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Abstract 
This research was directed to analyze the level of species diversity and distribution 

patterns of arboreal organisms on the mangrove forest environment of Paradiso coastal 

of Kupang Bay. The observation unit is a circle of mangrove stems that is divided into 

three levels of height, i.e., 0.0 - 1.0 m, 1.1 - 2.0 m and 2.1 - 3.0 m. The assessment of 

mangrove trees as the observation unit is zigzagged by following the Z pattern starting 

from the lowest tide to the highest tide. Mangrove trees encountered in Z pattern were 

defined as observation units. The data collected in this study consisted of species and 

the number of individuals from each species attached to mangrove stem. Data of 

arboreal organisms were analyzed for relative abundance, diversity Index 

and species evenness, and distribution pattern. The results showed that in the mangrove 

forest area found 8 species of arboreal organisms consists of 7 species of molluscs and 

1 species of crustacean. Mangrove mollusc group consisted of Littorina scabra, 

Littorina undulata, Terebralia sulcata, Nerita plasnospira, Nassarius distortus, Morula 

margariticula and Saccostrea cucullata. Species included in the Crustaceae group is 

Semibalanus sp. The index of species diversity is 1.119 (in low category), and species 

evenness of 0.704 (in high category).  A total of 7 species from 8 arboreal organisms 

distributed in clustered patterns and 1 species in a uniform pattern. All environmental 

parameters support the life of arboreal organisms. 
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Introduction 

 

Ecologically, the mangrove ecosystem has a strategic 

function for an organism’s life. Strategic function of 

mangrove ecosystem as a spawning ground, 

nursery grounds and feeding 

ground (Bengen, 2001; Nybakken, 1992). UV-B 

radiation, 'greenhouse' effects, and fury of cyclones, 

floods, sea level rise, wave action and coastal 

erosion (Kathiresan, 2012).  Lee et al. (2014) suggest 

that morphology, once established, directly influence 

vertical land development by enhancing sedimentation 

and/or by direct organic contribution to soil volume 

(peat formation) in some settings. Mangroves provide 

protection against floods and hurricanes, reduction of 

shoreline and riverbank erosion, and maintenance of 

biodiversity. Doydee et al. (2010) state that mangrove 
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forests provide shelter, food, and breeding sites for a 

large number of marine and terrestrial organisms. 

Mangrove forests are important ecosystems of the 

world because they provide an important and unique 

ecosystem that impacts positively human society by 

stabilizing shorelines and reducing the devastating 

impact of natural disasters, as well as providing food, 

medicines, fuels and building materials (Giri et al., 

2011). 

In the mangrove ecosystem found various 

organisms.  Kustanti (2011) suggests that the 

mangrove ecosystem inhabited by mangroves 

crabs, and other invertebrates, such as molluscs and 

crustaceans. Bivalvia and gastropods are dominant 

molluscs in the mangrove forest. Nazim et al. (2015) 

explained that gastropods and bivalves are important 

members of molluscs associated with mangrove 

forests. Whitmore et al. (2016) suggest that 

crustaceans and bivalves are not only diverse in these 

communities, but they also dominate the biomass in 

the mangrove forest.  Molluscs are the commonly 

found invertebrates in the mangrove ecosystem. They 

account for a good portion of biomass and key 

components of trophic level and create a link between 

phytoplankton communities (Nazim et al., 2015). 

Imakulata (2007) suggested that some species were 

found on the forests floor, roots and mangrove stem, 

even certain species of gastropods found in mangrove 

leaves.  Mujiono (2008) explains that differences in 

the way of life and distribution of gastropods are 

caused by variations in environmental factors. 

Gastropods on the mangrove ecosystem can life 

as non-arboreal (at the substrate surface), infauna (in 

the substrate), and arboreal (sticking on roots, 

stems, and mangrove leaves).  

In the mangrove ecosystems, organisms can spread 

horizontally on the forest floor as well as vertically on 

mangrove stems. Distribution and diversity of 

organisms on the mangrove ecosystem affected by 

changes in environmental quality.  Kumar and 

Khan (2013) emphasized that distribution, abundance, 

and diversity of these mangrove benthic invertebrates 

and their relationships to environmental conditions are 

important parts of understanding the structure and 

function of mangrove ecosystems.  Molluscs and 

crustaceans tend to survive in mangrove forests even 

though these organisms are often affected by any 

changes in the environment, both from outside and 

from within the mangrove forest. Molluscs and 

crustaceans respond to environmental changes by 

distributing, either vertically or horizontally. 

