cause damage to
seagrass meadows (Demers et al. 2013; Unsworth et al.
2017; Luff et al. 2019). Anchor and mooring on seagrass
meadows cause direct physical damage (Cullen-Unsworth
and Unsworth 2018). Boat propeller scarring can harm
leaves and roots, while anchoring and mooring can uproot
or expose delicate seagrass roots (La Manna et al. 2015).
The impact of damage is different in spatial scale. Still, it
will mostly lead to the elimination of seagrass above and
below-ground biomass and the transformation of cover and
formation of seagrass meadows (Reed and Hovel 2006).
Anchors of small and large boats can cause scars and dig
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deep into the sediment and remove massive sediment
blocks (Boudouresque et al. 2012). Boat anchor can cause
turbidity then leads to a reduction in light in the water
column, particularly low light penetration to the deeper
edge of seagrass beds which could affect their growth
(Poedjirahajoe et al. 2013; Kirkman 2014; Rustam et al.
2014; Browne et al. 2017).

Sedimentation

Hills surround the Wori District area in the land, and
some villagers practice agriculture. The clearing of forests,
land intensification and extensification of new agriculture
areas for planting coconuts, bananas, cassavas, fruits, and
vegetables are agricultural activities that could treat
seagrass meadows downstream. Land-use practices were
thought to be one of the threats to marine ecosystems,
including seagrass meadows (Saunders et al. 2017). Land-
based activities affected seagrass meadows in terms of
exporting organic and inorganic materials (Quiros et al.
2016). Terrestrial forest clearing drives soil erosion and
sediment transport through rivers and streams and dumps in
estuaries and coastal waters (Bjork et al. 2008). Sediment
load to the coastal area can cause a problem for seagrass
meadows. Sediment loading to seagrass meadows from
watersheds, deforestation and mangrove clearing are
among the biggest impacts on tropical seagrass decline
(Duarte et al. 2008). In addition, watershed size, human
development, and farmland had a negative impact on the
seagrass state (Quiros et al. 2016). Equally, dredging
activities inland can also increase sediment erosion and
eutrophication in coastal waters and as a resulting decline
and degradation of seagrass meadows (Waycoat et al.
2009). Erosion and sediment transport can cause a change
in light attenuation penetration, leading to seagrass
elimination (Duarte et al. 2008; Browne et al. 2017).
Sediment discharge in the form of fine sediment has a
negative impact on seagrass meadows as it can reduce light
penetration (Zabarte-Maeztu et al. 2020). Likewise,
seagrass decline is also collectively responsible for various
pressures from coastal development, nutrient run-off from
the land, and climate change (Potouroglou et al. 2020).

Climate change

Climate change causes changes in the seagrass
population and community structure (Pergent et al. 2014;
Kendrick et al. 2019; Salimi et al. 2021). Even though the
further examination is needed on the study sites, climate
change has significant impacts on seagrass meadows
globally, including on our study sites. Sea level rise,
increase in temperature, a rise in CO2 level, increase in
storm events, and wave energy power is among the effects
of climate change (Brodie and N’Yeurt 2018). As the most
severe threat among the global climate factors, ocean
warming causes losses of dominant macrophytes, including
seagrass along their equatorial range boundaries and range
extensions into polar regions (Duarte et al. 2018). The
global temperature predicted will be increased between 2-
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40C by 2100 (IPCC 2007), as a result, when the
temperature increases or is extreme, most of the tropical
seagrass species will experience lessen in their growth and
respiration rate increase and leading to their mortality
(IPCC 2013; Collier and Waycott 2014; Frazer et al. 2014;
Short et al. 2016). Moreover, as temperature increases over
seagrass thermal tolerance, this can decrease population or
possible extinction at latitudinal locations (Hyndes et al.
2016; Wilson and Lotze 2019). Changes in mean seawater
temperature might be critical to the growth of seagrass by
affecting their slender shoots and fewer leaves (Koch et al.
2013; Pansini et al. 2021). Prediction of rising sea surface
level up to 1.1m in 2100 could lead to the disappearance of
seagrass area to about 17% (Saunders et al. 2013) when
seagrass meadows sub-merge below the present level
following an increase in water depth that can cause a
decrease in light availability on meadows, and seagrass
extent decline significantly (Scalpone et al. 2020).
Likewise, additional wind and wave energy from hurricane
and tropical storm events can cause physical damage to
seagrass (Congdon et al. 2019). Extreme hydrodynamic
conditions generated from storms can damage tropical
marine ecosystems (James et al. 2021). Waves caused by
storms affect seagrass meadows by erosion and burial,
which lead to uprooting (Oprandi et al. 2020).

Among the treats mentioned, human activities, namely
gleaning, anchoring, mooring, and boat propeller, are the
factors that potentially affect the most seagrass meadows
condition in the study sites. This statement is based on
many coastal communities in the study area rely their
livelihood on these activities; these activities are their daily
activities, and these activities are practiced in all study
sites. Climate change could be another factor that should be
considered that will affect seagrass meadow’s condition in
the present day and the future.

In conclusion, the overall status of seagrass meadows in
the study sites was unhealthy, while coverage was moderate.
Present study results are crucial and need further action to
overcome this finding, or the status regarding the issue
could worsen and lead to the loss of the services provided.
What is alarming is that all of the sites in this study were
predicted to be sites that will be able to rapidly develop
with the increase in urban human population, coastal
development, fisheries, tourism industries, and climate
change shortly. Therefore, we conclude that actions are
needed to combat the status of seagrass meadows in the
study sites. We recommend that management efforts should
therefore be focused on decreasing the effect of decline and
damage on seagrass meadows through methods such as
providing education campaign programs to the stakeholders
to change their attitudes on anchoring and mooring
practices, implementing environmentally friendly gleaning
fisheries, designing and using long-term monitoring
program on health status, and the conservation and
restoration. Further studies, though, also are recommended
to identify more potential risks that could damage seagrass
meadows and their mitigation actions.
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