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ABSTRACT

This research aims at examining the physical-chemical conditions of the environment, substrate conditions,
and taxa composition of gastropods in the mangrove forest area on the island of Ambon. The research was
conducted for 3 months, starting from May until July 2016. This research was carried out in the mangrove
area on several beaches of Ambon Island including Tawiri village, Passo village and Suli village. The results
of this research showed that the temperature on the Tawiri beach ranged from 29-30 oC, the temperature on
the Passo beach ranged from 27-28oC, while the temperature on Suli beach ranged from 26-28o C. The
salinity of water on the Tawiri beach ranged from 24-30 0/00, The salinity in the Passo beach ranged between
26-29 0/00 , while the salinity on the Suli beach ranged between 18-29 0/00. The pH of the seawater on the
Tawiri beach ranged from 6-6.8, the pH of the seawater in the Passo beach ranged from 6.4-67, while the pH
of the seawater on the Suli beach ranged from 6-6.5. Dissolved oxygen (DO) on the Tawiri beach ranged
from 0.9-8 ppm, the dissolved Oxygen on the Passo beach ranged from 5-16.1 ppm, while Dissolved Oxygen
on the Suli beach ranged from 4-10 ppm. Generally, the substrate composition in the three research locations
was clay, dusty clay and sandy clay. Mangrove forest in Suli village has a higher number of species, which
is as many as 23 species, and then followed by 20 species in the Tawiri village, and 12 species in the Passo
village. There is a significant correlation between temperature factor and gastropod diversity in several
mangrove forests on Ambon island.
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Introduction

The total area of mangrove forests reaches 200,000
Km2 spreading over tropical and sub-tropical coast-
lines (Cunha-Lignon et al., 2011; Iftekhar, 2008).
Spalding et al. (1997) state that the total of mangrove
forest area is 8% of the coastline length, where ¼ of
the total mangrove forest in the world is along the
coastline of the tropics. Duke et al. (2007) also ex-
plain that as much as 2% of mangrove forests extinct
every year. This extinction has ecological, social and

economic impacts on humans. Mangrove forests are
recognized as important resources in economic and
ecological contexts because they have high produc-
tivity (Berger et al., 2008; Dolorosa and Dangan-
Galon, 2014). The area of the mangrove forest plays
a role as a spawning area or shelter for aquatic or-
ganisms that have important ecological functions as
well as high economic value. Mangrove forests also
act as a source of timber production, as a place for
accumulation of sediments, nutrients and pollut-
ants. Mangroves can also play a role in preventing
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erosion, they can even reduce the risk of natural di-
sasters such as tsunamis. Therefore, it is called as
coastal water stabilizers (Ayukai et al., 1998; Alongi,
2002; Alongi and Carvalho, 2008; Bouillon et al.,
2008).

Mangrove ecosystems are a comfortable habitat
for various types of marine and terrestrial fauna.
Mangrove detritus is known to be a food source for
decomposers in the food chain like
macroinvertebrates such as crabs and gastropods
(Bouillon et al., 2002; Kristensen et al., 2008). In addi-
tion, Khade and Mane (2012) explained that the
roots and lower parts of the mangrove tree are sub-
strate for several organisms such as shrimp and
shellfish. Various invertebrate species are known to
be associated with mangroves, but molluscs are the
most in the context of species richness, biomass and
density (Nagelkerken et al., 2008; Li et al., 2012). The
research conducted by Maia and Coutinho (2013)
concluded that mangrove deforestation had a sig-
nificant effect on the distribution of gastropods M.

coffeus, both the size and density of population. The
existence of various types of fauna in mangrove eco-
system is highly dependent on several factors, such
as, species composition, the production of leaves,
twigs, and sediments. The results of the research
conducted by Tavares et al. (2015) conclude that
mangrove branches in the bottom of the water are a
good shelter for gastropods small-sized M. coffeus.
However, the distribution of gastropods in man-
grove forests is influenced by various environmen-
tal quality factors.

