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Abstract

Benthic ecosystem has been widely considered as an important feature of seagrass associated fauna, and its
function as a grazer and linkage between primary producers and higher trophic level is well known. Though the
importance of benthic fauna in seagrass ecosystems has been indicated in many studies, its biodiversity in spatial
scale has often been poorly studied. This study aimed at examining the assemblages and diversity of benthic
associated fauna in conservation areas (CA) and non-conservation areas (NCA) across the seagrass meadows in
Bali and Lombok. This study found that the assemblages and diversity of benthic fauna greatly varied between the
meadows. A total of 430 individuals associated to benthic fauna from 24 species were identified in Bali and Lombok.
Of these, Gastropods were the highest class of taxa recorded in this study, followed by Bivalvia, Echinodermata,
Decapoda, and Amphipoda. Permutation multivariate analysis of variance (PERMANOVA) revealed a significantly
different benthic fauna diversity between sites. Non-metric Multidimensional Scaling (nMDS) and Bray-Curtis
analysis showed a clear distinction of benthic fauna assemblages between CA and NCA, both in Bali and Lombok.
These results indicated that from spatial perspective, different characteristics of seagrass meadows may represent
different biodiversity of associated fauna. These differences might be driven by different anthropogenic pressure
and variation of substrates among the meadows which may affect the composition of the benthic fauna ecosystems.
The implication of this study was to providing baseline data on guiding the appropriate approach and strategies for
management and conservations of seagrass ecosystems.
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Introduction The existence of seagrass enhances
biodiversity by providing a habitat for a wide range of

Seagrass is an aquatic angiosperm which lives
submerged in coastal ecosystem. This marine
flowering plant is widely distributed along temperate
and tropical regions, but the highest diversity is
centered in tropical Indo-Pacific (Jhon et al., 2023).
Along with mangrove and coral reef, the seagrass
provides ecological services such as primary
producers, shoreline protection, seabed stabilizer,
and it could act as nursery ground for many
commercially caught species (Unsworth et al., 2019;
Jiang et al., 2020; Park et al., 2020). Despite their
enormous ecological services, the seagrass
meadows also have the potential to sequester large
amounts of organic carbon in underlying sediments
(Miyajima et al., 2022).

associated fauna. Its leaves are a suitable substrate
for a number of epiphytes to grow and form laminates
assemblage by high species diversity microorganism
(Hartati et al., 2018; Atmaja et al., 2021). The
seagrass physical structure often attracts a wide
variety of benthic organisms (epifauna and infauna)
such as gastropods, decapods, mollusks, and some
polychaeta worms (Leopardas et al., 2014; Liao et al.,
2015; Ambo-rappe, 2016). These benthic organisms
play a significant role in the seagrass ecosystems as
they act as macro-grazers which determine the
patterns of epiphyte assemblages in seagrass,
especially in high anthropogenic activities, which are
positively associated with high dense of epiphytes
leading to the reduction of survival rates of seagrass
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because of limited light (Noisette et al., 2020). In
addition, epifauna organisms have been accounted
as a key factor in controlling epiphytes composition
and assemblages on seagrass leaves by grazing them
(Murphy et al., 2021). Furthermore, benthic
biodiversity plays a critical role in the food web,
forming trophic linkage between primary producers
and higher level predators, such as fish and larger
vertebrates in the food chain (Ramesh and
Mohanraju, 2020).

Investigation on benthic diversity is very
important to facilitate deeper understanding of
monitoring seagrass beds as a vital marine
ecosystem. In addition, a small alteration of this
primary producer’s composition can indirectly impact
associated fauna communities (Blake et al., 2014;
Cadier and Frouws, 2019; Voigt and Hovel, 2019;
Brun etal., 2021). A few studies have been conducted
about associated epifauna diversity in seagrass beds,
yet they only focused on temperate and sub tropic
regions instead of the tropical ones (McDonald et al.,
2016; Stark et al., 2018; Whippo et al., 2018; Barnes,
2021). Although the most recent study on benthic
macrofauna in North Sulawesi and Northern Papua,
Indonesia has been carried out in multispecific
seagrass beds (Lin et al., 2018; Tasabaramo and
Nugraha, 2023), other areas especially in Bali and
Lombok have so far received only little attention.

