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Abstract. Gastropods are benthic invertebrates from the Mollusca phylum that live in association with
seagrass meadows on various types of substrates in the intertidal zone. This study aims to analyze the
species composition and density of gastropods in seagrass meadows. The study was carried out from
November to December 2016 in Rarat Village, Gorom Island, East Seram, Maluku. Estimation of seagrass
and gastropods was conducted using a systematic sampling method. Analysis of species composition,
density, and regression analyses were carried out to determine the influence and relationship of seagrass
communities with gastropods. There were 7 seagrass species from 2 families, including 4 species from
the Potomogetonaceae family (Enhalus accoroides, Thalassia hemprichii, Halophila ovalis, Halophila
spinulosa), and 3 species from the Cymodoceaceae family (Cymodocea rotundata, C. serrulata,
Thalassodendron ciliatum). A total of 266 individual gastropods, representing 30 species, 13 families, and
4 orders were identified. The highest density was determined for Conus virgo (Conidae), the highest
number of species was from the family Strombidae (7 species), and Neogastropods was the order that
dominated the gastropod community, with a total of 16 species from 8 families. The density of the
gastropod community was positively related to the density of seagrass vegetation (r=0.62), but seagrass
vegetation only gave a 39% effect on the density of gastropods (R2=0.39). Important conservation
efforts are carried out through monitoring and controlling the flow of rivers that lead to seagrass
meadows to support the life of seagrass vegetation and gastropod communities.
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Introduction. Seagrass is a coastal waters vegetation that has fully adapted to the
marine environment, and grows to form seagrass meadows in coastal waters, estuaries,
intertidal to subtidal zones (Waycott et al 2004; Latuconsina 2020). Seagrass acts as a
nutrient cycler, supporting aquatic productivity (Erftemeijer et al 1993; Erftemeijer &
Middelburg 1995). Seagrass vegetation can grow on various types of substrates, ranging
from sandy, muddy, coral rubble to coral reef areas, so that the type of substrate also
affects the distribution, species composition and density of seagrass vegetation
(Latuconsina & Dawar 2012; Irawan & Nganro 2016; Latuconsina et al 2020).

Gastropods are invertebrates of the classes of the Mollusca phylum associated
with seagrass meadows, because, ecologically, gastropods are an important component
in the food chain in seagrass meadows whose infauna live on sedimentary substrates or
attach to seagrass leaves (Kusnadi et al 2009). The eating habits of gastropods are
diverse, being detritus feeders, herbivores (grazers) and scavengers (Severns 2000;
Moore 2006; Kusnadi et al 2009). Gastropods have a relatively strong relationship with
seagrass vegetation, increasing in density with increasing seagrass vegetation density
(Latuconsina et al 2013; Latuconsina & Samal 2020; Fajeri et al 2020).

Ecological studies and gastropod biodiversity studies in seagrass meadows have
been widely carried out in Indonesia, including in Lampung (Sari et al 2019), Belitung,
Bangka Belitung (Cappenberg & Wulandari 2020), Pramuka Island, Seribu Islands
(Ekaningrum et al 2012), Lamongan, East Java (Hitalessy et al 2015), Barrang Lompo
islands, Makassar and Tanakeke, Takalar, South Sulawesi (Omar et al 2001; Litaay et al
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2017), Talise Island, Wori coast, Minahasa, North Sulawesi, and Tomini Bay, Gorontalo
(Arbi 2011; Arbi 2012; Saripantung et al 2013; Sianu et al 2014; Roring et al 2020), Moti
Island, North Maluku (Arbi 2011), Osi and Tatumbu Island, Kotania Bay, West Seram,
and Kei Kecil Islands, Maluku, (Cappenberg 1996; Kusnadi et al 2008; Latuconsina et al
2013; Latuconsina & Samal 2020); Nabire, Papua (Souisa et al 2019).

The number of studies on gastropod communities in tropical seagrass meadows,
especially in Indonesia, shows the large role and potential of seagrass meadows as
important habitats for gastropod communities. One area that has the potential for
seagrass meadows with various types of substrates and seagrass vegetation in the
intertidal zone is in Rarat Village, Gorom Island, East Seram, Maluku. The habitat of
seagrass meadows in this area is supporting local fishing activities, one of which is the
harvesting of gastropods for consumption needs. However, scientific information
regarding the gastropod community is still lacking, so research on the biodiversity and
density of gastropods in seagrass meadows in the intertidal zone is very important in
supporting seagrass meadow management strategies for sustainable gastropod
utilization.