The research conducted by Suratissa and
Rathnayake (2017) found that gastropod diversity
was lower in mangrove areas which kept a lot of
household waste. Other research results also show
that environmental factors, such as temperature, pH
salinity and dissolved oxygen, tide elevation, salin-
ity, sediment texture and forest types, have a signifi-
cant effect on the distribution of gastropods in man-
grove forests (Nagelkerken et al., 2008; Beasley et al.,
2005). For example, the soil around the mangroves

Fig. 1. Research location (Note:   Tawiri village waters, Passo village waters, Suli village waters)



358 Eco. Env. & Cons. 26 (1) : 2020

in the Rhizophora zone has a higher nitrogen con-
tent than that in the Avicennia zone. Sediments that
have high levels of salinity also reduce the availabil-
ity of nutrients for organisms (Kathiresan et al.,
1996). Most gastropods are a type of organism that
can climb (tree climber) so that it can avoid the ups
and downs of the tide. Nevertheless, Irma and
Sofyatuddin (2012) suspect that the high density
and distribution of gastropods in mangrove forests
is more due to their mobility.

Ambon Island is one area that has the potential of
mangrove forests. However, The existence of man-
grove forests on the island of Ambon faces a serious
threat due to the high level of development and
population growth. Both of these cause the disposal
of household waste in the form of plastic waste
which generally will be concentrated in the man-
grove area. In addition, the construction of residen-
tial areas in the highlands also causes sediment ac-
cumulation in the mangrove area. This certainly af-
fects the existence of organisms living in mangrove
forests. Therefore, this resarch aims at examining
the physical-chemical conditions of the environ-
ment, substrate conditions, and gastropod diversity
in the mangrove forest area on the island of Ambon.

Materials and Methods

This research is a descriptive correlational research
which aims at revealing the structure of the mol-
luscs community in Ambon Island. This research
was conducted for 3 months, starting from May
until July 2016. This research was carried out in the
mangrove area on several beaches of Ambon Island
(Figure 1), i.e. the coastal waters of Tawiri, the
coastal waters of the Passo village and the coastal
waters of Suli village. These aread were selected be-
cause based on the results of the preliminary obser-
vations, the three mangrove forest areas have differ-
ences in substrate composition. Tawiri Beach has a
sandy and a little rocky substrate, Passo beach has a
muddy and sandy substrate, while Suli beach has a
muddy, rocky and sandy substrate.

The research activities included direct data col-
lection in the mangrove areas at designated points
using Global Positioning Systems (GPS), to deter-
mine the position of transects and sample plot at the
research location. Gastropod sampling was carried
out when sea water receded using the linear qua-
dratic transect method. After that, a transect with a
length of 50 meters was made at each observation

station. The position of the transect line was placed
vertically from the coastline to the lowest tide,
where the distance between transects was 20 meters.
The total number of the transects were 28 transects,
where 8 transects were made on the Tawiri coast, 10
transects were made at Passo coast, and 10 transects
were made on the Suli coast. The size of the sample
plot used at each location was 1×1 m2  and placed
parallel to the transect line. There were 5 quadrats at
each transect with the distance between the sample
plots 10 meters. Thus the total number of sample
plots as a whole was 140 quadrats.

The data obtained in this study were physical-
chemical conditions of water, substrate / sediment
composition, and gastropod species. The Shannon-
Wiener diversity index (H ‘) was then used to deter-
mine the diversity of gastropod species (Ludwig
and Reynolds, 1988). The correlation between the
physical-chemical environmental factors and the
diversity of the diversity of gastropods was ana-
lyzed by using inferential statistics, i.e. the multiple
linear regression analysis.