In the case of Bali and Lombok, these islands
have gained significant attention to attract tourism,
which may become a threat to seagrass ecosystem
and its associated fauna. This study aimed at
investigating benthic communities between seagrass
meadows in non-conservation areas (NCA) and
conservation areas (CA). In doing so, the goal of this
study was to fill the gap on the effectiveness of
conservation areas in ensuring a greater diversity,
especially on seagrass benthic communities. The
disparity between NCA and CA can be distinguished

from the utilization, management, protection, and
goals to ensure sustainability of marine biodiversity
that exists in the area. Conservation Area (CA) was
built to protect vulnerable species, minimize
extinction risk, and enhance the productivity and
diversity of marine populations (Griffiths et al., 2022).

The aforementioned meadows support the
existence of benthic fauna serving a vital function as
the trophic link between primary producers and
larger, more mobile nekton. The need for broad scale
comparisons of different seagrass characteristics is
the key to understanding seagrass complexity and
deducing the biodiversity consequences of habitat
loss. Hence, this study examined the following
hypothesis: the level of benthic fauna assemblages in
CA is higher and more diverse than that of in NCA,
both in Bali and Lombok.

Materials and Methods

This study was conducted on two islands, Bali
and Lombok. There were four sites on each island.
Each two represent Non-conservation Area (NCA) and
Conservation Area (CA) (Table 1., Figure 1.).

In Bali, Shindu (SND) and Samuh (SMH),
located on the south of the island, were selected as
NCA sites, while Labuhan Lalang (LBL) and Teluk
Terima (TTR), parts of West Bali National Park
(Polunin et al., 1983) were selected as the CA sites
(Surat  Keputusan  Menteri  Kehutanan  No
493/Kptsll/1995). Gili Kedis (GKD) and Tanjung
Kelor (TJK), located in Southwest of Lombok Island,
were selected as the NCA sites. Meanwhile, located in
northeast of Lombok, Gili Lawang (GLW) and Gili Sulat
(GSL) were selected as CA sites (SK Bupati No.
188.45/452/KP/2004; SK Gub. nomor 523.1-972
Tahun 2016) Tentang pengesahan RPZ KKP3K NTB
Tahun 20162036).

Table 1. Sites name in each island, codes, categories, and coordinates of collecting data

Site Code Category Latitude Longitude

Bali

Samuh SMH NCA 8°47'11.14"S 115°13'47.76"E
Shindu SND NCA 8°41'1.10"S 115°15'54.04"E
Labuhan Lalang LBL CA 8°9'11.65"S 114°31'17.18"E
Teluk Terima TTR CA 8° 8'31.68"S 114°32'20.77"E
Lombok

Tanjung Kelor TIK NCA 8°44'24.10"S 116° 1'32.10"E
Gili Kedis GKD NCA 8°43'50.66"S 116° 1'33.47"E
Gili Lawang GLW CA 8°17'39.74"S 116°42'27.62"E
Gili Sulat GSL CA 8°20'45.61"S 116°44'25.02"E
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Figure 1. Plotted location of collecting data of epifauna in different seagrass meadows in Bali and Lombok: refer codes of each
site from Table 1. Classification of seagrass objects using random forest method in Google Earth Engine and

visualization using QGIS 3.16

All data were collected during a low tide
condition to makes counting shoot density and
collecting specimens possible. Based on previous
studies, all of the locations consisted of
heterogeneous seagrass species (Purnomo et al.,
2017; Atmaja et al., 2021; Syukur et al., 2021). Five
replicates of square quadrat (1 m?2) were sampled on
each targeted species in every site to count seagrass
percentage cover with the comparison to the picture
available in each square on observation area (Figure
2.) (Mckenzie and Yoshida, 2009).