Ability to adapt greatly determines the distribution of 

organisms. Adaptation to get food and mating pairs, 

adaptation to prevent water loss and high salinity 

determines the distribution of organisms on the 

mangrove forest. Horizontal distribution pattern has 

been studied by some researchers, however, the 

vertical distribution pattern has not been done. Similar 

studies have been conducted by Tuheteru et al. (2014) 

but only limited to the vertical distribution of 

gastropods without examining distribution patterns in 

certain altitude classes. Diversity and density of the 

macrobenthos dependent on chance settlement of 

pelagic larval forms of different species, affinity to the 

suitable substratum and also the degree of stress effect 

caused by strong waves and tide currents (Kumar and 

Khan, 2013). Amir et al. (2013) explain that 

Chthamalus malayensis was found to be more densely 

populated on upper zonation; Euraphia withers on 

middle zonation; and Balanus amphitrite on lower 

zonation.  

In relation to the above explanation, this research is 

very important to be done to study 

the distribution pattern and diversity of organisms on 

each unit of the height level. This information is 

expected to contribute to explaining the adaptability of 

arboreal organisms to survive in dry environmental 

conditions (stems and leaves) beyond the reach of 

seawater. 

 

Material and Methods 
 

Sites and time of research 

This research was conducted on the mangrove 

environmental of Paradiso beach, Kupang 

bay. Selection of this location is based on the 

consideration that this location is a tourism beach that 

is easily accessible by the community. It is thus 

expected that the results of this study can provide an 

overview of the condition of the mangrove ecosystem 

based on the level of diversity and distribution pattern 

of the arboreal organisms. This research was 

conducted for 6 months, starting from May to October 

2017. 

 

Data collection technique 
Data were collected conducted by the transect 

method with the zig-zag pattern in the form of letters Z 

to cover the entire area of mangrove forest. The 

mangrove tree passed by the transect line as a unit or 

plot of data collection. 
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Data collection procedure 

Setting the starting point for the mangrove forest area 

(near the lowest tide) to create a transect line. The first 

transect was pulled up parallel to the coastline splitting 

the mangrove forests to the north along the 100 meters. 

Furthermore, the second transect was pulled to the 

shoreline with a 45o angle of angle along 111.8 meters. 

The third transect was pulled parallel to the first 

transect northward so as to form a Z pattern. The 

mangrove trees found on the transect line and its 

vicinity used as the sampling unit. On each tree 

divided to 3 classes of altitude, i.e, 0 - 1.0 m, 1.1 - 2.0 

m and 2.1 - 3.0 m. In each level of the altitude 

measured the diameter of the mangrove stem to 

calculate the mangrove stem surface area. This surface 

area is used as the basis for calculating species 

abundance. In this study transect in Z pattern as much 

as 4 (12 transect lines) 

Arboreal organisms found in each level of altitude 

were recorded and counted a number of each 

species. The unknown arboreal species was preserved 

with 70% alcohol for identification. Identification 

refers to Dharma (1998). In this study also taken 

environmental data consist of pH, 

temperature, dissolved oxygen and salinity. 

Environmental parameters, such as pH, dissolved 

oxygen, salinity is measured at high tide, while the 

temperature other than measured at high tide is also 

measured at low tide to determine the air temperature 

in the mangrove environment. Measurement of 

environmental parameters is not carried out for each 

altitude class with the consideration that sea water is 

always subjected to stirring due to wave blast on 

mangrove trunks so that environmental parameters are 

considered the same between one altitude class and 

another altitude class. 