Results and Discussion

The Physico-Chemical Factors of the Environment

The results of measurements of the physical-chemi-
cal factors of the aquatic environment in mangrove
forests (Fig. 1) showed that the temperature variable
on the coastal waters of Tawiri ranged from 29-30
oC, the temperature at the coastal waters of Passo
ranged from 27-28 oC, while the temperature on the
coastal waters of Suli ranged from 26-28 oC. In addi-
tion, the seawater salinity measurement results
show that the salinity of the water at the coastal
waters of Tawiri beach ranged between 24-30 ‰, the
salinity at the coastal waters of Passo beach ranged
between 26-29‰ , while the salinity at the coastal
waters of the Suli beach ranged between 18-29 ‰.
Moreover, the measurement results of the pH of
seawater show that the pH on the coastal waters of
Tawiri beach ranged from 6-6.8, the pH of the
coastal waters of Passo beach ranged from 6.4-6.7,
while the pH at the coastal waters of Suli beach
ranged from 6-6.5. Fig. 1 also shows that the dis-
solved oxygen (DO) on the Tawiri beach ranged
from 0.9-8 ppm, the DO on the Passo beach ranged
from 5-16.1 ppm, while the DO on the Suli beach
ranged from 4-10 ppm.

The variation in water quality parameters is a
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regional climate pattern and biological activity.
Generally, sea surface temperatures are strongly
influenced by the intensity of sunlight, evaporation,
freshwater flow and tides. Similarly, salinity is af-
fected by dilution and evaporation. The entry of
freshwater will reduce salinity, while evaporation
will increase salinity. Besides, pH reflects CO2 con-
centrations in seawater. If the concentration of hy-
drogen ions is higher, the pH will be higher or alka-
line, and vice versa. The causes of reduced oxygen
in water are, such as, the release of oxygen into the
air, the flow of ground water into the waters, the
presence of iron, reduction caused by the pressure
of other gases in water, biota respiration and com-
position of organic matter (Palanisamy and Khan,
2013).

beach was clay, dusty clay and sandy clay.
Different from that in Tawiri, the substrate condi-

tion of the mangrove forest in Passo village has dif-
ferent composition (Fig. 3), that is, the substrate is
formed by elements such as stone, gravel, very
rough sand, rough sand, medium texture sand, fine
sand, very fine sand, clay and dust. The results of
the analysis also show that medium sand and rough
sand are the dominant elements. The results of the
sediment analysis show that generally the sedi-
ments on the beach in Passo Village are clay, dusty
clay and sandy clay.

Fig. 1. The Physicochemical Properties of the Mangrove
Ecosystems

Composition of Substrate in Mangrove Forests

Substrates have an important role for the life of gas-
tropods. Generally gastropods live in substrate to
determine the pattern of life, death, and types of
organism. Organic matter and substrate texture
greatly determine the presence of gastropods. The
texture of the base substrate is a place to stick and
creep or walk, while organic matter is the source of
food.

The results of the analysis of the water substrate
in mangrove forests (Fig. 2) show that the substrate
in the mangrove forest on Tawiri beach is generally
formed by several elements, including stone, gravel,
very rough sand, rough sand, medium texture sand,
fine sand, very fine sand, clay and dust. However,
the dominant elements are stone, fine sand and very
fine sand. The results of the substrate analysis re-
vealed that generally the substrate on the Tawiri

Fig. 2. Substrate composition of mangrove forest in
Tawiri beach

Fig. 3. Substrate composition of mangrove forest in Passo
beach

Unlike that in Passo village, the substrate of man-
grove forests in Suli village has a different composi-
tion (Fig. 4), that is, the substrate is formed by ele-
ments such as stone, gravel, very rough sand, rough
sand, medium texture sand, fine sand, very fine
sand, clay and dust. The results of the analysis also
show that the dominant element is very fine sand
and stones. The results of the sediment analysis
show that generally the sediments on the Passo
beach are clay, dusty clay and sandy clay.