The collection of benthic fauna samples was
based on previous studies which have been
conducted on multispecific seagrass with a little
modification (Lefcheck et al., 2016; Whippo et al.,
2018). In each site and replicates, sampling of
benthic macrofauna (> 0.5 mm in size) was done by
counting any visible species found on quadrats
(Wagey et al., 2017). For micro benthic fauna (< 0.5
mm in size), samples were collected using PVC corer
with an inner diameter 12 cm and pushed down into
to a depth 20 cm (Bououarour et al., 2021). All
collected samples were sieved (0.5 mm mesh size).

Then, specimens were retained and preserved in a
bottle containing diluted seawater with formalin. The
bottle was then named according to sites and placed
on cool box with ice for further analysis. In the
laboratory, epifauna specimens were examined under
the microscope and identified to the lowest possible
taxon based on book entitled “Fauna (Epibenthic and
Epifauna) associated with Seagrass Ecosystem in
Palk Bay and Gulf of Mannar” by Rajan et al. (2017).
Every identified species was counted and expressed
as the density of benthic fauna (ind.m-2).

Data analysis

The conditions of benthic communities were
described using Shannon-Wiener Index (H),
Evenness Index (E), and Dominancy Index (C) (Beisel
et al., 2003). The Shannon-Wiener Index (H’) was
used to determined fauna diversity, as follows:

n
(H)= ) pilnp;
i=1
where, n represents the number of species and p;
represents the proportion of individuals.
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To identify the similarities between benthic
communities among seagrasses, we used Evenness
Index (E), as follows:

HI
E)= —
(E) InS
where, (H’) is Shannon-Wiener Index and S is the
number of taxa estimated in this study.

Meanwhile, Dominancy Index (C) was used to
analyze species commonly found and dominated the
communities, quantified using the following formula:

©=Y

where, n is the number of species and p; is the
proportion of individuals.

Permutational  multivariate  analysis  of
variance (PERMANOVA) has been widely used in
ecology because of the sensitivity to heterogeneity
and the changes in dispersions of organisms and
ecological communities (Anderson and Walsh, 2013;
Kelly et al, 2015; Anderson, 2017) hence,
PERMANOVA was used to test the difference of
species richness and abundance of benthic species
between the seagrass and the sites (NCA - CA). The
community composition of the seagrass within the
sites was analyzed using Bray-Curtis dissimilarity
matrices of the epifauna abundance. Non-metric
Multidimensional Scaling (nMDS) was used to
visualize the distribution pattern in a two-dimensional
ordination. nMDS represents the original data in a
multidimensional scaling as accurately as possible
using the reduction in the dimensions (Cheng, 2004).
Similarity  Percentage (SIMPER) of species
contribution was used to investigate the species
primarily accounted for observing the differences and
to generate a ranking of its contribution in the benthic
communities (Gibert and Escarguel, 2019).
PERMANOVA, Bray-Curtis dissimilarity, nMDS, and
SIMPER were conducted using PAST 4.03.

Results and Discussion

Seagrass conditions

Based on the observation, each site had
different kinds of seagrass species, including their
shoot density, percent coverage, and substrate
characteristics (Table 2.). Also, it was observed that
the density of seagrass species found in CA tended to
be greater than those found in NCA, especially for the
most common found species (e.g. Enhalus acoroides,
Cymodoceae rotundatta, and Thalassia hemprichii),
both in Bali and Lombok. These kind of seagrass