 

Data analysis 

Data of the species and number of individuals of each 

species are tabulated and organized and displayed in 

tables or graph forms as well as described.  Data on the 

number of individuals from arboreal organisms in each 

class of height and surface area of the stem are used as 

a basis for calculating species abundance, diversity 

index and evenness of species and distribution 

patterns. Analysis of species abundance and evenness 

of species based on Odum (1993), diversity index 

(Shannon-Wiener Index) and distribution patterns 

(Morisita Index) were analyzed based on Krebs 

(1989). The formula used is as follows: 

 

𝑆𝐴 =
𝑛𝑖

𝑁
  and 𝑅𝐴 =

𝑛𝑖

𝑁
𝑥 100% 

 

where SA = species abundance, ni = the number of 

individuals per species, N = the number of individuals 

of all species and RA = relative abundance 

 

 𝑆𝐸 =
𝐻′

𝑙𝑜𝑔𝑆
 

 

where SE = species evenness, H’ = species diversity 

and S =  the number of species 

 

 𝐻′ = − ∑ (
𝑛𝑖

𝑁
) + 𝑙𝑛 (

𝑛𝑖

𝑁
) 

 

where  H’ = species diversity, ni = the number of 

individuals per species, N = the number of individuals 

of all species 

 

 𝐷𝐼 = 𝑛
∑ 𝑥

2

(∑ 𝑥)2 −
∑ 𝑥

∑ 𝑥
 

 

where DI = Dispersal index,  n = number of height 

units, Σx = the total number of individuals of a species 

in height units, Σx2 = the total of the square number of 

individuals of a species in the height unit.  With 

criteria: DI < 1: species distribution in uniform pattern, 

DI = 1: species distribution in random pattern and DI 

> 1: species distribution in clustered/clumped pattern. 

 

Results and Discussion 

 

Relative abundance of mangrove arboreal 

organisms  

In this study found 8 species of mangrove arboreal 

organisms belonging to 3 classes, namely gastropods 

bivalves and Crustacea. The abundance of each 

species is summarized in table 1. 

Based on table 1 it is concluded that the 

mangrove species with the highest abundance is 

barnacles Semibalanus sp with a relative abundance 

value of 85.58%. The lowest relative abundance is 

Morula margariticula with an abundance value 

of 0.011008%.   

Judging from the height units of the substrate 

surface, an abundance of Semibalanus sp is higher in 

altitude 0.0 – 1.0 m with relative abundance 

value of 52.556%. In this altitude, the species with the 

lowest abundance is Morula margariticula with 

a relative abundance value of 0.238%. In an altitude of 

1.1 – 2.0 m, the species with the highest 
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relative abundance is Semibalanus sp with relative 

abundance value 92.412%. In an altitude of 1.1 - 2.0 

m, the species with the highest relative abundance is 

Semibalanus sp with a relative abundance of 92.412%. 

In this altitude, the species with the lowest relative 

abundance are Terebralia sulcata and Morula 

margariticula which both have the same relative 

abundance value of 0.195%. In the altitude of 2.1 – 3.0 

m, the species with the highest abundance 

is Semibalanus sp with a relative abundance of 

25%. In this altitude, the species with the lowest 

abundance is Nassarius distorsus and Saccostrea 

cucculata which have the same relative abundance 

value of 6.25%. 

The species abundance is affected by local 

environmental conditions, food availability, predators 

and competition. Pressure and environmental changes 

can affect the number of species (Ruswaningsih, 

2012). While Kariono (2013), that the abundance of a 

species in the ecosystem is determined by the level of 

resource availability as well as environmental 

chemical-physical factors. 

Based on all opinions, it can be argued that the 

existence of Semibalanus sp supported by resources in 

this case food (plankton and microalgae) and 

chemical-physical factors in the mangrove 

environment.  

 

Species diversity 

Based on species richness, it can be argued 

that Semibalanus sp is the species that has the most 

number of individuals compared to other 

species. Table 1 shows the individual number of 

Semibalanus sp of 925 found in 35 sample units. The 

species with the smallest number of individuals is 

the Morula margariticula with 7 individuals in 7 

sample units or 1 individual per sample unit. 

Table 1 shows that the diversity of 

mangrove arboreal organisms in the Paradiso 

mangrove forest is 1.1188. Based on the diversity 

index, it is concluded that the diversity of mangrove 

arboreal organisms classified in the low 

category (1.1188 < 1.5000).  The value of species 

diversity in the altitude of 0.0 - 1.0 m is 1.31478 and 

in the altitude of 1.0 - 2.0 m and 2.0 - 3.0 m 

respectively of 0.37987 and 0.97071. The species 

diversity in the altitudes 1 and 2 is low (H' < 1.5) 

whereas in the altitude 3 is moderate (1.5 ≤ H' < 3.0). 