The results of the analysis (Fig. 2, 3, 4) show that
in general the sediment compositions in the three
research locations are clay, dusty clay and sandy
clay. This is in accordance with Palanisamy and
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Khan (2013) that the substrate in mangrove forests
is generally composed of sand mixed with mud and
clay. However, Fig. 2-4 show that there are differ-
ences in the concentration of each constituent ele-
ment in the three research locations. Mokhtari et al.
(2015) and Minchinton (2001) explain that the spa-
tial variation of sediment characteristics of man-
grove forests can cause differences in niches for the
organisms that live in it. Kabir et al. (2014) also
found that the substrate texture of the mangrove
forest affected the distribution, diversity and den-
sity of molluscs.

Taxa Composition of Gastropods

The individuals of gastropods found in the sample
plot were identified and arranged according to the
taxa order. The results of the identification found
that the gastropod community of mangrove forests
in Tawiri village was composed of 20 species
spreading over 12 genera and 9 families (Table 1).
The most species found were those belonging to the
Chypeomorus, Nassarius and Nerita genus. The
number of species in the Chypeomorus genus was 3
species, namely Chypeomorus coralium, Chypeomorus
moniliferus, Chypeomorus pellucida. Furthermore, the
species found in the Nassarius genus were Nassarius
globosus, Nassarius olivaceus and Nassarius pullus. In
addition, the species in the Nerita genus were Nerita
chamaeleon, Nerita patulla, Nerita polita, Nerita signata.

In the mangrove forest in the coastal waters of
Passo village were found 12 gastropod species con-
sisting of 8 genera and 7 families (Table 1). The most
species found was in the genus Chypeomorus and
Nassarius. The species in the genus Chypeomorus
found were Chypeomorus coralium, Chypeomorus
moniliferus and Chypeomorus pellucid, while the spe-
cies in the genus Nassarius found were Nassarius

livescens, Nassarius olivaceus and Nassarius pullus.
In the mangrove forest in Suli village, 24 gastro-

pod species consisting of 14 genera and 13 families
were found (Table 1). The most species found were
those in the genus Chypeomorus and Nassarius.
The species in the genus Chypeomorus found were
Chypeomorus coralium, Chypeomorus moniliferus and
Chypeomorus pellucida, while the species in the genus
Nassarius found were Nassarius globosus, Nassarius
olivaceus, Nassarius pullus, Nassarius limnaeiformis
and Nassarius crematus.

The data on the types of gastropods in the three
research locations (Table 1) showed that the man-
grove forest in Suli village had the highest species
which was 23 species, then followed by Tawiri vil-
lage as many as 20 species, and Passo village as
many as 12 species. Although the number of species
differed, the taxa composition in the three research
locations revealed the fact that gastropods in the
mangrove forest area on Ambon Island were domi-
nated by species from the genus Chypeomorus,
Nassarius and Nerita. The research conducted by
Manzo et al. (2014) also found that intertidal gastro-
pods in Sarangani Filipin Province were predomi-
nantly dominated by the genus Nassarius and
Nerita. Zvonareva et al. (2015) did a monitoring
during 2005-2013 and found that there were 53 spe-
cies in 21 families monitoring gastropods in man-
grove forests in Nha Trang (NT) Bay and Nha Phu
(NP) Bay and dominated with genus Chypeomorus
and Nerita.

Correlation Between Physico-Chemical factors and
Gastropods Diversity

An analysis was performed to determine the corre-
lation between physico-chemical factors and gastro-
pod diversity. The results of the regression analysis
showed that temperature, salinity, pH and dis-
solved oxygen (DO) factors had an effect on gastro-
pod diversity in mangrove forests on Ambon Island
(Table 2).

Table 2 shows that there is a significant correla-
tion between temperature factor and gastropod di-
versity in several mangrove forests on Ambon is-
land. The regression coefficient of temperature fac-
tor is 0.728 with the t-count 9.591 and the signifi-
cance of t-count is 0.000. This means that there is a
significant correlaltion between water temperature
and gastropod diversity. The results of this research
are in line with several other research findings, such
as: Selck et al. (2006); Miura et al. (2007); Schram et al.