Material and Method. This research was conducted from November to December 2016,
in Rarat village, Gorom Island, East Seram, Maluku, Indonesia. The determination of
three research stations was done considering that each station was located at the
entrance of a small river in the sea (Figure 1). Observations of seagrass vegetation and
gastropod communities was conducted using a systematic sampling method
(Setyobudiandy et al 2009). Line transects were placed in a quadrant/plot (1 m?), with a
distance between quadrants of 15-20 m and a distance between transects of 50 m placed
perpendicular to the shoreline. There was a 100 m distance between research stations
(Figure 1).
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Figure 1. Research location.

Identification of the type of substrate at each station was carried out visually. The
substrate was taken at the beginning, middle and end of the transect of each research
station. Identification of seagrass species was conducted according to Waycott et al
(2004). The identification of gastropods was conducted after Abbott & Dance (1990),
Carpenter & Niem (1998), Severns (2000), and www.sealifebase.org.

Data analysis was conducted to determine the ecological parameters of seagrass
vegetation and gastropod, namely species composition and density. Gastropod
composition was carried out by comparing the number of individuals of each species with
the total number of individuals of all species using the following formula (Fachrul 2007):
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Sc = ni/N x 100

Where: Sc - gastropod species composition (%); ni - number of individuals of each
gastropod species; N - number of individuals of all gastropod species.

Species density is the number of individuals per unit area. The density of each
type of seagrass and gastropod was calculated using the formula of Odum (1983):

Di = ni/A

Where: Di - species density (ind m™); ni -total number of individuals of a species
(individuals); A - sampling area (m?).

Regression and correlation analyses were carried out to determine the effect and
relationship between the total density of seagrass vegetation with the density of
gastropod communities using Microsoft Excel 2010.

Results and Discussion. Rarat village is included in the territory of the Gorom Island,
East Seram, Maluku. It has a very gentle topography, with the potential for extensive
seagrass meadows in the intertidal zone. During the lowest tide, most of the seagrass
meadows are exposed, and local people carry out activities to collect fishery resources
(fish, molluscs, crustaceans) in the seagrass area to meet their food needs (Figure 2).
This fact shows the importance of seagrass meadows in the waters of Rarat village,
Gorom Island as a food source for local communities. According to Unsworth et al (2010),
seagrass meadows play an important role in supporting fishery stocks, food security and
fishing activities for coastal communities (Unsworth et al 2014; Unsworth et al 2019).

Figure 2. “"Bameti” is the activity of local communities to collect gastropods and other
fishery resources at low tide in seagrass meadows in the intertidal zone of Rarat Village,
Gorom Island, East Seram, Maluku.

The coastal waters of Rarat village in the intertidal zone have the potential of mixed
seagrass meadows and are adjacent to three small river estuaries. Station 1
(131°25'40.369"E and 4°0'9.269"S) contains a small river with an estuary width of 5 m.
It is overgrown with three genera of mangroves (Bruguiera, Rhizophora and Nypa) with
low density. Seagrass is growing 70 m from the shoreline towards the sea, in a diverse
substrate is dominated by muddy sand (on the beach), but with coarse sand and coral
rubble towards the sea near the subtidal zone. The waters are quite protected because
there are small islands located close to the sea. Station 2 (131°25'42.862"E and
4°0'36.477"S) has a river mouth with a width of 7 m. There is one genus of mangrove
vegetation (Rhizophora) with medium density. Seagrass grows 90 m from the shoreline
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towards the sea, with a predominantly sandy mud substrate on the shore, to coarse sand
and coral rubble near the subtidal zone. Station 3 (131°25'44.731"E and 4°1'5.554"S)
has a river mouth with a width of 3 m and no mangrove vegetation. The first seagrass
growing distance from the shoreline is 50 m towards the sea. The substrate is composed
of muddy sand on the beach and coral rubble towards the sea. According to Waycott et al
(2004), seagrass vegetation can grow on various types of substrate, being widely
distributed in estuaries, coastal waters, intertidal to subtidal zones, and coral reefs.

Biodiversity and density of seagrass vegetation. Observation results on seagrass
communities identified seven tropical seagrass species belonging to two families, namely:
Hydrocharithaceae family with four seagrass species (Enhalus accoroides, Thalassia
hemprichii, Halophila ovalis, and Halophila spinulosa, and Cymodoceaceae family with
three species (Cymodocea rotundata, Cymodocea serrulata, and Thalassodendron
ciliatum). The density level of each seagrass species at the three research stations is
presented in Figure 3.
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Figure 3. Tropical seagrass vegetation density at three research stations in the intertidal
zone of Rarat village, Gorom island, East Seram, Maluku.