The altitude 0 - 1.0 and 1.1 - 2.0 have a lower diversity 

index than the altitude 2.1 – 3.0 m. This is because the 

proportion of the number of individuals of each 

species is almost the same so that the ratio of the 

number of individuals of a species to the number of 

individuals of all species (value ρi) is relatively similar 

between one species and another. Conversely in the 

altitude of 0.0 - 1.0 m and 1.1 - 2.0 m, the number of 

individuals between species is not balanced. In the 

altitude of 0 - 1.0 m and 1.1 - 2.0 m, the number of 

individuals Semibalanus sp of 442 and 475, 

respectively, while other species, such as Morula 

margariticula, has only 2 and 1 individuals 

respectively. Thus ρi obtained from the ratio of the 

number of individuals to the total individuals of all 

species becomes smaller. The comparison between the 

number of individuals of a species and the number of 

individuals in the whole species determines the value 

of the species diversity. 

 

Species evenness 

The results showed that the species evenness value 

was 0.703871. Based on the value of evenness of this 

species, it is concluded that the mangrove arboreal 

organism has a high level of evenness. 

The results of this study indicate that individuals 

from mangrove arboreal organisms come from 

different species. The number of individuals as 

many as 1387 comes from 8 species of mangrove 

arboreal organisms. Odum (1993), states that the 

value of diversity and evenness can show a 

balance in the division of the number of 

individuals of each species. 
Evenness is of great value if the individual is found to 

belong to a different species or genera, whereas 

diversity has a value that is small or equal to zero if all 

individuals belong to a species. An evenness index is 

a number that does not have units, the value of 

evenness ranges from zero to one. The smaller the 

value of evenness, the less evenness in the community. 

 

The distribution pattern of mangrove arboreal 

organisms 

Distribution index of mangrove arboreal organisms 

can be seen in table 2. Based on table 2 it is concluded 

that the distribution of arboreal organisms in Paradiso 

mangroves generally follows a clustering pattern, 

except for the distribution of Morula 

margariticula with a uniform pattern. 
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Table 1: Abundance, diversity, evenness and dominance of arboreal organisms 

No. Species name Relative Abundance (%) Species diversity Species evenness 

1 Littorina scabra 11.5205 0.308839  

 

 

 

 

 

 

 

0.703871 

2 Littorina undulata 0.748534 0.134307 

3 Terebralia sulcata 0.292494 0.102264 

4 Nerita plasnospira 1.096067 0.116408 

5 Semibalanus sp 85.57658 0.270167 

6 Nassarius distorsus 0.24689 0.063445 

7 Morula margariticula 0.011008 0.026693 

8 Saccostrea cucculata 0.507934 0.096674 

   1.1188 

Table 2: Distribution index of mangrove arboreal organisms 

No Species ΣX 2 (ΣX) 2 Σindividu Σplot ID Distribution Patterns 

1 Littorina scabra 7326 62500 250 21 2.387084 Clumped 

2 Littorina undulata 697 3481 59 26 4.847458 Clumped 

3 Terebralia sulcata 476 1600 40 13 3.633333 Clumped 

4 Nerita plasnospira 186 2304 48 20 1.223404 Clumped 

5 Semibalanus sp 54419 855625 925 35 2.190581 Clumped 

6 Nassarius distor tus 157 441 21 8 2.590476 Clumped 

7 Morula margariticula 7 49 7 7 0 Uniform 

8 Saccostrea cucculata 323 1369 37 10 2.147147 Clumped 

The distribution of arboreal organisms, such as 

gastropods, bivalves and crustaceans, is influenced by 

biotic and abiotic factors, such as environmental 

conditions, food availability, predation and 

competition. Susiana (2011) suggests that pressure and 

environmental changes affect the number of species 

and structural differences of gastropods and bivalves. 

Gastropods that have the ability to climb, such as 

Littorina using mangrove stems as a medium to find 

food. Even Littorina is often found in mangrove 

leaves. The presence of Littorina in mangrove leaves 

indicates that this biota is herbivorous. Plankton or 

microalgae attached to mangrove stems are utilized by 

arboreal biota as a food source. The climbing activity 

takes place during the tide. Muhsin et al. (2016) 

suggest that the spread of gastropods vertically 

depends on the range of high tide and low tide. Field 

observations show that at low tide the arboreal biota 

does not climb. Gastropoda attaches tightly to the 

mangrove stem and closes its operculum to prevent 

water loss. 