species has also found in previous study on several
places in Indonesia (Kawaroe et al., 2016; Hernawan
et al., 2021). The reason that CA has greater density
of seagrass than NCA is possibly because meadows
in NCA suffered more eutrophication effect that could
decreased seagrass leaf production, demographic
balance, growth rate, and lead to shoot mortality
(Gladstone-Gallagher et al., 2018; Ontoria et al.,
2019; Pazzaglia et al., 2020). In contrary, NCA tended
to have more seagrass species than those in CA,
where the highest number found was in SMH (7
species). The highest percentage coverage of
seagrass was found on CA in Bali (TTR and LBL), with
the value of +84 %, followed by CA in Lombok, which
consisted of GSL (#69 %) and GLW (x79 %). The
lowest mean value of percentage coverage was
recorded in GKD (235 %), while in SMH, SND, and TJK
were +62 %, +54 %, and +48 %, respectively.

The meadows formed by seagrasses have
characteristics that make them a suitable habitat and
shelter for many species for animals, offers hiding
places that protects against predation (Lin et al.,
2018; Cadier and Frouws, 2019; Su et al., 2020). The
results of this study show there were 5 groups of taxa
found among the meadows, which were Gastropods,
Bivalvia, Echinoderms, Decapods, and Amphipods.
These groups of taxa were the most common found in
the seagrass beds and were congruent with other
studies’ findings conducted in Akkeshi Bay, Japan
(Yamada et al., 2007), Virgin Islands, USA (Valdez et
al., 2021) Gazumbo Island, Malaysia (Vian et al.,
2022), Barra Grande Beach, Brazil (Cavalcante et al.,
2019), Philippines (Wagey et al., 2017), Barrang
Lompo Island, Indonesia (Ambo-rappe, 2016), and
Northern of Papua, Indonesia (Tasabaramo and
Nugraha, 2023).

Comparisons of benthic fauna diversity between
different meadows

This study provided the first attempt in
becoming a reference state of the structural
community of benthic fauna among different
seagrass meadows in Bali and Lombok, Indonesia. A
total of 430 individuals associated benthic fauna
were collected representing 24 species in seagrass
meadows across Bali and Lombok (Table 3.). Of
these, 5 classes of taxa were identified as follows:
Bivalvia, Gastropoda, Echinodermata, Decapoda, and
Amphipoda (Figure 3.). The major groups of benthic
faunal, ranked by species, were Gastropods (30.93
%), Bivalvia (23.25 %), Echinoderms (21.62 %),
Decapods (13.95 %), and Amphipods (10.23 %).

The composition of benthic fauna assemblages was
varied across the meadows in Bali and Lombok.
However, on all of the taxa groups, the composition
percentage of benthic fauna assemblages in CA was
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higher than NCA, both in Bali and Lombok.
Specifically, each of these taxa comprised of 5
species of Bivalvia, 7 species of Gastropods, 5
species of Echinoderms, 4 species of Decapods, and
3 species of Amphipods.

This study also revealed that the conservation
areas (CA) were exhibited by higher and more diverse
benthic fauna assemblages and composition on both
islands, which supports the hypothesis in this
research. As shown in Table 3, conservation area (CA)
comprised of higher species richness of benthic
fauna assemblages than in non-conservation area
(NCA), both in Bali and Lombok.

This result was associated with the density
condition of two meadows. which CA has greater
density than NCA. This finding was in line with
previous studies that stated higher number of shoot
density is positively correlated with an increase in
macrofaunal diversity (Seith and Ewers, 2018;

Lundquist et al., 2018; Alsaffar et al., 2020). Results
of permutation multivariate analysis of variance
(PERMANOVA) test revealed a clear difference
between test pairs (CA and NCA) (P< 0.01; P< 0.05),
each in Bali and Lombok, respectively (Table 4.). In
addition, the nMDS plot (Figure 4.) and the
dendogram of Bray-Curtis (Figure 5.) showed a clear
separation between prospected sites (CA and NCA, in
Bali and Lombok), indicating the differentiation
between benthic fauna assemblages among sites.