Figure 3 shows the highest density of seagrass vegetation at station 1 with a total
density of 245.4 ind m™2 and the lowest at station 2 with a total density of 129.7 ind m™,
The highest species density is for E. acoroides. According to Waycott et al (2004), E.
acoroides is widely distributed in estuarine, coastal, intertidal to subtidal and coral areas,
because it can grow on various types of substrates such as muddy, sandy, and coral
rubble. Irawan & Nganro (2016) and Latuconsina et al (2020) found that seagrass E.
acoroides is widely distributed on various types of substrates in the Inner Ambon Bay,
and forms a single vegetation field with a muddy substrate type, as well as in association
with other seagrass species to form mixed vegetation with substrate type is muddy,
sandy, and coral rubble.

The seagrass with the lowest vegetation density was T. cilliatum at all research
stations (Figure 3), although it was scattered in all stations. T. ciliatum found were not
widespread, because they were only found in intertidal areas and associated with corals.
According to Waycott et al (2004), C. serrulata and C. rotundata are usually found in
seagrass meadows from coastal areas, coral to subtidal zones, while T. cilliatum has a
narrow distribution, namely in subtidal and coral zones. For H. ovalis and H. decipiens are
seagrass species that are widely distributed in coastal areas, estuaries, subtidal, and
coral reef areas.

Biodiversity, composition and density of gastropods. The number of gastropods
found in seagrass meadows at the study site was 266 individuals, representing 30
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species, 13 families, and 4 orders. The highest number of gastropod species was from
the family Strombidae (7 species), and the order with the dominating number of species
was Neogastropod, with 8 families and 16 species (Table 1).

Table 1
Gastropod biodiversity between research stations in tropical seagrass meadows in the
intertidal zone of Rarat village, Gorom island, East Seram, Maluku

Research Station

Order Family Species St.1 St.2 St.3

Archaeogastropoda Trochidae Trochus maculatus Linnaeus, 1758 +
Trochus niloticus Linnaeus, 1767

Strombidae Strombus sp.
Strombus aratrum (Roéding, 1798)
Strombus bulla (Réding, 1798)
Littorinimorpha Strombus lentiginosus Linnaeus, 1758
Strombus luhuanus Linnaeus, 1758
Strombus urceus Linnaeus, 1758
Lambis lambis (Linnaeus, 1758)

4o |4

Coniidae Conus mangus Linnaeus 1758
Conus leopardus (Roéding, 1798)
Conus marmoreus Linnaeus, 1758
Conus miles Linnaeus, 1758
Conus virgo Linnaeus, 1758
Costellariidae Vexillum plicarium (Linnaeus, 1758)
Cypraeidae Cypraea sp. 1
Cypraea sp. 2
Cypraea tigris (Linnaeus, 1758)
Lyncina vitellus (Linnaeus, 1758)
Muricidae Chicoreus brunneus (Link, 1807)
Olividae Ancilla sp.
Oliva reticulata (Ro6ding, 1798)
Terebridae Terebra subulata (Linnaeus, 1767)
Turbinellidae Vasum turbinellum (Linnaéus, 1758)
Volutidae Cymbiola vespertilio (Linnaeus, 1758)

L R

I Ny

Neogastropoda

R e e e

4+ 4+
1

Cherithiidae Cerithium nodulosum Bruguiére, 1792
Rhinoclavis articulata (Adams & Reeve, 1850)
Neotaenioglossa Rhinoclavis aspera (Linnaeus, 1758)
Ovulidae Ovula ovum (Linnaeus, 1758)
Tonnidae Tonna cepa (Rdding, 1798)

R
1
1

4+
+ 1
o 4 4

Note: (+) - found; (-) - not found; St - station.

The number of gastropod species found in the intertidal seagrass meadows on Rarat
village is relatively high when compared to other findings in several seagrass meadows in
Indonesia. Roring et al (2020) found 11 species from 7 gastropod families in Minahasa,
North Sulawesi. 12 species from 11 families were found in Tomini Bay, North Sulawesi
(Sianu et al 2014). 12 species from 8 families were identified in Belitung Island
(Cappenberg & Wulandari 2020). 12 species from 7 families were found in the Riau
archipelago (Fajeri et al 2020), 16 species from 8 families in Tangkil Island, Lampung
(Sari et al 2019). However, the number of species identified by us is still lower than the
number reported by some other authors. Litaay et al (2017) found 34 species from 14
families in Tanakeke Island, South Sulawesi. 38 species from 24 families were found in
Osi Island, Kotania Bay, West Seram, Maluku (Cappenberg 1996), 49 species from 12
families in Nabire, Papua (Souisa et al 2019), 80 species from 26 families in Kei Kecil
Island, Southeast Maluku (Kusnhadi et al 2008), 81 species from 28 families in seagrass
meadows on Barrang Lompo Island, South Sulawesi (Omar et al 2001).