The results showed that 7 species of mangrove 

arboreal showed a clustered distribution pattern while 

1 species (Morula margariticula) exhibited a uniform 

distribution pattern. Colin et al. (1992) explain that the 

clustered distribution patterns are related to the 

distribution of habitats and other animals. While the 

uniform distribution pattern is related to the nature of 

the area. While McNaughton (1990) explains that 

clustered distribution patterns indicate that the 

existence of individuals at a point increases the 

chances for the same individual at another point 

nearby. The uniform distribution pattern, the existence 

of the individual at a point decreases the chances of the 

same individual at a point nearby. 

The results clearly show that the presence of an 

individual from each species increases the chances of 

individuals forming a population at a point around the 

individual of that species. While Morula 

margariticula, it is clear that at the location of the 

study only found 7 individuals in 7 sample units or 1 

individual in each sample unit. The results of this 

study clearly illustrate that the individual existence of 

this species decreases the chances of other individuals 

of the same species to be present around the individual. 

The species' ability to choose suitable habitat types 

allows the species to survive their lives. Mangrove 

stems as a habitat that provides food sources and a 

suitable place for arboreal organisms to carry out 

activities. Individual gastropods that have the ability 

to climb mangrove stems will be distributed to obtain 

food sources provided by mangrove stems as their 

habitat. Similarly, bivalves (Sacsostrea) and 

crustaceans (Semibalanus) that attach themselves 
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relatively permanently to mangrove stems. Mangrove 

stems provide a place as a habitat to obtain food at high 

tide. The predation factor also greatly determines the 

distribution of arboreal organisms. Vertical 

distribution may be related to predation. Species that 

have the ability to climb avoid predators on the floor 

of mangrove forest. Whitmore et al. (2016) explain 

that crustaceans are predators of gastropods in 

mangrove forests.  

Environmental factors, such as temperature, humidity, 

pH, salinity and others greatly affect the presence of 

mangrove arboreal organisms. The measurement 

results show that temperature water ranging between 

25-26oC with a mean of 25.3oC while the air 

temperature ranges between 30-32oC temperature 

range is still within the normal range for growth of 

molluscs. Rahmasari et al. (2015) suggested that 

the optimal temperature range between 25-

35oC. Hutagalung (1988) suggested that the optimum 

temperature for benthic molluscs ranged from 15-

28oC. At this temperature range, metabolic activity 

was normal. Hitalessy et al. (2015) 

suggests that temperatures beyond the tolerance limit 

can cause decreased metabolic 

activity, even causing death in gastropods. 

Results showed that the pH at the study site ranged 

from 6.5 to 6.7 with the average of 6.6. This pH value 

is still within the normal range for growth of 

gastropods. Rusnaningsih (2012), explains that the pH 

targets Gastropods range from 5-9. While Handayani 

(2006) suggests that the optimum pH for the life of 

marine organisms is between 6-8. Asikin 

(1982) suggests that the condition waters are very 

acidic or very alkaline will endanger the survival of 

aquatic organisms because it can cause metabolic and 

respiratory disorders. 

Salinity measurements showed that salinity in the 

Paradiso mangrove forest ranged from 31 to 32 ‰ 

with a mean of 31.6 ‰. This salinity value is still 

within the normal range for the life of molluscs. 

According to Hitalessy (2015), in general, the species 

of gastropods can live in waters with salinity ranging 

from 31 ‰ - 37 ‰. 

The results showed that dissolved oxygen in the 

Paradiso coastal mangrove forest area ranged from 3.2 

to 3.5 mg/L with a 3.3 mg/L average. The value of DO 

(Dissolved oxygen) is still within the normal range for 

the life of aquatic organisms. The optimum DO 

content for the life of benthic molluscs ranges from 4.5 

to 6.6 mg/L. Effendi (2003) suggests that if the DO 

value below 2.0 mg/L can cause organisms death. 

The arboreal molluscs in mangrove stems maintain 

oxygen loss by closing the operculum during low 

tide. Allegedly to maintain sufficient oxygen demand 

during low tide, the operculum is opened to allow free 

oxygen to enter through the respiratory 

system. Dissolved oxygen is a basic requirement for 

the life of aquatic organisms. Gastropods have a wide 

range of tolerance to oxygen so that the spread of this 

gastropods is very wide. 