There are two possible reasons of the
assemblages’ differences found in this study. Firstly,
this finding was likely driven by differences of benthic
assemblages may occur due to different
anthropogenic pressure between CA and NCA. Such
variations in benthic fauna composition over a large
scale could rise from the supposition that each
habitat has its unique characteristics. All CA sites in
this study, especially LBL and TTR, part of West
National Bali Park, were built to ensure the sustainability

.REEftﬂﬂ = mixed. Tha!assfafﬁymodoceaffnha!us

Figure 2. Percent cover standard from Seagrass - Watch to estimate percent coverage of seagrass in observation area / quadrats

(Mckenzie and Yoshida, 2009).
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Table 2. Condition of seagrass species found along sites of seagrass meadows in Bali and Lombok

Species SMH SND LBL TTR TIK GKD GLW GSL
EA 10,445,75 10,1+2,91 16,45+3,48 19,35+4,13 6,25%3,2 7,1+6,91 10,6+3,06 11,65+4,79
CR 8,315,87 19,5+7,61 26,35+5,35 30,2+13,41 14,9+7,26 16,2+8,3 24,15+6,5 23,95+6,99
CSs 7,45+4,96 9,85+7,35 0 0 0 0 0 0
HO 5,9+4,67 3,5+4,24 5,55+4,77 0 10,55+2,9 4,95+9,17 0 0
HU 109,1+32,2 0 45,4+7,83 55,9+8,5 6+8,5 0 33,95+4,32 24,5151
HP 50,65+11,74 0 13,545,5 0 5,75+6,1 41,95+40,3 25,2455  39,35+8,39
HM 0 0 0 10,15+14,1 0 0 0 0
Sl 124+82,4 0 73,4165,3 0 0 0 0 0
TH 0 13,4+6,02 34,5+10 26,2+12,2 12,75%+8,5 10,05+8,43 31,45+6,9 30,65+4,49
Av. Percent 62% 54% 84% 84% 48% 35% 69% 79%
Coverage
Substrate texture Sand Sand Sandy clay  Sandy clay Sand Sand Sandy mud  Sandy mud

Notes: EA (Enhalus acoroides), CR (Cymodoceae rotundatta), CS (Cymodoceae serrulate), HO (Halophila ovalis), HU (Halodule
uninervis), HP (Halodule pinifolia), HM (Halophila minor), S| (Syringodium isoetifolium), TH (Thalassia hemprichii)

Table 3. Density (ind.m-2+SD) matrices of associated benthic fauna on seagrass meadows across Bali and Lombok

Species Name SMH SND TTR LBL TIK GKD GLW GSL
Bivalvia

Callocardia sp. 1+0.7 - 7+1.1 5+0.6 2+0.8 2+0.6 7+1.09 6+0.6
Limaria cumingii 1+1.2 2+0.6 2+0.6 3+0.6 3+0.6 - 5+0.6 7+1.6
Lioconcha castrensis 2+0.7 - 2+0.8 310.9 - - 4+0.6 4+0.6
Modiolus sp. - 1+0.6 3+0.6 1+0.6 - 1+0.6 2+1.09 110
Tellina sp. 4+1.9 6+2.7 - 3£0.9 - 9+1.4 1+0 -
Subtotal 8 9 14 15 5 12 19 18
Gastropoda

Cerithium balteatum 1+1 2+0.6 5+1.1 7+1.3 - 2+0.6 8+0.6 6+1.8
Cerithium punctatum 1+1.4 - 2+1.5 4+1.3 1+0.6 - 10+4.6 5+0.6
Cerithium rostratum - 2+1.1 1+0.6 5+1.9 1+0.6 310.6 7+0.63 2+0.6
Cypraea sp. 1+0 2+0.6 - 1+0 1+0.6 240.6 - -
Littorina sp. - 1+0 2+0.6 1+0.4 - - 3+0.63 1+0.8
Sconsia sp. 2+1 3+0.6 4+1.4 5+1.4 1+0 2+0.6 4+0.63 1+0.6
Natica sp. - 2+0.9 4+1.9 6+1.7 - 2+1.4 5+0.63 2+0.6
Subtotal 5 12 18 29 4 11 37 17
Echinodermata