Latuconsina et al (2013), Kusnadi et al (2008), Souisa et al (2019), and
Latuconsina & Samal (2020) also found the family of Strombidae with the highest
number of species in seagrass meadows. According to Kusnadi et al (2009), all species of
the family Strombidae are herbivores and live in muddy sand substrates.

The highest gastropod biodiversity was found at station 1, with 21 species from 10
families, while at station 2, 14 species from 7 families were found, and 14 species from 6
families were found in station 3 (Table 2).
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Seram, Maluku, Indonesia

Table 2
Number of individuals, composition and density of gastropods between research stations
in tropical seagrass meadows in the intertidal zone of Rarat village, Gorom Island, East

Station 1 Station 2 Station 3
Family Species s Sc D s Sc D s Sc D
(%) (ind/m?2) (%) (ind/m2) (%) (ind/m2)
Trochidae Trochus maculatus 7 6.7 0.7
Trocus niloticus 5 5.8 0.5
Strombus sp. 2 2.7 0.2
Strombus aratrum 2 1.9 0.2 7 8.1 0.7
Strombus bulla 4 5.3 0.4
Strombidae Strombus lengtiginosus 5 4.8 0.5
Strombus luhuanus 5 4.8 0.5 4 4.7 0.4 9 12.0 0.9
Strombus urceus 4 3.8 0.4 9 10.5 0.9 6 8.0 0.6
Lambis lambis 2 1.9 0.2 5 5.8 0.5 6 8.0 0.6
Conus mangus 6 5.7 0.6
Conus leopardus 6 5.7 0.6 9 10.5 0.9 8 10.7 0.8
Conidae Conus marmoreus 4 3.8 0.4 7 8.1 0.7 5 6.7 0.5
Conus miles 3 2.9 0.3 5 5.8 0.5 4 5.3 0.4
Conus virgo 12 11.4 1.2 10 11.6 1.0 11 14.7 1.1
Costellariidae Vexilium plicarium 9 8.6 0.9 8 9.3 0.8 5 6.7 0.5
Cypraea sp. 1 6 5.7 0.6
. Cypraea sp. 2 2 1.9 0.2
Cypraeidae Cypraea tigris 10 95 10 3 35 0.3
Lyncina vitellus 2 2.3 0.2
Muricidae Chicoreus bruneus 3 4.0 0.3
Olividae Ancilla. sp. 3 2.9 0.3
Oliva reticulate 3 2.9 0.3
Terebridae Terebra subulata 3 2.9 0.3
Turbinellidae Vasum turbinellum 0.0 10 11.6 1.0 3 4.0 0.3
Volutidae Cymbiola vespertilio 6 5.7 0.6
Cerithium nodulosum 4 3.8 0.4
Cherithiidae Rhinoclavis articulata 7 9.3 0.7
Rhinoclavis aspera 2 2.7 0.2
Ovulidae Ovula ovum 3 2.9 0.3
Tonnidae Tonna cepa 2 2.3 0.2
Total 105 100 10.5 86 100 8.6 75 100 7.5

Note: X - number of individuals; Sc - species composition; D - density.

The total gastropod density found in the seagrass meadows of Rarat village is high,
ranging from 7.5 to 10.5 ind m™2, when compared to the report by Fajeri et al (2020) in
the seagrass meadows of Senggarang Besar, Riau Islands, Indonesia, which ranged from
0.35 to 2.95 ind m™. Other authors alos found a lower density in similar meadows.
Latuconsina et al (2013) found a density of gastropods of 1.62-3.52 ind m™2 in the
seagrass meadows of Osi Island, West Seram, Indonesia, and Latuconsina & Samal
(2020) found a total gastropod density range of 1.09-1.14 ind m™2 in the seagrass
meadows of Tatumbu Island.