 

Conclusion 
 
Based on the results of present study it is concluded 

that eight species of arboreal organisms were found in 

this research project i.e., Littorina scabra, Littorina 

undulata, Terebralia sulcata, Nerita plasnospira, 

Semibalanus sp, Nassarius distortus, and Morula 

margariticula and species belonging to bivalves, 

namely Saccostrea cucculata. Semibalanus sp is a 

species of crustacean mangrove which has the highest 

relative abundance (85.58%). The index value of 

mangrove molluscs diversity is 1.119 or belong to low 

diversity level. Index to species evenness of 0.704 and 

belong to the high-level similarity species. The pattern 

of arboreal organism distribution is generally in a 

clustering pattern. All environmental parameters 

support the life of arboreal organisms. The average 

value of the temperature, pH, dissolved oxygen and 

salinity are 25.3°C, 6.6, 3.3 mg/L and 31.6% 

respectively within the normal range for growth of the 

organism arboreal. 

 

References 
 

Amir NHH, Talib A, Ahmad O and Yahya K, 2013. 

The distribution and zonation of barnacles around 

the intertidal shores of Penang Island. In 

Proceedings, The 3rd Annual International 

Conference Syiah Kuala University (AIC 

Unsyiah) in conjunction with The 2nd 

International Conference on Multidisciplinary 

Research (ICMR),  2-4 October 2013, Banda 

Aceh, Indonesia. 

Atkinson SC, Jupiter SD, Adams VM, Ingram JC, 

Narayan S, Klein CJ and Possingham HP, 2016. 

Prioritising mangrove ecosystem services results 

in spatially variable management priorities. PLOS 

One.https://doi.org/10.1371/journal.pone.015199

2 



Moses Kopong Tokan et al 

 541  Asian J Agri & Biol. 2018;6(4):535-542. 

Bengen DG, 2001. Introduction and management of 

mangrove ecosystem: technical guidelines. Study 

centre of coastal areas and oceans resources. 

Agricultural Institutes of Bogor, Bogor, Indonesia. 

Bibby R, Harding PC, Rundle S, Widdicombe S and 

Spice J, 2007. Ocean acidification disrupts 

induced defences in the intertidal gastropod 

Littorina littorea. Biol. Letters. 3(6): 699–701. 

Cannicci S, Burrows D, Frattini S, Smith TJ, 

Offenberg J and Dahdouh-Quebec F, 2008. Faunal 

impact on vegetation structure and ecosystem 

function in mangrove forests, A review. Aquat. 

Bot. 89: 186–200.  

Cunha-Lignon M, Coelho JRC, Almeida R, Menghini 

RP, Schaeffer-Novelli Y, Cintrón G and Dahdouh-

Guebas F,  2011. Characterisation of mangrove 

forest types in view of conservation and 

management: a review of mangals at the Cananéia 

region, São Paulo State, Brazil. J. Coastal Res. 

Special Issue, 57(64): 349 – 353.  

Deekae SN, 1987. The ecological distribution of 

mangrove molluscs in the Bonny-New Calabar 

Rivers System of Niger Delta. M.S. thesis, 

University of Port Harcourt, Choba, Nigeria.  

Demopoulos, AWJ and Smith CR. 2010. Invasive 

mangroves alter macrofaunal community 

structure and facilitate opportunistic exotics. Mar. 

Ecol. Prog. Ser. 404: 51–67.  

Dharma B. 1988. Indonesian 

sails and coral I. PT Sarana Graha, Jakarta, 

Indonesia 

Diaz S, Fargione J, Chapin FS III and Tilman D, 2006. 

Biodiversity loss threatens human well-being. 

PLOS Biol. 4:1300–1305.  

Doydee P, Doungnamol D and Jaitrong W, 2010. Soil 

properties in the Ranong mangrove ecosystem, 

Ranong Province, Thailand. The Thailand Nat. 

History Museum J. 4(2): 63-70 

Duke NC and Schmitt K, 2015. Mangroves: unusual 

forests at the sea's edge. Tropical Forestry 

Handbook, pp. 24.  Springer-Verlag Berlin 

Heidelberg.  

Effendi H, 2003. Water quality study for resource 

management and waters environment. Kanisius, 

Yogyakarta, Indonesia. 