Holothuria edulis - - 3+1.7 4+1.7 1+0 - 2+0.63 4+0.6
Holothuria scabra 1+1.2 - 5+1.1 310.6 - 1+0 - 4+0.6
Diadema setosum 10+2.5 9+2.8 - 5+0.6 7+1.4 - -
Temnopleurus sp. 31+1.6 1+0.9 5+1.9 7+£2.7 2+0.6 1+0 7+1.4 4+1.09
Archaster typicus 1+0 1+0.6 - - - 240.6 - -
Subtotal 15 11 13 14 8 11 9 12
Decapoda

Alpheus sp. 3+1 2+0.6 10+2 8+0.9 - - 7+0.6 3+0.6
Penaeus sp. 1+1 - 2+0.9 4+0.6 1+1 - 2+0.6 3+0.8
Callianassa sp. - 1+0 - - - 310.6 - -
Galathea sp. 1+0.7 4+0.9 - - - 510 - -
Subtotal 5 7 12 12 1 8 9 6
Amphipoda

Caprellidae sp. - - 4+1.4 3115 - - 6+1.4

Ampelisca sp. 1+0 - 612 6+1.4 - - 5+0.6 7+0.6
Gammaropsis sp. - 1+0.6 - - 2+0.6 - - 3+0.6
Subtotal 1 1 10 9 2 0 11 10
Total 34 40 67 79 20 42 85 63

Notes: En dash indicates that the species was not detected when sampled. Site abbreviation as in Table 1.
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of ecological community, including seagrass
ecosystems. Thus, these areas were highly restricted,
and a specific permit to access and enter is needed
to keep it pristine as long as possible. This regulation
was designed to protect and enhance the specific
diversity of productivity of the ecosystems (Turnbull et
al., 2018; Griffiths et al., 2022). Meanwhile, NCA
sites, categorized as disturbed areas, tend to be
influenced by highly anthropogenic pressure that
directly impacts the seagrass ecosystems as a shelter
and may lead to the decline of the abundant benthic
fauna (Horinouchi, 2007). Consequently, the benthic
fauna assemblages in CA were greater than those
NCA among the sites in Bali and Lombok.

Secondly, their distribution and abundance
may be strongly caused by different variations of
substrates between sites (Table 2.). Benthic fauna
generally prefers to inhabit muddy and clay
substrates as a habitat (Sahidin et al., 2018).
Additionally, mud and clay substrates were known to
have a high content of organic matter (Trannum et al.,
2021), and also served as the main intake for some
benthic organisms that are deposit feeders such as
bivalves (Sanmarti et al., 2018; Grafnings et al.,
2023). Based on these facts, the variation of
substrates in CA, both in Bali and Lombok, may lead
to significant differences in benthic fauna
assemblages on those meadows.

In terms of species richness, this study also
revealed diverse benthic fauna for the seagrass beds
in both islands, led by gastropods, as the highest
ranking of species group. This finding was in line with
other studies conducted on Amphibolis griffithii
meadows (Gartner et al., 2013). Moreover, in the
complex seagrass - mangrove adjacent ecosystems in
Punang-Sari estuary, Sarawak (Malaysia), it was also
found that gastropods had the highest documented
individuals than bivalves, echinoderms, and
decapods (Al-Asif et al., 2020). The most dominant
species was from genus Cerithium (e.g Cerithium
balteatum, Cerithium punctatum, and Cerithium
rostratum). This result was in line with several studies
which focused on associated fauna in seagrass beds
in Malaysia (lllias et al., 2021; Vian et al., 2022) and
Indonesia (Tasabaramo et al., 2023).