Fig. 4. Substrate composition of mangrove forest in Suli
beach
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Table 2. Results of Linear Regression Analysis

Independent Standardized t-count Prob(sig t) alpha Description
Variables coefficient

Temperature 0.728 9.591 0.000 0.05 Significant
Salinity 0.687 7.140 0.000 0.05 Significant
pH 0.545 3.582 0.002 0.05 Significant
DO 0.724 6.171 0.000 0.05 Significant

Table 1. Composition and distribution of gastropods in the Tawiri, Passo, and Suli mangrove forests

Family Genus Species Distribution
Tawiri Passo Suli

Cerithiidae Chypeomorus Clypeomorus coralium (Kiener, 1841) + + +
Clypeomorus moniliferus (Kiener, 1841) + + +
Clypeomorus pellucida (Hombron & Jacquinot, 1848) + + +

Nassaridae Hebra Hebra corticata (A. Adams, 1852) + + +
Nassarius Nassarius globosus (Quoy & Gaimard, 1833) + - +

Nassarius olivaceus (Bruguière, 1789) + + +
Nassarius pullus (Linnaeus, 1758) + + +
Nassarius livescens (Philippi, 1849) - + -
Nassarius limnaeiformis (Dunker, 1847) - - +
Nassarius crematus (Hinds, 1844) - - +

Turbinidae Lunella Lunella cinerea (Born, 1778) + - -
Turbinellidae Vasum Vasum turbinellus (Linnaeus, 1758) - - +
Mitridae Pterygia Pterygia dactylus (Linnaeus, 1767) + - -

Mitra Mitra decurtata (Reeve, 1844) + - -
Mitra retusa (Lamarck, 1811) - - +

Muricidae Morula Morula margariticola (Broderip and Sowerby, 1833) + + +
Morula musiva (Kiener, 1835) + - +

Thais Thais aculeata (Deshayes, 1844) + - -
Nerita chamaeleon (Linnaeus, 1758) + - +
Nerita patula (Récluz, 1841) + - -

Neritidae Nerita Nerita polita (Linnaeus, 1758) + - +
Nerita signata (Lamarck, 1822) + - +

Potamididae Terebralia Terebralia sulcata (Born, 1778) + + +
Costellariidae Vexillum Vexillum virgo (Linnaeus, 1767) + - +

Vexillum rugosum (Gmelin, 1791) - - +
Melongenidae Volema Volema myristica (Röding, 1798) + - -
Littorinidae Littorina Littorina scabra (Linnaeus, 1758) - + -
Pyramidellidae Otopleura Otopleura auriscati (Holten, 1802) - + +
Naticidae Polinices Polinices mammilla (Linnaeus, 1758)- + -
Bucinidae Engina Engina mendicaria (Linnaeus, 1758) - - +
Conidae Conus Conus ebraeus (Linnaeus, 1758) - - +
Planaxidae Planaxis Planaxis sulcatus (Born, 1778) - - +
Olividae Oliva Oliva oliva (Linnaeus, 1758) - - +

(2016); Song et al. (2013); Bashevkin and Pechenik
(2015). The seawater temperature factor is one of the
factors that greatly affects the survival of aquatic
organisms. Water temperature fluctuations are
mostly caused by the penetration of sunlight and
CO2 levels. Several resarch results indicate that there
is an increase in seawater temperature caused by
human activities. This increase in temperature af-

fects various levels of the biological system of
aquatic organisms. Xiao et al. (2014) describe that
temperature can affect respiratory rate, eating hab-
its, respiration, metabolic activity, growth, repro-
duction and gametogenesis of poikiloterm organ-
isms.