Evans S, 1983. Production, predation and food niche 

segregation in a marine shallow soft-bottom 

community. Mar. Ecol. Prog. Ser. 10: 147-157.  

Ewald ML, Feminella JW, Lenertz KK and Henry RP, 

2009 Acute physiological responses of the 

freshwater snail Elimia flava (Mollusca: 

Pleuroceridae) to environmental pH and calcium. 

Compar. Biochem. Physiol. Part C, 150: 237–245.  

Field CB, Osborn JG, Hoffman LL, Polsenberg JF, 

Ackerly DD, Berry JA, Bjȯrkman Held A, Matson 

PA and Harold A, 1998. Mangrove biodiversity 

and ecosystem function. Global Ecol. Biogeogr. 

Letters. 7(1): 3-14.  

Giri C, Ochieng E, Tieszen LL, Zhu Z, Singh A, 

Loveland T, Masek J and Duke N, 2011.  Status 

and distribution of mangrove forests of the world 

using earth observation satellite data. Global Ecol 

Biogeogr. Letters. 20: 154–159.  

Handayani EA, 2016.  The diversity of gastropods 

species in the Randusanga beach of Brebes 

District Central Java. Semarang State University, 

Semarang, Indonesia.  

Hitalessy RB, Leksono AS and Herawati EY, 2015. 

Community structure and gastropods association 

with seagrass in Lamongan coastal waters of East 

Java. J-PAL. 6(1): 64-73.  

Hsieh HL, Lin HJ, Shih SS and Chen CP, 2015. 

Ecosystem functions connecting contributions 

from ecosystem services to human well-being in a 

mangrove system in northern Taiwan. Int. J. 

Environ. Res. Public Health, 12: 6542-6560.   

Hutagalung HP, 1988 Effect of water temperature on 

the life of marine organisms. Oseana. 13(4): 153–

164.  

Imakulata MM, 2007. Density, vertical distribution 

and protein contain of mangrove mollusc 

Anomiidae and Ostreidae in Oesapa Beach 

Kupang Gulf East Nusa Tenggara. The University 

of Nusa Cendana, Kupang, Indonesia 

Kabir M, Abolfathi M, Hajimoradloo A, Zahedi S, 

Kathiresan K and Goli S, 2014. Effect of 

mangroves on distribution, diversity and 

abundance of molluscs in mangrove ecosystem: a 

review. AACL Bioflux. 7(4): 286-300.   

Kathiresan K, 2012. Importance of mangrove 

ecosystem.  Int. J. Marine Sc. 2(10): 70-89.  

Kottè-Mapoko EF, Ngo-Massou VM, Essomè-Koum 

LG, Emane JM, Moussian LN, Tchoffo R and Din 

N, 2017.  Molluscs' composition and distribution 

in mangroves of the Cameroon Central Coast. Int. 

J. Res. Stud. Biosci. 4(5): 4-13.  

Krebs CJ, 1989. Ecological methodology: an imprint 

of Addison Wesley Longman, Inc. Menlo Park, 

California, Reading, Massachusetts, New York 

Harlow, England Don Mills, Ontario, Amsterdam, 

Madrid, Sydney, Mexico City.  



Moses Kopong Tokan et al 

 542  Asian J Agri & Biol. 2018;6(4):535-542. 

Kumar PS and Khan AB, 2013. The distribution and 

diversity of benthic macro invertebrate fauna in 

Pondicherry mangroves, Ind. Aquat. Biosyst. 9(1): 

3-18.  

Kustanti A, Nugroho B, Durusman D, Kusmana C, 

Nurrochmat D, Krott M and Schuster C, 2014. 

Actor, interest and conflict in sustainable 

mangrove forest management - a case from 

Indonesia. Int. J. Marine Sci. 4(16): 150-159.  

Lee SY, Primavera JH, DahdouhGuebas F, McKee K, 

Bosire JO, Cannicci S, Diele K, Fromard F, 

Koedam N, Marchand C, Mendelssohn I, 

Mukherjee N and Records, 2014. Ecological role 

and services of tropical mangrove ecosystems: a 

reassessment. Global Ecol. Biogeogr. 23: 726-

743.  

Luck GW, Harrington R and Harrison PA, 2009. 

Quantifying the contribution of organisms to the 

provision of ecosystem services. Biosci. 59: 223–

235.  