Furthermore, there was evidence that due to
seagrass loos, the composition and the structure of
mollusks had decreased, especially for the
gastropods associated with the leaf and sediment
stratum (Rueda et al, 2009). This indicates the
gastropods and seagrass were very dependent to
each other, in which the seagrass provides a suitable
habitat for gastropods and the gastropods act as the
grazer to clean seagrass leaves from the microalgae
epiphytes attached in the leaves (Nakaoka, 2005;
Nakamoto et al., 2019). Thus, this could enhance the

possibility of seagrass in terms of photosynthetic
activity due to light limitation caused by epiphytes’
lamination and attachment (Brodersen and Kuhl,
2022; Zhang et al., 2022).

Patterns and distribution of benthic faunal diversity

The Shannon-Wiener (H’), Evenness (E), and
Dominancy (C) indices of benthic fauna assemblages
were varied among the prospected sites (Table 5.).
The Shannon-Wiener Index (H’) ranged from 2.0553
to 2.5802 in all sites, which indicated high diversity
and stable condition. The highest value of H' index
was observed at CA Bali, while the lowest value was
found at NCA Lombok. The Evenness Index ranged
from 0.61203 to 0.77889 in all sites, with the lowest
value at NCA Bali and the highest one at CA Lombok.
This Evenness values indicate that the relative
abundance was equal among the sites and was
evenly distributed. Meanwhile, the Dominancy Index
ranged from 0.06404 to 0.102107 in all sites, with
the NCA Bali having the highest value and the CA Bali
having the lowest value. The values of the Dominancy
Index in this study indicate that there was no species
dominating in abundance among the sites. The low
stress value of nMDS ordination (0.1356) indicates
that the ordination was a good representation of the
underlying dissimilarity values between benthic
faunal in two different seagrass meadows. The nMDS
result (Figure 4.) shows that there was a clear
distinction and differentiation in benthic fauna
assemblages between conservation areas (CA) and
non-conservation areas (NCA), both in Bali and
Lombok. However, there was high similarity for
conservation areas (CA) in each site, both in Bali and
Lombok, gathered in one group (LBL, TTR, GLW, GSL).
However, there was high similarity for conservation
areas (CA) in each site, both in Bali and Lombok,
gathered in one group (LBL, TTR, GLW, GSL).

Furthermore, the cluster analysis also
confirmed the clear distinction of benthic fauna
assemblages between the two categories of seagrass
meadows in this study (Figure 5.). Bray-Curtis
dendrogram cluster analysis shows there was two
groups that divided the meadows (CA and NCA). The
first group consisted of TIK, SND, GKD, and SMH, was
categorized as NCA. Meanwhile, the second group,
categorized as CA, consisted of TTR, LBL, GLW, and
GSL and was characterized by having highest
similarity.

According to the similarity of the percentage (SIMPER)
analysis (Table 6.), valued at 56.42 % of dissimilarity
between the sites, there was no species contributing
more than 10% in the result analysis (Table 6.).
Diadema setosum was the species with the highest
contribution (8.966 %), followed by Alpheus sp. (7.476
%), Tellina sp. (7.136 %), Cerithium balteatum (6.12
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%), Ampelisca sp. (6.074 %), and the rest with less
than 6 %. According to the SIMPER analysis, D.
setosum had the highest percentage of the
contribution to dissimilarity between the sites in Bali
and Lombok. D. setosum, a sea urchin with a black
and long spine and distinct white dots on its body, is
commonly found widespread along the Indo-Pacific
regions and is thought to be ecologically important in
shallow subtidal ecosystems. The study about
associated D. setosum has been reported on

seagrass ecosystems in several places in Indonesia
(Muzaki et al., 2019; Susetya et al., 2019; Moka et
al., 2021; Freitas et al., 2022). In seagrass, D.
setosum was reported to feeding crustaceans and
foraminifera, and controlling algal coverage by acting
as grazers (Ishikawa et al., 2016; Luza and Malay,
2019). Thus, the D. setosum may play an important
role as keystone species in seagrass ecosystems,
especially in controlling epiphytic lamination on
seagrass leaves.