The high biodiversity and density of gastropods in tropical seagrass meadows in
the intertidal zone in Rarat village, especially at station 1, is thought to be closely related
to the high density of seagrass vegetation supported by various types of substrates which
are able to provide diverse habitats for gastropod communities (Table 2). The gastropod
with the highest species composition and density values, widespread at all observation
stations was Conus virgo (Table 2). According to Abbott (1991), this species is found
mostly on muddy shallow beaches. According to Kusnadi et al (2009), all species of the
family Conidae are herbivorous and carnivorous, and live on muddy sand substrates.
According to Kusandi et al (2009), gastropods live on the bottom substrate of the waters
or attached to seagrass leaves. Thus, the existence seagrass vegetation supports the
abundance and biodiversity of gastropods classified as herbivores, but also the filter
feeders that absorb organic particles on the substrate.

ABAH Bioflux, 2021, Volume 13, Issue 2.
http://www.abah.bioflux.com.ro/ 79



Relationship between seagrass and gastropod. The higher gastropod community
density was found in seagrass meadows with diverse substrates, with the predominance
of muddy sand and coarse sand to coral rubble, with a high level of seagrass vegetation
density at station 1. The lowest gastropod community density was found at station 3,
which has only muddy sand substrate and coral rubble.

The results of the regression analysis show the relationship and influence of
seagrass vegetation density on gastropods density in the intertidal zone of Rarat village,
East Seram Maluku (Figure 4).
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Figure 4. Regression graph of the relationship between tropical seagrass vegetation and
gastropods based on the estimated total density on each transect.

Figure 4 shows that the effect of seagrass vegetation density on gastropod community
density is only 39% (R?=0.39), meaning that the seagrass vegetation only has an effect
of 39% on the gastropod community density, and 61% of gastropod density in the
seagrass meadows is influenced by other factors. Meanwhile, the relationship between
seagrass vegetation density and gastropod community density showed a strong
relationship of 62% (r=0.62). This phenomenon is suspected to occur because most
gastropods are infauna biota that live in substrates where seagrass vegetation grows;
thus, not all gastropods have a high dependence directly on seagrass vegetation. As
reported by Fajeri et al (2020), from 12 gastropod species associated with seagrass
vegetation, 11 species had a negative association with seagrass vegetation, and only one
species had a positive association level, namely Rhinoclavis aspera. According to Kusnadi
et al (2009) and Latuconsina et al (2013), gastropods found in seagrass meadows mostly
live on the substrate under the seagrass canopy, and a small part attach to seagrass
leaves.

The existence of seagrass vegetation functions as a nutrient cycler and primary
producer (Erftemeijer et al 1993; Erftemeijer & Middelburg 1995). It also has roles in
binding sediments, and protecting and stabilizing shorelines (Christianen et al 2013;
Ondiviela et al 2014). Thus, the presence of seagrass vegetation indirectly plays a role in
supporting the density of the gastropod community, because the seagrass meadows is
used as a habitat for growth, feeding, protection and support, and other biological
activities for the gastropod community.

Thus, efforts to conserve seagrass meadows are important. The efforts should
include controlling anthropogenic activities that have a negative impact on seagrass
meadows around watersheds, by increasing turbidity and sedimentation. The gastropod
community will subsequently be affected. According to Quiros et al (2017), proper
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management of seagrass meadows should be responsible for the management of
adjacent watersheds.

Seagrass meadows can be used as an ecological indicator to see the influence of
river flows that carry sediment material and pollution loads to the intertidal zone of Rarat
village, Gorom Island, East Seram, which have the potential to affect gastropod
communities. According to van Katwijk et al (2011), seagrass systems can respond to the
influence of rivers at landscape, ecosystem and individual levels, so that they are suitable
as early warning indicators to avoid greater environmental damage.

Conclusions. A total of 266 individual gastropods representing 30 species, 13 families,
and 4 orders were identified, showing the high gastropod biodiversity in the seagrass
meadows of Rarat village of Gorom Island, Maluku. The highest density of gastropods
was presented by C. virgo (Conidae). The family with the highest humber of species was
Strombidae, and Neogastropods was the order with the dominant number of families and
species. The density level of seagrass vegetation is influenced by the characteristics of
the bottom substrate of the waters. The number and density of gastropod species have a
strong positive correlation with the density of seagrass vegetation, and the presence of
seagrass vegetation has an indirect effect on the density of gastropods. Management of
seagrass meadows in the intertidal zone must consider the presence of watersheds,
which play an important role in the dynamics of environmental parameters, thereby
affecting the spatial distribution and density of seagrass vegetation, which will affect the
biodiversity and density of gastropods.
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