Li Y, Xu R and Wang C, 2012. The community 

structure of molluscs in three different wetland 

types in the Qi’ao-Dan’gan island, mangrove 

nature reserve at Qi’ao Island, Pearl River 

Estuary, China. Zool. Stud. 51(6): 745-754.  

Liu Y, Wang M, Wang W, Fu H and Lu C, 2016. 

Chilling damage to mangrove mollusc species by 

the 2008 cold event in Southern China. 

www.esajournals.org Ecosphere. 7(6):e01312. 

10.1002/ecs2.1312. 

Macintosh DJ, Ashton EC and Havanon S, 2002. 

Mangrove rehabilitation and intertidal 

biodiversity: a study in the Ranong mangrove 

ecosystem, Thailand. Estuar. Coast. Shelf Sci. 55: 

331–345.  

Maia RC and Coutinho R, 2015. The effects of salinity 

on the density, shell size and survival of a 

mangrove gastropod: laboratory and field 

evidence. Journal of the Marine Biological 

Association of the United Kingdom, pp. 1-9.  

Maia RC and Coutinho R, 2013. The influence of 

mangrove structure on the spatial distribution of 

Melampus coffeus (Gastropoda: Ellobiidae) in 

Brazilian estuaries. Pan-Am. J. Aquat. Sci. 8:21–

29.  

Maia RC, Rocha-Barreira CC and Coutinho R, 2012. 

Reproductive cycle and embryonic development 

of the gastropod Melampus coffeus (Linnaeus, 

1758) (Ellobiidae) in the Brazilian Northeast. 

Braz. J. Biol. 72: 935–943. 

McNaughton SJ and Wolf Larry L, 1992. General 

ecology. 2nd ed. Gadjah Mada University Press, 

Yogyakarta, Indonesia.  

Muhsin, Jamili and Hendra, 2016. Vertical distribution 

of gastropods in mangrove Rhizophora apiculata 

in Kendari Bay. Biowallacea. 3(1): 349-361. 

Mujiono N, 2016. Mangrove gastropods from Lombok 

island, West Nusa Tenggara, Oseanologi dan 

Limnologi di Indonesia. 1(3): 39–50 

Nazim K, Ahmed M, Khan MU, Shaukat SS, Khokhar 

A and Durani ATH, 2015.  Population distribution 

of molluscs in mangrove forests, Pakistan. 

FUUAST J. Biol. 5(1): 37-41 

Nybakken JW, 1992. Marine Biology: an ecology 

approach. Gramedia, Jakarta, Indonesia 

Odum EP, 1993. Basic ecology. Gadjah 

Mada University Press, Yogyakarta, Indonesia. 

Rahmasari T, Tarzan P, Reni A, 2015. Diversity and 

abundance of gastropods on the south coast of 

Pamekasan Regency, Madura. Biosaintifika. 7 (1): 

48-54 

Rusnaningsih, 2012. Gastropods community structure 

and Cerithidea obtusa (Lamarck 1822) population 

studies in the Pangkal Babu mangrove forest West 

Tanjung Jabung Regency. Jambi, Indonesia.  

Starczak V, Pérez-Brunius P, Levine HE, Gyory J and 

Pineda J, 2011. The role of season and salinity in 

influencing barnacle distributions in two adjacent 

coastal mangrove lagoons. Bull. Marine Sci. 

87(3):275–299.  

Susiana, 2011. The diversity and density of 

mangroves, gastropods and bivalves in the estuary 

Perancak, Bali. Available from: 

http://repository.unhas.ac.id/bitstream/handle/123

456789/130/2011_Susiana_L21107001.pdf?sequ

ence=2. 

Tuheteru M, Notosudarmono S and Martosupono M, 

2014. Gastropods distribution in the mangrove 

ecosystem, In Proceeding of Rajaempat national 

seminar, 12-13 August 2014, Waisai, Papua, 

Indonesia. 

Whitmore RC, Brusca R, Gonzȧles-Zamorano P, 

Leȯn-de la Luz JL, Mendosa-Salgado R, Amador-

Silva ES, Holguin G, Galvȧn-Magaǹa, Hastings 

PA, Carton JE, Felger RS, Seminoff JA and 

McIvor CC, 2016. The ecological importance of 

the mangroves In Baja California Sur: 

Conservation implications for the endangered 

ecosystem. 

https://www.researchgate.net/publication/305489

424. 