Table 4. Result summary of PERMANOVA in examining benthic fauna assemblages on seagrass meadows between sites in Bali

and Lombok
Factor Test Pairs P

NCA Bali - CA Bali 0.0001*
NCA Lombok - CA Lombok 0.0001~*

Between sites NCA Bali - NCA Lombok 0.0145*
CA Bali - CA Lombok 0.0017**
NCA Bali - CA Lombok 0.0001*
NCA Lombok - CA Bali 0.0001*

Note: Comparisons were made using Bray-Curtis similarity matrices based on untransformed percentage cover data with the
number of permutations was 9999 in all cases (*=P< 0.01 ; **= P< 0.05).

Table 5. Result of diversity indices consisted of Shannon-Wiener Index (H’), Evenness Index (E), and Dominancy Index (C) on
benthic fauna assemblages between seagrass meadows between sites in Bali and Lombok

Sites Shannon-Wiener (H’) Evenness (E) Dominancy (C)
NCA Bali 2.1819 0.61203 0.102107
CA Bali 2.5802 0.74786 0.06404
NCA Lombok 2.0553 0.66669 0.095797
CA Lombok 2.5584 0.77889 0.064125
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Figure 3. Species richness of benthic fauna in conservation area (CA) and non-conservation area (NCA) at Bali and Lombok
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The second highest proportion of species
based on the SIMPER analysis was Alpheus sp. These
burrowing alpheid shrimps can be commonly found
foraging on seagrass leaves (Palomar et al., 2004).
Additionally, Alpheus sp. plays the role of collecting
seagrass leaves/litter materials and preventing the
export of organic materials from seagrass meadows.

Therefore, in terms of nutrient cycling, these
burrowing shrimps (Alpheus sp.) may tighten the
pathways between seagrass and decomposition
process, as this material (i.e., seagrass leaf, organic
litter) decomposes until they become available again
for the uptake of seagrass roots (Vonk et al., 2008).
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Figure 4. Two dimensional nMDS plot ordination based on benthic fauna assemblages between group of NCA (SMH, SND, TJK,
GKD) and CA (LBL, TTR, GLW, GSL), both in Bali and Lombok. Ordination was based on Bray-Curtis matrices from
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Table 6. Result of similarity of percentage (SIMPER) on benthic fauna assemblages between seagrass meadows between sites
in Bali and Lombok (based on average dissimilarity 56.42 % with Bray-Curtis matrices)

Taxon Average dissimilarity Mean Abundance Contribution % Cumulative %
Diadema setosum 5.059 19.375 8.966 8.966
Alpheus sp. 4.218 20.625 7.476 16.44
Tellina sp. 4.026 14.375 7.136 23.58
Cerithium balteatum 3.453 19.375 6.12 29.7
Ampelisca sp. 3.427 15.625 6.074 35.77
Cerithium punctatum 3.268 14.375 5.774 41.55
Callocardia sp. 3.207 18.75 5.684 47.23
Conclusion Alsaffar, Z., Pearman, J.K., Curdia, J., Ellis, J., Calleja,

Alteration in the composition of community or
species assemblages have been and continue to be
subject of intense interest, especially in the different
characteristic’s biodiversity spots. This study revealed
that conservation area (CA) was exhibited by greater
abundance of associated fauna in seagrass beds
than those in non-conservation area (NCA), which was
also confirm our hypothesis. Different anthropogenic
pressure and characteristics of sediment could be a
key point that makes a significant difference between
the prospected sites. In conclusion, we addressed
that the result of this study may be important in terms
of  seagrass management, particularly in
effectiveness of conservation area to protects the
biodiversity within. For further studies, we addressed
the issues of climate change in seagrass ecosystems
and multi decadal data of associated fauna
biodiversity that must be taken in the future studies
to conserve and protect our seagrass ecosystems as
a whole.
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