 Table 2 also shows that there is a significant cor-
relation  between salinity and gastropod diversity in
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several mangrove forests on Ambon Island. The re-
gression coefficient of salinity factor is 0.687 with
the t-count 7.140 and the significance of t-count is
0.000. This means that the salinity of sea water has
a significant effect on the the diversity of gasropods
in mangrove forests. The results of this research are
in line with several other research findings, such as
Bashevkin and Pechenik (2015); Montory et al.
(2014); Xiao et al. (2014); and Veiga et al. (2016). Sa-
linity is one of the restraining factors that affects the
distribution of aquatic organisms. Salinity fluctua-
tions of waters are mostly caused by freshwater
flow and evaporation factors. Too high salinity will
affect the metabolism of aquatic organisms. Xiao et
al. (2014) explains that salinity is a restraining factor
for the distribution of aquatic organisms because it
affects physiological processes such as endurance,
osmolarity of hemolymfa and water content in tis-
sues.

 Next is the environmental pH factor, where the
results of the analysis show that there is a significant
correlation between environment pH and the gas-
tropod diversity. The regression coefficient of pH
factor is 0.545 with the t-count 3.582 and the signifi-
cance of the t-count is 0.002. This means that water
pH factor has an effect on the gastropod diversity in
the mangrove forest area. The results of this re-
search are in line with several other research find-
ings, such as Schram et al. (2016); Garg et al. (2009);
Montory et al. (2009); Bibby et al. (2007), Chen et al.
(2015); Rumahlatu and Leiwakabessy (2017). The
acidity level of seawater is one of the factors that
influence the distribution of aquatic organisms. The
effect is that pH is known to affect the metabolism
of aquatic organisms. Parker et al. (2013) explained
that the effect of pH on molluscs was mainly due to
its impact on the early development stages such as
gametogenesis and embryos.

Another factor which also has a significant corre-
lation with gastropod diversity is dissolved oxygen
(DO). The regression coefficient of the DO factor is
0.724 with the t-count 6.171 and the significance of
the t-count is 0.002. This means that dissolved oxy-
gen has a significant effect on the diversity of gastro-
pods in the mangrove forest area. The results of this
research are in line with several other resarch find-
ings, such as Palanisamy and Khan (2013); Salman
and Nassar (2014); Ekau et al. (2010); Kuk-Dzul and
Díaz-Castañeda (2016); Rumahlatu and
Leiwakabessy (2017).  Oxygen is one of the key ele-
ments in the metabolism of aquatic organisms. The

organisms that have a long period of dormancy gen-
erally tend to have lower oxygen requirements. This
is different from the high mobility organisms that
require oxygen with high concentration. Rumahlatu
and Leiwakabessy (2017) explain that oxygen con-
centration in seawater will affect the life cycle,
growth capacity, reproductive capacity and suscep-
tibility to disease.

Conclusion

Based on the results of the data analysis and discus-
sion that have been presented above, it is concluded
that the temperature in the coastal waters of Tawiri
village ranged from 29-30oC, in the coastal waters of
Passo ranged from 27-28oC, while on the coastal
waters of Suli ranged from 26-28 oC. The salinity of
water at the coastal waters of Tawiri ranged be-
tween 24-30 0/00 ,on the salinity on the coastal waters
of Passo ranged between 26-29 0/00   while the salin-
ity on the coastal waters of Suli ranged 18-29 0/00

.The pH of seawater on the coastal waters of Tawiri
ranged from 6-6.8, on the pH on the coastal waters
of Passo ranged from 6.4-6.7 while the pH on the
coastal waters of Suli ranged from 6-6.5. The Dis-
solved oxygen (DO) on the coastal waters of Tawiri
ranged from 0.9-8, the DO on the coastal waters
Passo ranged from 5-16.1 while the Do on the
coastal waters of Suli ranged from 4-10. In addition,
the composition of the substrate in the three re-
search locations was clay, dusty clay and sandy
clay. The mangrove forest in Suli village has a
higher species content, which is 23 species, then fol-
lowed by 20 species of Tawiri village, and 12 species
of Passo village. The results of the regression analy-
sis show that there is a significant correlation be-
tween temperature factors and the gastropod diver-
sity in several mangrove forests on the island of
Ambon.
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